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(57) ABSTRACT

The present disclosure provides an organic light emitting
display that may comprise: an organic light emitting device
(OLED) including a first electrode, an organic layer including
a light-emitting layer, and a second electrode, which are
sequentially formed on a substrate having a Thin Film Tran-
sistor (TFT) formed on the substrate; and an upper encapsu-
lation layer, which is formed of an aluminum oxide-based
material, is formed in a single layer, and is disposed on the
substrate on which the organic light emitting device (OLED)
is formed, wherein a Water Vapor Transmission Rate
(WVTR) of the upper encapsulation layer is smaller than or
equal to 1072 g/m*/day.
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ORGANIC LIGHT EMITTING DISPLAY AND
METHOD OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2013-0129417, filed on
Oct. 29, 2013, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display, and a method of manufacturing the same.
[0004] 2. Description of the Related Art

[0005] An image display for displaying various types of
information on a screen corresponds to a core technology in
the age of information communication and is developing in
the direction toward a thinner, lighter, portable, and higher-
performance display. Accordingly, an organic light emitting
display for displaying an image by controlling the quantity of
light emitted from an organic light-emitting layer is in the
spotlight as a flat display device capable of reducing the
weight and the volume of the display, which correspond to
shortcomings of a Cathode Ray Tube (CRT).

[0006] Theorganic light emitting display is a self-emission
device using a thin light-emitting layer between electrodes
and has an advantage in that it can be thinned like paper.
[0007] A typical organic light emitting display has a struc-
ture including a sub-pixel driving unit array and an organic
light emitting any formed on a substrate, wherein a light
emitted from organic light emitting devices of the organic
light emitting array displays an image while passing through
the substrate of a barrier layer.

[0008] An organic light emitting device is susceptible to
both degradations by internal factors, such as degradation of
an electrode and a light-emitting layer by oxygen and degra-
dation by reaction between a light-emitting layer and inter-
face, and degradations by external factors, such as external
moisture, oxygen, ultraviolet rays, and manufacturing condi-
tions. Especially, since the external oxygen and moisture have
a fatal influence on the lifespan of the device, packaging of the
organic light emitting display is very important.

[0009] As a method for the packaging, a method of sealing
a substrate having organic light emitting devices formed
thereon by a protective cap is used. In this method, a moisture
absorbent is attached to an inner central portion of the pro-
tective cap before the protective cap is sealed, to absorb
moisture that may exist in the protective cap.

[0010] Further, in order to prevent the moisture absorbent
from dropping to an organic layer, a semi-permeable mem-
brane is attached to a rear surface of the protective cap to
allow passage of moisture and oxygen.

[0011] The above-described packaging method using a
protective cap made of metal or glass to protect an organic
layer of an organic light emitting device from oxygen or
moisture requires use of an additional material, such as adhe-
sive or moisture absorbent, which may increase the material
cost. Further, formation of a protective cap may increase the
volume and thickness of the organic light emitting display
and makes it difficult to apply flexibility to the display since
the protective cap is made of glass.
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[0012] 1In order to address these problems, a method of
encapsulation by forming a thin bather layer is tried as
another method for packaging an organic light emitting dis-
play. In this method, a film formed by laminating a plurality of
inorganic insulating films and organic insulating films in mul-
tiple layers is used as the barrier layer. The reason why the
barrier layer is formed by a plurality of films is to block the
permeation of moisture or oxygen from the outside.

[0013] However, a barrier layer formed by stacking a plu-
rality of inorganic insulating films and organic insulating
films in multiple layers as described above has a large thick-
ness and may generate a crack to cause damage to a substrate
at the time of bending when it is applied to recent flexible
display devices, which results in a bad product.

SUMMARY OF THE INVENTION

[0014] In this background, an aspect of the present inven-
tion is to provide an organic light emitting display and a
method of fabricating the same, which can minimize an upper
encapsulation layer of a display device to reduce or prevent
the occurrence of a crack at the time of bending, thereby
reducing damage to a substrate.

[0015] In accordance with an aspect of the present inven-
tion, there is provided an organic light emitting display. The
organic light emitting display may comprise: an organic light
emitting device (OLED) including a first electrode, an
organic layer including a light-emitting layer, and a second
electrode, which are sequentially formed on a substrate hav-
ing a Thin Film Transistor (TFT) formed on the substrate; and
an upper encapsulation layer, which is formed of an alumi-
num oxide-based material, is formed in a single layer, and is
disposed on the substrate on which the organic light emitting
device (OLED) is formed, wherein a Water Vapor Transmis-
sion Rate (WVTR) of the upper encapsulation layer is smaller
than or equal to 10-2 g/m2/day.

[0016] In one embodiment, the organic light emitting dis-
play may further comprise: an adhesive layer disposed on the
upper encapsulation layer; and a barrier layer disposed on the
adhesive layer and encapsulating the organic light emitting
device (OLED).

[0017] In another embodiment, the upper encapsulation
layer may have a thickness of 20 to 50 nm.

[0018] In further another embodiment, the upper encapsu-
lation layer may comprise hydrogen atoms.

[0019] Infurtheranother embodiment,a contentratio ofthe
hydrogen atoms to a total number of all atoms in the upper
encapsulation layer may be smaller than or equal to 10 per-
cents.

[0020] In further another embodiment, the upper encapsu-
lation layer may have a radius of curvature smaller than or
equal to 10 mm in bending.

[0021] In further another embodiment, a ratio between Al
and O in the aluminum oxide-based material may be in a
range from 1:1.4 to 1:1.6.

[0022] In further another embodiment, the organic light
emitting display may further comprise a silicon-based inor-
ganic layer formed on an upper surface or a lower surface of
the upper encapsulation layer.

[0023] In further another embodiment, a sum of thickness
of the silicon-based inorganic layer and the upper encapsula-
tion layer may be 0.02 to 3 um.

[0024] Infurther another embodiment, the bather layer may
comprise an optically isotropic film or a phase difference
film.
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[0025] In further another embodiment, the organic light
emitting display may further comprise an inorganic layer or
an organic layer formed on an upper surface or a lower surface
of the barrier layer.

[0026] Infurtheranother embodiment, the substrate may be
formed of a polyimide-based material or a polycarbonate-
based material.

[0027] In further another embodiment, the organic light
emitting display may further comprise a lower encapsulation
layer formed of at least one organic material selected from the
group consisting of Polyethylene Naphthalate (PEN), Poly-
ethylene Terephthalate (PET), polyethylene ether phthalate,
polycarbonate, polyarylate, polyether imide, polyether sul-
fonate, polyimide, and polyacrylate on a lower surface of the
substrate.

[0028] As described above, according to the present inven-
tion, an upper encapsulation layer of a display device can be
minimized to reduce or prevent the occurrence of a crack at
the time of bending, thereby reducing damage to a substrate.
[0029] Further, in another aspect, the present invention can
reduce the processes and costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0031] FIG. 1 illustrates a system configuration of an
organic light emitting display to which embodiments of the
present invention may be applied.

[0032] FIG. 2 is a sectional view of an organic light emit-
ting display according to various embodiments of the present
invention.

[0033] FIGS. 3A to 3C are sectional views illustrating a
method of fabricating an organic light emitting display
according to various embodiments of the present invention.
[0034] FIG. 4 is a graph illustrating a WVTR (Water Vapor
Transmission Rate) of the upper encapsulation layer of an
organic light emitting display according to various embodi-
ments of the present invention with respect to the thickness
thereof.

[0035] FIG. 5is a graph illustrating a density of the upper
encapsulation layer of an organic light emitting display
according to various embodiments of the present invention
with respect to the thickness thereof.

[0036] FIG.6isa graphillustrating a refractive index of the
upper encapsulation layer of an organic light emitting display
according to various embodiments of the present invention
with respect to the thickness thereof.

[0037] FIG. 7 is a graph illustrating stress of the upper
encapsulation layer of an organic light emitting display
according to various embodiments of the present invention
with respect to the thickness thereof.

[0038] FIG. 8 is a graph illustrating a step coverage of the
upper encapsulation layer 230 of an organic light emitting
display according to various embodiments of the present
invention with respect to the thickness thereof.

[0039] FIG. 9 is a photograph of an organic light emitting
display according to the related art.

[0040] FIG. 10 is a photograph of an organic light emitting
display according to various embodiments of the present
invention.
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[0041] FIG. 11 is a sectional view of an organic light emit-
ting display according to various embodiments of the present
invention.

[0042] FIGS. 12A to 12C are sectional views illustrating a
method of fabricating an organic light emitting display
according to various embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0043] Hereinafter, exemplary embodiments of the present
invention will be described with reference to the accompany-
ing drawings. In the following description, the same elements
will be designated by the same reference numerals although
they are shown in different drawings. Further, in the following
description of embodiments of the present invention, a
detailed description of known functions and configurations
incorporated herein will be omitted when it may make the
main idea of the present invention unclear.

[0044] In the description of the elements of the present
invention, terms “first”, “second”, “A”, “B”, “(a)”, “(b)” and
the like may be used. These terms are merely used to distin-
guish one element from another element, and do not limit a
true nature, a sequence or an order of the corresponding
element. In the case thatitis described that a certain structural
element “is connected to”, “is coupled with”, or “is in contact
with” another structural element, it should be interpreted that
another structural element may “be connected to”, “be
coupled with”, or “be in contact with” other structural ele-
ments as well as that the certain structural element is directly
connected to or is in direct contact with another structural
element. Likewise, when it is described that a certain element
is formed “on” or “under” another element, it should be
understood that the certain element may be formed either
directly or indirectly via a still another element on or under
the another element.

[0045] FIG. 1 illustrates a system configuration of an
organic light emitting display to which embodiments of the
present invention may be applied.

[0046] Referring to FIG. 1, a display 100 for application of
embodiments of the present invention includes a panel 140
having gate lines GL1 to GLn and data lines DL1 to DLm
formed thereon and crossing each other, a gate driver 130 for
driving the gate lines formed on the panel 140, a data driver
120 for driving the data lines formed on the panel 140, and a
timing controller 110 for controlling driving timing of the
gate driver 130 and the data driver 120. The timing controller
110 may receive signals, e.g. horizontal and vertical synchro-
nization signals Hsync, Vsync, RGB data signals and a clock
signal CLK, from a circuit 150.

[0047] On the panel 140, the gate lines GL1 to GLn and the
data lines DL.1 to DLm cross each other to define each Pixel
P).

[0048] The display 100 in FIG. 1 may be, for example, a
Liquid Crystal Display (LCD), an Organic Light Emitting
Device (OLED), or the like, and may be any type of display
according to the embodiments described below. For example,
the display 100 described above may be an organic light
emitting display according to an embodiment described
below or an organic light emitting display that can be manu-
factured by a method according to the embodiment described
below.
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[0049] Hereinafter, an organic light emitting display
according to embodiments of the present invention will be
described in more detail with reference to the accompanying
drawings.

[0050] FIG. 2 is a sectional view of an organic light emit-
ting display according to various embodiments of the present
invention.

[0051] Referring to FIG. 2, an Organic Light Emitting
Device (OLED) includes a first electrode 210, an organic
light-emitting layer 212, and a second electrode 214 sequen-
tially formed on a substrate 201 on which a Thin Film Tran-
sistor (TFT) is formed.

[0052] More specifically, a semiconductor layer 202, a gate
insulating layer 203, a gate electrode 204, an inter-layer insu-
lating layer 205, and source and drain electrodes 206 and 208
are sequentially formed on the substrate 201 to form the TFT,
and a protective layer 207 is formed on the substrate 201 on
which the TFT is formed.

[0053] In this event, the substrate 201 may be a plastic
substrate 201 having a strong heat resistance. For example,
the substrate 201 may be formed of a polyimide-based or
polycarbonate-based material.

[0054] The semiconductor layer 202 may be formed of
poly-silicon in accordance with an embodiment. In this case,
a predetermined area of the semiconductor layer 202 may be
doped with impurities.

[0055] Of course, the semiconductor layer 202 may be
formed of amorphous silicon and may be formed of various
organic semiconductor materials, such as pentacene, in accor-
dance with other embodiments.

[0056] When the semiconductor layer 202 is formed of
poly-silicon, the layer is first formed of amorphous silicon,
which is then crystallized into poly-silicon. For the crystalli-
zation, various methods, such as a Rapid Thermal Annealing
(RTA) process, a Metal Induced Lateral Crystallization
(MILC) method, or a Sequential Lateral Solidification (SLS)
method, may be employed.

[0057] The gate insulating layer 203 may be formed of an
insulating material, such as silicon oxide (SiOx) or silicon
nitride (SiNx). Of course, the gate insulating layer 203 may be
formed of other insulating organic materials.

[0058] The gate electrode 204 may be formed of various
conductive materials. For example, the gate electrode 204
may be formed of a metal or metal alloy, for example Mg, Al,
Ni, Cr, Mo, W, MoW, Au, or an alloy thereof.

[0059] The inter-layer insulating layer 205 may be formed
of an insulating material, for example an inorganic insulating
material such as silicon oxide (SiOx) or silicon nitride (SiNx).
Of course, the inter-layer insulating layer 205 may be formed
of other insulating organic materials. The inter-layer insulat-
ing layer 205 and the gate insulating layer 203 may be selec-
tively removed to form a contact hole through which source
and drain areas are exposed.

[0060] The source and the drain electrode 206 and 208 are
formed in a shape of a single layer or multiple layers on the
inter-layer insulating layer 205 by burying a material for the
gate electrode 204 in the contact hole.

[0061] The protective layer 207 protects and flattens the
TFT. The protective layer 207 may be formed in various
forms. Specifically, the protective layer 207 may be formed as
an organic insulating layer, such as Benzocyclobutene (BCB)
or Acryl, or an inorganic insulating layer, such as silicon
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nitride (SiNx) or silicon oxide (SiOx), may be formed in a
single layer or multiple layers, or may be modified in various
ways.

[0062] An Organic Light Emitting Device (OLED)
includes a first electrode 210 formed on the protective layer
207, an organic layer 212 including a light-emitting layer
formed on the first electrode 210, and a second electrode 214
formed on the organic layer 212.

[0063] More specifically, the first electrode 210 is electri-
cally connected with the drain electrode 208 of the TFT
through a contact hole. The first electrode 210 may be formed
of an opaque conductive material having a high reflectance.
For example, the first electrode 210 may be formed of a metal
or metal alloy, for example Ag, Al, AINd, Au, Mo, W, Cr, or an
alloy thereof.

[0064] An area where light may be emitted, e.g. an area
where the Organic Light Emitting Device (OLED) including
the first electrode 210, the organic layer 212 and the second
electrode 212 is formed, may be referred as light-emitting
area. A bank 220 is formed on the area other than the light-
emitting area. Therefore, the bank 220 has a bank hole
through which the first electrode 210 corresponding to the
light-emitting area is exposed.

[0065] The bank 220 may be formed of an inorganic insu-
lating material, such as silicon nitride (SiNx) or silicon oxide
(S10x), or an organic insulating material, such as BCB, acryl-
based resin, or imide-based resin.

[0066] The organic layer 212 is formed on the first elec-
trode 210 exposed through the bank 220. The organic layer
212 includes a light-emitting layer and may further include an
electron injection layer, an electron transport layer, a hole
transport layer, and a hole injection layer.

[0067] The second electrode 214 is formed on the substrate
201 on which the organic layer 212 is formed. The second
electrode 214 is formed of a transparent conductive material,
such as Indium Tin Oxide (ITO) or Indium Zinc Oxide (I70),
so as to emit light generated in the organic layer 212 upward
of the second electrode 214 (in other words, to let light gen-
erated in the organic layer 212 pass through the second elec-
trode 214 to be emitted at the top side of the display).
[0068] An upper encapsulation layer 230 attached to the
second electrode 214 is formed on the substrate 201 on which
the organic light emitting device (OLED) is formed. The
upper encapsulation layer 230 is an inorganic monolayer. For
example, the upper encapsulation layer 230 is an inorganic
monolayer formed of an aluminum oxide. When the upper
encapsulation layer 230 is formed of an aluminum oxide, in
AlOgx, the ratio between Al and O is in a range from 1:1.4 to
1:1.6. AlOx can be expressed as AlyOz. In this case, z/y is
from 1.4 to 1.6, for example A1203.

[0069] The upper encapsulation layer 230 has a thickness
of 20 to 50 nm. The upper encapsulation layer 230 having
such a thickness can implement bending in a radius of curva-
ture smaller than or equal to 10 mm.

[0070] The upper encapsulation layer 230 is formed by
Atomic Layer Deposition (ALD). A thin layer formed by
atomic layer deposition is formed at a speed of, e.g., about 5.4
nm/min and thus has an excellent uniformity and a high
density. The upper encapsulation layer 230 formed by atomic
layer deposition has a high density of 2.7 to 3.0 g/cm3 and an
etch rate smaller than or equal to 70 nm/min. The upper
encapsulation layer 230 has a Water Vapor Transmission Rate
(WVTR) smaller than or equal to 10-2 g/m2/day. Therefore,
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the upper encapsulation layer 230 can prevent oxygen or
moisture from permeating the substrate 201 from the outside
to protect the substrate 201.

[0071] Further, the degree of stress of the upper encapsula-
tion layer 230 is about =100 Mpa, which prevents occurrence
of a crack in the upper encapsulation layer 230 to thereby
prevent damage to the substrate.

[0072] Further, the upper encapsulation layer 230 formed
as described above has a surface roughness satisfying a range
from 0.2 to 0.3 nm. Further, the upper encapsulation layer 230
has a refractive index in a range of 1.62 to 1.65 and a trans-
mittance higher than or equal to 97% in a wavelength of 380
to 780 nm.

[0073] Meanwhile, the upper encapsulation 230 may com-
prise not only aluminum oxide-based material but also hydro-
gen Atoms.

[0074] Inthis case, a content ratio of the hydrogen atoms to
a total number of all atoms in the upper encapsulation layer
230 may be smaller than or equal to 10 percents.

[0075] For example, the hydrogen atoms in the upper
encapsulation layer 230 may be proton (hydrogen cation; H+)
and/or hydride (Hydrogen Anion; H—) that combined with
aluminum oxide-based material.

[0076] The hydrogen atoms in the upper encapsulation
layer 230 can be impurities that degrade the performance of
an encapsulation function (prevention of oxygen or mois-
ture).

[0077] Therefore, the higher the content ratio of the hydro-
gen atoms in the upper encapsulation layer 230 becomes, the
lower the performance of the encapsulation function
becomes. In various embodiments of the present invention,
because the upper encapsulation layer 230 is formed of an
aluminum oxide-based material through Atomic Layer Depo-
sition (ALD), the content ratio of the hydrogen atoms in the
upper encapsulation layer 230 can be lowered further.
[0078] On the substrate 201 on which the upper encapsu-
lation layer 230 is formed, a barrier layer 250 is disposed to
encapsulate the substrate 201 including the organic light
emitting device (OLED).

[0079] In this event, an adhesive layer 240 is formed
between the upper encapsulation layer 230 and the bather
layer 250. The adhesive layer 240 attaches the upper encap-
sulation layer 230 and the bather layer 250 to each other.
[0080] The adhesive layer 240 may be a thermally harden-
ing or naturally hardening adhesive. For example, the adhe-
sive layer 240 is formed of a material, such as Barrier pressure
sensitive adhesive (B-PSA). It is recommended that the adhe-
sive has a WVTR (Water Vapor Transmission Rate) smaller
than or equal to 10-2 g/m2/day and a modulus (e.g. elastic
modulus) of 0.3 MPa.

[0081] The bather layer 250 may be a phase difference film
or an optically isotropic film.

[0082] When thebather layer 250 is a phase difference film,
the bather layer 250 delays the phase of light emitted from the
upper encapsulation layer 230 by 214. The phase difference
film includes a poly carbonate-based film and has a phase
difference of 138 to 148 nm.

[0083] Further, when the bather layer 250 is an optically
isotropic film, the bather layer 250 has an optical isotropy in
a range from 0 to 5 nm. As the optically isotropic film, a
PolyCarbonate (PC)-based film, a Cyclic Olefin Copoymer
(COC)-based film, and/or a Cyclic Olefin Polymer (COP)-
based film may be used.
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[0084] When the bather layer has an optical isotropy, the
bather layer allows light incident to the bartier layer to pass
through the bather layer without a phase delay.

[0085] Further, an organic layer or an inorganic layer may
be further formed onanupper surface or a lower surface of the
barrier layer. In this event, the inorganic layer may include a
silicon oxide film (SiOx) or a silicon nitride film (SiNx).
[0086] The organic layer may include a polymer material,
such as acryl-based resin, epoxy-based resin, polyimide,
polyethylene, or the like. The organic layer or inorganic layer
formed on an upper surface or lower surface of the bather
layer blocks permeation of moisture or oxygen from the out-
side.

[0087] Meanwhile, a lower adhesive layer 260 and a lower
encapsulation layer 270 are sequentially formed under the
substrate 201. The lower encapsulation layer 270 may be
formed of at least one organic material selected from the
group consisting of Polyethylene Naphthalate (PEN), Poly-
ethylene Terephthalate (PET), polyethylene ether phthalate,
polycarbonate, polyarylate, polyether imide, polyether sul-
fonate, polyimide, and polyacrylate. The lower encapsulation
layer 270 prevents permeation of moisture or oxygen into the
substrate from the outside.

[0088] The lower adhesive layer 260 is formed of a ther-
mally hardening or naturally hardening adhesive and attaches
the substrate 201 and the lower encapsulation layer 270 to
each other. For example, the lower adhesive layer 260 may be
formed of a material, such as Optically Clear Adhesive
(OCA). It is recommended that the adhesive has a WVIR
smaller than or equal to 10-2 g/m2/day and a modulus (e.g.
elastic modulus) of 0.3 Mpa.

[0089] Hereinafter, amethod of fabricating an organic light
emitting display according to various embodiments of the
present invention will be described with reference to the
drawings.

[0090] FIGS. 3A to 3C are sectional views illustrating a
method of fabricating an organic light emitting display
according to various embodiments of the present invention.
[0091] Referring to FIG. 3A, a substrate 201 is prepared
and a TFT is then formed on the substrate 201.

[0092] Inthis event, the substrate 201 is formed of a plastic
substrate having a strong heat resistance. For example, the
substrate 201 may be formed of a polyimide-based or poly-
carbonate-based material.

[0093] The TFT is formed by sequentially forming a semi-
conductor layer 202, a gate insulating layer 203, a gate elec-
trode 204, an inter-layer insulating layer 205, and source and
drain electrodes 206 and 208 on the substrate 201. Thereafter,
a protective layer 207 is formed on the entire surface of the
substrate 201 provided with the TFT formed thereon.

[0094] The semiconductor layer 202 may be formed of
poly-silicon in accordance with an embodiment. In this case,
a predetermined area of the semiconductor layer 202 may be
doped with impurities. Of course, the semiconductor layer
202 may be formed of amorphous silicon and may be formed
of various organic semiconductor materials, such as penta-
cene, in accordance with other embodiments.

[0095] When the semiconductor layer 202 is formed of
poly-silicon, the layer is first formed of amorphous silicon,
which is then crystallized into poly-silicon. For the crystalli-
zation, various methods, such as a Rapid Thermal Annealing
(RTA) process, a Metal Induced Lateral Crystallization
(MILC) method, or a Sequential Lateral Solidification (SLS)
method, may be employed.
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[0096] The gate insulating layer 203 may be formed of an
inorganic insulating material, such as silicon nitride (SiNx) or
silicon oxide (SiOx), or an organic insulating material, such
as BCB, acryl-based resin, or imide-based resin.

[0097] The gate electrode 204 may be formed of various
conductive materials. For example, the gate electrode 204
may be formed of a metal or metal alloy, e.g. Mg, Al, Ni, Cr,
Mo, W, MoW, Ay, or an alloy thereof.

[0098] The inter-layer insulating layer 205 may be formed
of an inorganic insulating material, such as silicon nitride
(SiNx) or silicon oxide (SiOx), or an organic insulating mate-
rial, such as BCB, acryl-based resin, or imide-based resin.
The inter-layer insulating layer 205 and the gate insulating
layer 203 may be selectively removed to form a contact hole
through which source and drain areas are exposed.

[0099] The source and the drain electrode 206 and 208 are
formed in a shape of a single layer or multiple layers on the
inter-layer insulating layer 205 by burying a material for the
gate electrode 204 in the contact hole. In this event, the source
and drain electrodes are electrically connected with the semi-
conductor layer.

[0100] Then, a protective layer 207 is formed to protect and
flatten the TFT. The protective layer 207 may be formed in
various types and may be formed of an inorganic insulating
material, such as silicon nitride (SiNx) or silicon oxide
(Si10x), or an organic insulating material, such as BCB, acryl-
based resin, or imide-based resin. Also, the protective layer
207 may be formed in various types, for example, may be
formed in a single layer, double layers, or multiple layers.

[0101] Thereafter, a contact hole exposing a part of the
drain electrode 208 is formed on in protective layer 207, and
a first electrode 210 electrically connected with the drain
electrode 208 of the TFT is formed through the contact hole.

[0102] The first electrode 210 may be formed of an opaque
conductive material having a high reflectance. For example,
the first electrode 210 may be formed of a metal or metal
alloy, e.g. Ag, Al, AINd, Au, Mo, W, Cr, or an alloy thereof.

[0103] Thereafter, a bank 220 is formed on the substrate
201. The bank 220 is formed on the area other than the
light-emitting area. Then, the bank 220 exposes the first elec-
trode 210 corresponding to the light-emitting area.

[0104] The bank 220 may be formed of an inorganic insu-
lating material, such as silicon nitride (SiNx) or silicon oxide
(8i0x), or an organic insulating material, such as BCB, acryl-
based resin, or imide-based resin.

[0105] An organic layer 212 is formed on the first electrode
210 exposed through the bank 220. The organic layer 212
includes a light-emitting layer and may further include an
electron injection layer, an electron transport layer, a hole
transport layer, and a hole injection layer.

[0106] Thereafter, a second electrode 214 is formed on the
entire surface of the substrate 201. The second electrode 214
1s formed of a transparent conductive material, such as ITO,
so as to emit light generated in the organic layer 212 upward
ofthe second electrode 214. The second electrode 214 may be
formed of a transparent conductive material, such as Indium
Tin Oxide (ITO) or Indium Zinc Oxide (IZO).

[0107] As a result, an Organic Light Emitting Device
(OLED) including a first electrode 210, an organic light-
emitting layer 212, and a second electrode 214 sequentially
formed on a substrate 210 having a Thin Film Transistor
(TFT) formed thereon has been formed.
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[0108] Thereafter, an upper encapsulation layer 230 is
formed by atomic layer deposition on the substrate 201
including the organic light emitting device (OLED).

[0109] The upper encapsulation layer 230 is a monolayer
formed of an inorganic material. For example, the upper
encapsulation layer may be formed of an aluminum oxide
(AIOx) or silicon (Si)-based material. When the upper encap-
sulation layer 230 is formed of an aluminum oxide, in AlOx,
the ratio between Al and O is in a range from 1:1.4 to 1:1.6.
AlOx can be expressed as AlyOz. In this case, 7y is from 1.4
to 1.6, for example A1203.

[0110] When the upper encapsulation layer 230 is formed
by atomic layer deposition, it is possible to exactly and simply
control the thickness of the upper encapsulation layer 230
while forming the upper encapsulation layer 230. For
example, a uniform and high density thin layer can be formed
using a solid precursor of the material for forming the upper
encapsulation layer 230. It is impossible to form a high den-
sity thin layer by the Chemical Vapor Deposition (CVD).
Further, use of the atomic layer deposition in forming a thin
layer enables formation of the layer at a low temperature,
which can minimize damage to the substrate. Therefore, a
thin upper encapsulation layer can be formed by the atomic
layer deposition.

[0111] Theupper encapsulation layer 230 is formed by the
atomic layer deposition to have a thickness of 20 to 50 nm.
The reason why the upper encapsulation layer 230 is formed
to have a thickness of 20 to 50 nm is that an upper encapsu-
lation layer having a thickness smaller than 20 nm reduces the
WVTR, which may allow oxygen or moisture permeating
from the outside to damage the organic light emitting device.
Further, when the upper encapsulation layer 230 is formed to
have a thickness larger than 50 nm, the density or WVTR of
the layer have no problem. However, stress applied at the time
of bending may abruptly increase to generate one or more
cracks in the upper encapsulation layer. When a crack is
generated, moisture or oxygen from the outside may perme-
ate through the crack to cause damage to the organic light
emitting device, for example, pixels may shrink.

[0112] The upper encapsulation layer 230 formed by the
atomic layer deposition as described above has a high density
0f2.7t03.0 g/cm3 and an etch rate smaller than or equal to 70
nm/min, as noted through measurement.

[0113] Further, the upper encapsulation layer 230 has a
WVTR of 5x10-2 to 1x10-4 g/m2/day, and more preferably,
a WVTR smaller than or equal to 10-2 g/m2/day. The upper
encapsulation layer 230 is located on the organic light emit-
ting device and prevents permeation of moisture or oxygen
into the substrate from the outside.

[0114] Further, the upper encapsulation layer 230 accord-
ing to various embodiments of the present invention has a
surface roughness satisfying a range from 0.2 to 0.3 nm,
which implies a uniform thin layer. Further, the upper encap-
sulation layer 230 has a refractive index in a range of 1.62 to
1.65 and a transmittance higher than or equal to 97% in a
wavelength of 380 to 780 nm.

[0115] Therefore, the upper encapsulation layer 230
according to various embodiments of the present invention
can minimize the damage to the substrate through a simple
process and can prevent oxygen or moisture from permeating
the substrate 201 from the outside to protect the substrate 201.
[0116] Thereafter, referring to FIG. 3B, an adhesive layer
240 is formed on the upper encapsulation layer 230. The
adhesive layer 240 may be formed of athermally hardening or
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naturally hardening material. For example, the adhesive layer
240 may include an epoxy-based adhesive and may be formed
of a material, such as Barrier Pressure Sensitive Adhesive
(B-PSA). It is recommended that the adhesive has a WVTR
smaller than or equal to 10-2 g/m2/day and a modulus (e.g.
elastic modulus) of 0.3 Mpa.

[0117] Thereafter, a barrier layer 250 is formed on the
adhesive layer 240. The barrier layer 250 encapsulates the
organic light emitting device. The barrier layer 250 may be
formed of a phase difference film or an optically isotropic
film.

[0118] In one or more embodiments, the phase difference
film has a central axis having an angle of 45 degrees with
respect to a polarizing plate and delays the phase of light
emitted from the upper encapsulation layer 230 by 214. The
phase difference film includes a poly carbonate-based film
and has a phase difference of 138 to 148 nm.

[0119] Further, when the barrier layer 250 is formed using
an optically isotropic film, the barrier layer 250 has an optical
isotropy in a range from 0 to 5 nm. As the optically isotropic
film, a PolyCarbonate (PC)-based film, a Cyclic Olefin
Copoymer (COC)-based film, and/or a Cyclic Olefin Polymer
(COP)-based film may be used.

[0120] When the barrier layer 250 has an optical isotropy,
the barrier layer allows light incident to the barrier layer to
pass through the barrier layer without a phase delay.

[0121] Further, an organic layer or an inorganic layer may
be further formed onan upper surface or a lower surface of the
bather layer 250. In this event, the inorganic layer may
include a silicon oxide film (SiOx) or a silicon nitride film
(SiNx). The organic layer may be formed of a polymer mate-
rial, such as acryl-based resin, epoxy-based resin, polyimide,
polyethylene, or the like. The organic layer or inorganic layer
formed on an upper surface or lower surface of the barrier
layer blocks permeation of moisture or oxygen from the out-
side.
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Poloethylene Terephthalate (PET), polyethylene ether phtha-
late, polycarbonate, polyarylate, polyether imide, polyether
sulfonate, polyimide, polyacrylate, etc. The lower encapsu-
lation layer 270 prevents permeation of moisture or oxygen
into the substrate from the downside of the substrate. The
lower encapsulation layer may be a mono-layer or a multi-
layer.

[0125] FIGS. 4 to 8 and Table 1 show the measured perfor-
mance of the upper encapsulation layer 230 of an organic
light emitting display according to various embodiments with
respect to the thickness thereof.

[0126] FIG. 4 is a graph illustrating a WVTR of the upper
encapsulation layer 230 of the organic light emitting display
according to various embodiments with respect to the thick-
ness thereof.

[0127] FIG. 5 is a graph illustrating a density of the upper
encapsulation layer 230 of the organic light emitting display
according to various embodiments with respect to the thick-
ness thereof.

[0128] FIG. 6is a graphillustrating a refractive index of the
upper encapsulation layer 230 of the organic light emitting
display according to various embodiments with respect to the
thickness thereof.

[0129] FIG. 7 is a graph illustrating stress of the upper
encapsulation layer 230 of the organic light emitting display
according to various embodiments with respect to the thick-
ness thereof.

[0130] FIG. 8 is a graph illustrating a step coverage of the
upper encapsulation layer 230 of the organic light emitting
display according to various embodiments with respect to the
thickness thereof.

[0131] Table 1 shows a WVTR, a density, a refractive
index, stress, a step coverage of the upper encapsulation layer
230 of the organic light emitting display according to various
embodiments with respect to the thickness thereof

TABLE 1

Performance according to AlOx thickness

10nm 20 nm 30 nm 40 nm 50 nm 70 nm 90 nm 100 nm
WVTR 0.0136 0.0078 0.0072 0.0064 0.0062 0.0083 0.0185 0.098
Density 2.85 291 291 292 293 2.90 2.84 2.82
(g/em?)
Refractive 1.62 1.63 1.63 1.63 1.64 1.62 1.62 1.61
index
Stress (MPa) 50 87 100 106 108 167 248 280
Step coverage 95 98 98 98 100 100 96 95
%)

[0122] Thereafter, referring to FIG. 3C, a lower adhesive [0132] Itis noted from FIGS. 4 to 8 and Table 1, the upper

layer 260 and a lower encapsulation layer 270 are sequen-
tially formed on a lower surface of the substrate 201 having
the barrier layer 250 formed thereon.

[0123] The lower adhesive layer 260 is formed of a ther-
mally hardening or naturally hardening adhesive and attaches
the substrate 201 and the lower encapsulation layer 270 to
each other. For example, the lower adhesive layer 260 may be
formed of a material, such as Optically Clear Adhesive
(OCA). It is recommended that the adhesive has a WVTR
smaller than or equal to 10-2 g/m2/day and a modulus (e.g.
elastic modulus) of 0.3 MPa.

[0124] The lower encapsulation layer 270 is attached to the
lower surface of the substrate 201. The lower encapsulation
layer 270 may be formed of Polyethylene Naphthalate (PEN),

encapsulation layer 230 has stress of 108 MPa when it has a
thickness of 50 nm and stress of 167 MPa, corresponding to
an increase of about 50%, when it has a thickness of 70 nm.
Further, it is noted that when the upper encapsulation layer
230 has a thickness of 90 nm, the stress has a value of 248
MPa, which shows a rapid increase. Therefore, when the
upper encapsulation layer 230 is formed to have a thickness
exceeding 50 nm, the likelihood of the occurrence of one or
more cracks at the time of bending increases to thereby
increase damage to the substrate. Further, the step coverage
performance of the upper encapsulation layer 230 is reduced
and the WVTR of the upper encapsulation layer 230
increases. As a result, a probability that the substrate may be
damaged increases.
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[0133] Further, when the upper encapsulation layer 230 has
a thickness smaller than or equal to 20 nm, there is no big
change in the density, refractive index, and step coverage.
Further, since the stress is low, there is no big problem at the
time of bending. However, when the upper encapsulation
layer 230 has a thickness of 10 nm, the WVTR has a value of
0.013610-2 g/m2/day, which corresponds to about a double
of the WVTR 0f0.007810-2 g/m2/day when the upper encap-
sulation layer 230 has a thickness of 20 nm. Such an increase
of the WVTR implies reduction of the function of protecting
the substrate against permeation of moisture or oxygen from
the outside. Further, when the upper encapsulation layer 230
has a thickness exceeding 50 nm, the density, refractive index,
and step coverage are degraded to degrade the upper encap-
sulation layer 230.

[0134] The above mentioned step coverage means the
extent to which substance are well-formed along step profile,
while step portion is covered by the substance, as various
layers or pattern are formed on substrate.

[0135] Further, since the upper encapsulation layer 230
formed in an aluminum oxide (AlOx) monolayer according to
various embodiments is formed by the atomic layer deposi-
tion, it can be formed as a thin layer having a thickness of 20
to 50 nm. Further, the upper encapsulation layer 230 having a
thickness of 20 to 50 nm can be used for a curved surface
display without any problem since a crack does not occur in
the layer even at the time of bending. Further, it is advanta-
geous that the upper encapsulation layer 230 has a refractive
index in a range of 1.63 to 1.64, which satisfies the standard
thereof. Further, since the upper encapsulation layer 230 has
a good density and alow WV'TR in spite of its thin thickness,
it can perform the function of protecting the OLED well.
[0136] Therefore, the upper encapsulation layer 230
according to various embodiments can reduce its thickness
while improving the bending characteristic, in comparison
with the conventional lamination of multiple organic/inor-
ganic layers on an OLED having a thickness of hundreds of
nanometers in order to minimize damage by oxygen and
moisture permeating from the outside. As a result, it is pos-
sible to provide an organic light emitting display and a fabri-
cating method thereof including an upper encapsulation layer
230 having a high density, an excellent WVTR, and a high
performance.

[0137] Hereinafter, an organic light emitting display
according to various embodiments described above and an
organic light emitting display according to the related art will
be additionally described with reference to FIGS. 9 and 10.
[0138] FIG. 9is a photograph of an organic light emitting
display according to the related art.

[0139] FIG. 10 is a photograph of an organic light emitting
display according to various embodiments.

[0140] Referringto FIG. 9, in the upper encapsulation layer
formed to have a thickness of several scores jun by laminating
silicon (Si)-based inorganic layers and epoxy and acryl-based
organic layers in multiple layers according to the related art,
acrack (A) is generated after bending, which allows perme-
ation of moisture and/or oxygen from the outside so that pixel
contraction occurs in the substrate.

[0141] In contrast, referring to FIG. 10, in an organic light
emitting display having an upper encapsulation layer formed
in a single layer of aluminum oxide (AlOx) according to
various embodiments of the present invention, there is no
generation of cracks and no damage of the substrate even after
long term (e.g. about 240-500 hours) from the bending.
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[0142] Therefore, an organic light emitting display accord-
ing to various embodiments of the present invention can
simplify the process in comparison with the related art, so as
to improve the throughput, reduce the cost, and minimize
occurrence of cracks at the time of bending.

[0143] FIG. 11 is a sectional view of an organic light emit-
ting display according to various embodiments of the present
invention. The organic light emitting display shown in FIG.
11 is similar to the organic light emitting display shown in
FIG. 2 except that a silicon (Si)-based inorganic layer is
additionally formed on an upper encapsulation layer. Thus,
repetitive descriptions will be omitted.

[0144] Referring to FIG. 11, a semiconductor layer 1102, a
gate insulating layer 1103, a gate electrode 1104, an inter-
layer insulating layer 1105, and source and drain electrodes
1106 and 1108 are sequentially formed on a substrate 1101 to
form the TFT, and a protective layer 1107 is formed on the
substrate 1101 on which the TFT is formed.

[0145] In this event, the substrate 1101 may be a plastic
substrate having a strong heat resistance and may be formed
of a polyimide-based material or a polycarbonate-based
material.

[0146] An Organic Light Emitting Device (OLED)
includes a first electrode 1110 formed on the protective layer
1107, an organic layer 1112 including a light-emitting layer
formed on the first electrode 1110, and a second electrode
1114 formed on the organic layer 1112.

[0147] An upper encapsulation layer 1130, which is an
inorganic monolayer consisting of aluminum oxide (A1Ox),
1s formed on the Organic Light Emitting Device (OLED).
[0148] A silicon-based inorganic layer 1135 is formed on
the upper encapsulation layer 1130. The silicon-based inor-
ganic layer may be a silicon oxide film (8i0x) or a silicon
nitride film (SiNx).

[0149] Theupper encapsulation layer 1130 and the silicon-
based inorganic layer 1135 are formed by atomic layer depo-
sition.

[0150] Theupper encapsulation layer 1130 has a thickness
of 20 to 50 nm. When the upper encapsulation layer 1130 has
a thickness exceeding 50 nm, its bending characteristic is
degraded to allow permeation of moisture and oxygen to
damage the substrate. When it has a thickness smaller than 20
nm, the WVTR decreases to thereby degrade the function of
preventing permeation of moisture and oxygen into the sub-
strate.

[0151] It is recommendable, in consideration of the bend-
ing characteristic, that the sum of thicknesses of the upper
encapsulation layer 1130 and the silicon-based inorganic
layer 113515 0.02 to 3 pm.

[0152] An adhesive layer 1140 and a barrier layer 1150 are
sequentially formed on the silicon-based inorganic layer.
[0153] The adhesive layer 1140 may be a thermally hard-
ening or naturally hardening adhesive and blocks moisture
and oxygen introduced from the outside. For example, the
adhesive layer 1140 may be formed of Barrier pressure sen-
sitive adhesive (B-PSA). It is recommended that the adhesive
has a WVTR smaller than or equal to 10-2 g/m2/day and a
modulus (e.g. elastic modulus) of 0.3 MPa.

[0154] The barrier layer 1150 may include a phase differ-
ence film or an optically isotropic film.

[0155] Meanwhile, alower adhesive layer 1160 and a lower
encapsulation layer 1170 are sequentially formed under the
substrate 1101. The lower adhesive layer 1160 and the lower
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encapsulation layer 1170 prevent permeation of moisture or
oxygen into the substrate from the outside.

[0156] The lower adhesive layer 1160 may be a thermally
hardening or naturally hardening adhesive. For example, the
lower adhesive layer 1160 may be formed of a material, such
as Optically Clear Adhesive (OCA). It is recommended that
the adhesive has a WVTR smaller than or equal to 10-2
g/m2/day and a modulus of 0.3 MPa.

[0157] FIGS. 12A to 12C are sectional views illustrating a
method of fabricating an organic light emitting display
according to various embodiments of the present invention.

[0158] Referring to FIG. 12A, a substrate 1101 is formed of
a plastic substrate having a strong heat resistance. For
example, the substrate 1101 may be formed of a polyimide-
based or polycarbonate-based material.

[0159] The TFT is formed by sequentially forming a semi-
conductor layer 1102, a gate insulating layer 1103, a gate
electrode 1104, an inter-layer insulating layer 1105, and
source and drain electrodes 1106 and 1108 on the substrate
1101. Thereafter, a protective layer 1107 is formed on the
entire surface of the substrate 1101 provided with the TFT
formed thereon.

[0160] Thereafter, a contact hole exposing a part of the
drain electrode 1108 is formed in the protective layer 1107,
and a first electrode 1110 electrically connected with the
drain electrode 1108 ofthe TFT is formed through the contact
hole.

[0161] Thereafter, a bank 1120 is formed on the substrate
1101. The bank 1120 is formed on the area other than the
light-emitting area. Then, the bank 1120 exposes the first
electrode 1110 corresponding to the light-emitting area.

[0162] Thereafter, an organic layer 1112 including a light-
emitting layer is formed on the exposed first electrode 1110.
The organic layer 1112 includes a light-emitting layer and
may further include an electron injection layer, an electron
transport layer, a hole transport layer, and a hole injection
layer. Thereafter, a second electrode 1114 is formed on the
entire surface of the substrate 1101.

[0163] As a result, an Organic Light Emitting Device
(OLED) including the first electrode 1110, the organic light-
emitting layer 1112, and the second electrode 1114 sequen-
tially formed on the substrate 1101 having a Thin Film Tran-
sistor (TFT) formed thereon has been formed.

[0164] Thereafter, an upper encapsulation layer 1130 is
formed by atomic layer deposition on the substrate 1101
including the organic light emitting device (OLED).

[0165] The upper encapsulation layer 1130 is an inorganic
layer and is formed in a single layer by using aluminum oxide
(AlOx). In this event, the ratio between Al and O in the
aluminum oxide (AlOx) is in a range from 1:1.4 10 1:1.6.
AlOx can be expressed as AlyOz. In this case, z/y is from 1.4
to 1.6, for example A1203.

[0166] When the upper encapsulation layer 1130 is formed
by atomic layer deposition, it is possible to exactly and simply
control the thickness of the upper encapsulation layer 1130
while forming the upper encapsulation layer 1130. For
example, auniform and high density thin layer can be formed
using a solid precursor of the material for forming the upper
encapsulation layer 1130. It is impossible to form a high
density thin layer by the Chemical Vapor Deposition (CVD).
Further, use of the atomic layer deposition in forming a thin
layer enables formation of the layer at a low temperature,
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which can minimize damage to the substrate. Therefore, a
thin upper encapsulation layer can be formed by the atomic
layer deposition.

[0167] Theupperencapsulation layer 1130 is formed by the
atomic layer deposition to have a thickness of 20 to 50 nm.
The reason why the upper encapsulation layer 1130 is formed
to have a thickness of 20 to 50 nm is that an upper encapsu-
lation layer having a thickness smaller than 20 nm reduces the
WVTR, which may allow oxygen or moisture permeating
from the outside to damage the organic light emitting device.
Further, when the upper encapsulation layer 1130 is formed to
have a thickness larger than 50 nm, the density or WVTR of
the layer have no problem. However, stress applied at the time
of bending may abruptly increase to generate one or more
cracks in the upper encapsulation layer. When a crack is
generated, moisture or oxygen from the outside may perme-
ate through the crack to cause damage to the organic light
emitting device, for example, pixels may shrink.

[0168] The upper encapsulation layer 1130 formed by the
atomic layer deposition as described above has a high density
0f2.7t03.0 g/cm3 and an etch rate smaller than or equal to 70
nm/min, as noted through measurement.

[0169] A silicon-based inorganic layer 1135 is formed on
the upper encapsulation layer 1130. The silicon-based inor-
ganic layer 1135 is also formed by atomic layer deposition.
[0170] Theupper encapsulation layer 1130 and the silicon-
based inorganic layer 1135 are formed so that that a sum of
their thicknesses is in a range of 0.02 to 5 pm.

[0171] Thereafter, referring to FIG. 12B, an adhesive layer
1140 is formed on the silicon-based inorganic layer 1135. The
adhesive layer 1140 may be formed of a thermally hardening
or naturally hardening material. For example, the adhesive
layer 1140 may be formed of Barrier pressure sensitive adhe-
sive (B-PSA). It is recommended that the adhesive has a
WVTR smaller than or equal to 10-2 g/m2-day and a modulus
(e.g. elastic modulus) of 0.3 MPa.

[0172] Thereafter, a barrier layer 1150 is formed on the
adhesive layer 1140. The barrier layer 1150 may be formed of
a phase difference film or an optically isotropic film.

[0173] In one or more embodiments, the phase difference
film has a central axis having an angle of 45 degrees with
respect to a polarizing plate and delays the phase of light
emitted from the upper encapsulation layer 1130 by 214. The
phase difference film includes a poly carbonate-based film
and has a phase difference of 138 to 148 nm.

[0174] Further, when the barrier layer 1150 is formed using
an optically isotropic film, the barrier layer 250 has an optical
isotropy in a range from 0 to 5 nm. As the optically isotropic
film, a PolyCarbonate (PC)-based film, a Cyclic Olefin
Copoymer (COC)-based film, and/or a Cyclic Olefin Polymer
(COP)-based film may be used.

[0175] When the barrier layer 1150 has an optical isotropy,
the barrier layer allows light incident to the barrier layer to
pass through the barrier layer without a phase delay.

[0176] Also, an organic layer or an inorganic layer may be
further formed on an upper surface or a lower surface of the
barrier layer 1150. In this event, the inorganic layer may
include a silicon oxide film (SiOx) or a silicon nitride film
(SiNx). The organic layer may be formed of a polymer mate-
rial, such as acryl-based resin, epoxy-based resin, polyimide,
polyethylene, or the like. The organic layer or inorganic layer
formed on an upper surface or lower surface of the barrier
layer blocks permeation of moisture or oxygen from the out-
side.
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[0177] Thereafter, referring to FIG. 12C, a lower adhesive
layer 1160 and a lower encapsulation layer 1170 are sequen-
tially formed on a lower surface of the substrate 1101 having
the barrier layer 1150 formed thereon.

[0178] The lower adhesive layer 1160 is formed of a ther-
mally hardening or naturally hardening adhesive and attaches
the substrate 1101 and the lower encapsulation layer 1170 to
each other. For example, the lower adhesive layer 1160 may
be formed of a material, such as Optically Clear Adhesive
(OCA).

[0179] The lower encapsulation layer 1170 is attached to
the lower surface of the substrate 1101. The lower encapsu-
lationlayer 1170 may be formed of Polyethylene Naphthalate
(PEN), Polyethylene Terephthalate (PET), polyethylene
ether phthalate, polycarbonate, polyarylate, polyether imide,
polyether sulfonate, polyimide, polyacrylate, etc. The lower
encapsulation layer 1170 prevents permeation of moisture or
oxygen into the substrate from the downside of the substrate.
The lower encapsulation layer may be a mono-layer or a
multi-layer.

[0180] Although various embodiments of the present
invention are described above, the present invention is not
limited to them.

[0181] Inthe embodiments described above, another layer,
such as a polarizing layer, may be additionally formed on the
barrier layer. In some embodiments, an additional layer
formed of an organic material or an inorganic material may be
formed between the upper encapsulation layer and the barrier
layer.

[0182] Although a TFT or a top gate type TFT has been
described in the above embodiments, the present invention
may employ a bottom gate type TFT or various types of
modified TFTs.

[0183] Although the light-emitting material of the light-
emitting layer included in the organic layer is an organic
material in the embodiments described above, a quantum dot,
such as a graphene quantum dot, may be employed as the
light-emitting material of the light-emitting layer. In a broad
sense, a display/display device including a quantum dot as the
light-emitting layer can be included in the organic light emit-
ting display/display device in the present specification.
[0184] Further, the terms “includes”, “constitutes”, or
“has” mentioned above mean that a corresponding structural
element is included unless they have no reverse meaning.
Accordingly, it should be interpreted that the terms may not
exclude but further include other structural elements. All the
terms that are technical, scientific or otherwise agree with the
meanings as understood by a person skilled in the art unless
defined to the contrary. Common terms as found in dictionar-
ies should be interpreted in the context of the related technical
writings not too ideally or impractically unless the present
disclosure expressly defines them so.

[0185] While the technical spirit of the present invention
has been exemplarily described, it will be understood by a
person skilled in the art that the present invention may be
changed and modified in various forms without departing
from the scope of the present invention. Accordingly, the
embodiments disclosed in the present invention are merely to
not limit but describe the technical spirit of the present inven-
tion. Further, the scope of the technical spirit of the present
invention is limited by the embodiments. The scope of the
present invention should be interpreted by claims attached
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thereto, and it should be interpreted that all technical spirits
within the scope equivalent to the claims pertains to the scope
of the present invention.
What is claimed is:
1. An organic light emitting display comprising:
an organic light emitting device (OLED) including a first
electrode, an organic layer including a light-emitting
layer, and a second electrode, which are sequentially
formed on a substrate having a Thin Film Transistor
(TFT) formed on the substrate; and

an upper encapsulation layer, which is formed of an alu-
minum oxide-based material, is formed in a single layer,
and is disposed on the substrate on which the organic
light emitting device (OLED) is formed,

wherein a water vapor transmission rate of the upper

encapsulation layer is smaller than or equal to 1072
g/m*/day.

2. The organic light emitting display of claim 1, further
comprising:

an adhesive layer disposed on the upper encapsulation

layer; and

a barrier layer disposed on the adhesive layer and encap-

sulating the organic light emitting device (OLED).

3. The organic light emitting display of claim 1, wherein
the upper encapsulation layer has a thickness of 20 to 50 nm.

4. The organic light emitting display of claim 1, wherein
the upper encapsulation layer comprises hydrogen atoms.

5. The organic light emitting display of claim 4, wherein a
content ratio of the hydrogen atoms to a total number of all
atoms in the upper encapsulation layer is smaller than or equal
to 10 percents.

6. The organic light emitting display of claim 1, wherein
the upper encapsulation layer has a radius of curvature
smaller than or equal to 10 mm in bending.

7. The organic light emitting display of claim 1, wherein a
ratio between Al and O in the aluminum oxide-based material
is in a range from 1:1.4 to 1:1.6.

8. The organic light emitting display of claim 1, further
comprising a silicon-based inorganic layer formed on an
upper surface or a lower surface of the upper encapsulation
layer.

9. The organic light emitting display of claim 8, wherein a
sum of thickness of the silicon-based inorganic layer and the
upper encapsulation layer is 0.02 to 3 pm.

10. The organic light emitting display of claim 2, wherein
the barrier layer comprises an optically isotropic film or a
phase difference film.

11. The organic light emitting display of claim 2, further
comprising an inorganic layer or an organic layer formed on
an upper surface or a lower surface of the bather layer.

12. The organic light emitting display of claim 1, wherein
the substrate is formed of a polyimide-based material or a
polycarbonate-based material.

13. The organic light emitting display of claim 12, further
comprising a lower encapsulation layer formed of at least one
organic material selected from the group consisting of Poly-
ethylene Naphthalate (PEN), Polyethylene Terephthalate
(PET), polyethylene ether phthalate, polycarbonate, polyary-
late, polyether imide, polyether sulfonate, polyimide, and
polyacrylate on a lower surface of the substrate.
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