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the color filter. A buffer layer for reducing step difference is
disposed on the overcoating layer. The buffer layer has a
higher refractive index than the overcoating layer and reduces
astep difference caused by the plurality of protrusions and the
plurality of recesses. An organic light emitting element
including an anode, an organic light emitting layer, and a
cathode is disposed on the buffer layer. Since the buffer layer
has a higher refractive index than the overcoating layer, light
extraction efliciency can be increased.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thisapplicationclaims the priority of Korean Patent
Application No. 10-2014-0079457 filed on Jun. 27,2014 and
Korean Patent Application No. 10-2014-0150652 filed on
Oct. 31, 2014 in the Korean Intellectual Property Office, both
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present disclosure relates to an organic light
emitting display device and a method for manufacturing the
same, and more particularly, to an organic light emitting
display device improved in light extraction efficiency and a
method for manufacturing the same.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device is a self-
light emitting display that does not need a separate light
source, like a liquid crystal display device which needs a
backlight. Thus, the organic light emitting display device can
be manufactured into a light-weight and thin form. Further,
the organic light emitting display device is advantageous in
terms of power consumption since it is driven with a low
voltage. Also, the organic light emitting display device has
excellent color reproduction ability, a high response speed, a
wide viewing angle, and ahigh contrast ratio (CR). Therefore,
the organic light emitting display device has been developed
as a next-generation display device.

[0006] The light emitted from an organic light emitting
layer of the organic light emitting display device passes
through various elements of the organic light emitting display
device and outputs from the organic light emitting display
device. However, some of the light emitted from the organic
light emitting layer cannot properly output from the organic
light emitting display device and may be confined within the
organic light emitting display device. Thus, the organic light
emitting display device may have a problem with light extrac-
tion efficiency. In order to improve light extraction efficiency
of the organic light emitting display device, a method of
attaching a micro lens array (MLA) to an outer side of a
substrate of the organic light emitting display device has been
used.

SUMMARY

[0007] Accordingly, the present invention is directed to an
organic light emitting display device and method for manu-
facturing the same that substantially obviates one or more of
the problems due to limitations and disadvantages of the
related art.

[0008] An object of the present invention is to provide an
organic light emitting display device in a bottom-emission
structure having improved light extraction efficiency when a
micro lens array (MLA) is attached to an outer side of a
substrate.

[0009] Another object of the present disclosure is to pro-
vide an organic light emitting display device improved in
device efficiency by improving light extraction efficiency
without deteriorating image or image quality and a method
for manufacturing the same.
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[0010] Another object of the present disclosure is to pro-
vide an organic light emitting display device further increased
in life by improving light extraction efficiency and a method
for manufacturing the same.

[0011] 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. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0012] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, an organic light emitting dis-
play device comprises an overcoating layer having a plurality
of protrusions or a plurality ofrecesses; and a buffer layer for
reducing step differences. A color filter is disposed on a
substrate. The overcoating layer is disposed on the color filter
and includes a plurality of protrusions or a plurality of
recesses. The plurality of protrusions and the plurality of
recesses are disposed on the color filter so as to be overlapped
with the color filter. The buffer layer is disposed on the over-
coating layer. The buffer layer has a higher refractive index
than the overcoating layer and reduces a step difference
caused by the plurality of protrusions and the plurality of
recesses. An organic light emitting element including an
anode, an organic light emitting layer, and a cathode is dis-
posed on the buffer layer. Since the buffer layer for reducing
step differences having a higher refractive index than the
overcoating layer is disposed between the overcoating layer
and the anode, the light emitted from the organic light emit-
ting layer is concentrate in a total reflection critical angle in
both of an ITO mode and a substrate mode, enabling multiple
reflection of the light. Thus, light extraction efficiency can be
increased. Further, since the plurality of protrusions and the
plurality of recesses of the overcoating layer are disposed so
as to be overlapped with the color filter and disposed between
the anode and the color filter, a blurring phenomenon and a
ghost phenomenon can be removed and light interference
caused by a circular polarizer can also be removed. Further,
since the buffer layer for reducing the step difference (or other
structural unevenness) is used, it is possible to suppress a
short (or other electrical problem) between the anode and the
cathode disposed on the overcoating layer.

[0013] In another aspect, an organic light emitting display
device comprises: a plurality of edge-cut recesses and a filling
layer. A color filter is disposed on a substrate. An overcoating
layer is disposed on the color filter and includes the plurality
of edge-cut recesses. The plurality of edge-cut recesses is
disposed on the color filter so as to be overlapped with the
color filter and exposes portions of the color filter. The filing
layer is disposed on the overcoating layer. The filling layer
has a higher refractive index than the overcoating layer and
fills at least a part of the inside of the plurality of edge-cut
recesses. Each of the plurality of edge-cut recesses has an
inclined and curved side surface. An organic light emitting
element including an anode, an organic light emitting layer,
and a cathode is disposed on the filling layer. Since the filling
layer disposed between the overcoating layer and the anode
has a higher refractive index than the overcoating layer, it is
possible to reduce lights emitted from the organic light emit-
ting layer to be confined in an ITO mode and a substrate
mode. Further, since the plurality of edge-cut recesses are
disposed so as to expose the color filter, light extraction effi-
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ciency in the ITO mode can be improved. Furthermore, since
the filling layer fills at least a part of the inside of the plurality
of edge-cut recesses, the anode, the organic light emitting
layer, and the cathode disposed on the filling layer can be
disposed to have an embossed structure. Thus, current effi-
ciency, driving voltage, and power efficiency of the organic
light emitting display device can be improved.

[0014] In another aspect, a method for manufacturing an
organic light emitting display device including an overcoat-
ing layer having a plurality of recesses and a buffer layer for
reducing step differences. The method for manufacturing an
organic light emitting display device comprises: forming a
color filter on a substrate; forming an overcoating layer
including a plurality of protrusions or a plurality of recesses
disposed on the color filter to be overlapped with the color
filter; forming a buffer layer for reducing step differences (or
other structural unevenness), which has a higher refractive
index than the overcoating layer and reduces a step difference
caused by the plurality of protrusions or the plurality of
recesses, on the overcoating layer; and forming an organic
light emitting element by laminating an anode, an organic
light emitting layer, and a cathode in sequence on the buffer
layer. Since the buffer layer is formed on the overcoating
layer, it is possible to prevent a short between the anode and
the cathode formed on the overcoating layer.

[0015] In another aspect, an organic light emitting display
device comprises an organic light emitting element having a
shape resembling a morphology of a non-flat surface. A color
filter is disposed on a substrate. An overcoating layer is dis-
posedon the color filter and includes a plurality of protrusions
or a plurality of recesses disposed to be overlapped with the
color filter. The organic light emitting element is disposed on
the overcoating layer and in direct contact with a non-flat
surface of the overcoating layer. The organic light emitting
element includes an anode, an organic light emitting layer on
the anode, and a cathode on the organic light emitting layer.
Each of the anode, the organic light emitting layer, and the
cathode has a shape resembling a morphology of the non-flat
surface of the overcoating layer.

[0016] 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

[0017] 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:

[0018] FIG. 1A is a cross-sectional view provided to
describe an organic light emitting display device including an
overcoating layer having a plurality of recesses and a buffer
layer forreducing a step difference according to an exemplary
embodiment of the present disclosure;

[0019] FIG. 1B is an enlarged cross-sectional view of an
area X of FIG. 1a;

[0020] FIG. 1C is an enlarged cross-sectional view pro-
vided to describe shapes different from those of FIG. 1B of
the overcoating layer and the buffer layer for reducing a step
difference in the organic light emitting display device accord-
ing to an exemplary embodiment of the present disclosure;
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[0021] FIG. 1D is an enlarged cross-sectional view pro-
vided to describe an additional insulation layer of the organic
light emitting display device according to an exemplary
embodiment of the present disclosure;

[0022] FIG. 1E is a cross-sectional view provided to
describe the organic light emitting display device including
an overcoating layer having a plurality of protrusions and a
buffer layer for reducing a step difference according to an
exemplary embodiment of the present disclosure;

[0023] FIG. 2A is a cross-sectional view provided to
describe an organic light emitting display device including a
plurality of edge-cut recesses and a filling layer according to
an exemplary embodiment of the present disclosure;

[0024] FIG. 2B is an enlarged cross-sectional view of an
area X of FIG. 2a;

[0025] FIG. 3isacross-sectional view provided to describe
an organic light emitting display device that does not include
a buffer layer for reducing the step difference according to an
exemplary embodiment;

[0026] FIG. 4 is a flowchart provided to describe a method
for manufacturing an organic light emitting display device
including an overcoating layer having a plurality of recesses
and a buffer layer for reducing a step difference according to
an exemplary embodiment of the present disclosure;

[0027] FIG. 5A to FIG. SF are process cross-sectional
views provided to describe an organic light emitting display
device including an overcoating layer having a plurality of
recesses and a buffer layer for reducing a step difference
according to an exemplary embodiment of the present disclo-
sure; and

[0028] FIG. 6 is a graph showing current efficiency
enhancement of an organic light emitting display device
depending on an aspect ratio of an overcoating layer having a
plurality of recesses according to an exemplary embodiment
of the present disclosure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0029] 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 invention,
and the present disclosure will be defined by the appended
claims.

[0030] 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.

[0031] 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.

[0032] Throughout the whole specification, the same refer-
ence numerals denote the same elements.
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[0033] 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.
[0034] 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
having ordinary skill in the art, and the embodiments can be
carried outindependently of or in association with each other.
[0035] Hereinafter, various exemplary embodiments of the
present disclosure will be described in detail with reference to
the accompanying drawings.

[0036] A bottom-emission organic light emitting display
device refers to an organic light emitting display device in
which the light emitted from an organic light emitting ele-
ment is released to a bottom side of the organic light emitting
display device. It also means an organic light emitting display
device in which the light emitted from an organic light emit-
ting element is released in a direction toward a bottom surface
of a substrate on which a thin film transistor for driving the
organic light emitting display device is formed. The light
emitted from an organic light emitting layer of a bottom-
emission organic light emitting display device can be roughly
classified into an ITO/organic mode (hereinafter, referred to
as “ITO mode™), a substrate mode, and an air mode on the
basis of a light propagation path. The air mode refers to the
light extracted to the outside of the organic light emitting
display device, among lights emitted from the organic light
emitting layer; the substrate mode refers to the light confined
within the organic light emitting display device due to total
reflection or light absorption on the substrate, among lights
emitted from the organic light emitting layer; and the ITO
mode refers to the light confined within the organic light
emitting display device due to total reflection or light absorp-
tion on an anode generally formed of ITO, among lights
emitted from the organic light emitting layer. In the bottom-
emission organic light emitting display device, lights con-
fined within the organic light emitting display device as the
ITO mode account for about 50% of lights emitted from the
organic light emitting layer. Also, lights confined within the
organic light emitting display device as the substrate mode
account for about 30% of the lights emitted from the organic
light emitting layer. Thus, the lights accounting for about 80%
of the lights emitted from the organic light emitting layer are
confined within the organic light emitting display device and
only lights accounting for about 20% are extracted to the
outside. Therefore, the improvement in light extraction effi-
ciency of an organic light emitting display device is a very
important line of research.

[0037] Inordertosolvethe light extraction efficiency prob-
lem of the organic light emitting display device, there is a
technique for improving light extraction efficiency by attach-
ing a micro lens array (MLA) to an outer side of a substrate
and extracting the light total-reflected by a difference in
refractive index between the substrate and air to the outside.
[0038] However, if an MLA is attached to the outer side of
the substrate, since the thickness of the substrate is generally
much greater than a distance between the substrate and an
anode, the light emitted from a specific pixel may be extracted
to the outside of the substrate through an MLA positioned in
a region other than for that specific pixel, which may cause a
blurring phenomenon and/or a ghost phenomenon. Further,
even when an MLA is attached to the entire outer surface of
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the substrate, the light emitted from a specific pixel may be
extracted to the outside of the substrate through an MLA
positioned in a region other than for that specific pixel, which
may cause a blurring phenomenon and/or a ghost phenom-
enon. Furthermore, a circular polarizer is used in an organic
light emitting display device to reduce external light reflec-
tion, and if an MLA is attached to an outer side of the organic
light emitting display device, the light reflected from the
MLA into the organic light emitting display device passes
through the circular polarizer, and thus, light is undesirably
attenuated, which causes a decrease in overall light extraction
efficiency. In addition, if an MLA is attached to an outer side
of the substrate, among the light confined within the organic
light emitting display device, only the substrate mode light,
but not the ITO mode light, can be extracted.

[0039] Accordingly, to solve the above-described problems
which may occur when an MLA is attached to an outer side of
a substrate, the inventors of the present disclosure provide a
new structure capable of improving light extraction efficiency
of a bottom-emission organic light emitting display device.
Examples will be described herein.

[0040] FIG. 1A is a cross-sectional view provided to
describe an organic light emitting display device including an
overcoating layer having a plurality of recesses and a buffer
layer for reducing step differences according to an exemplary
embodiment of the present disclosure. FIG. 1B is an enlarged
cross-sectional view of an area X of FIG. 1A. With reference
to FIG. 1A and FIG. 1B, an organic light emitting display
device 100A includes a substrate 110A, a thin film transistor
120A, a color filter 150A, an overcoating layer 160A, a buffer
layer forreducing a step difference 170 A, and an organic light
emitting element 140A. The organic light emitting display
device 100A illustrated in FIG. 1a and F1G. 15 is of a bottom-
emission type.

[0041] The thin film transistor 120A including a gate elec-
trode 121A, an active layer 122A, a source electrode 123 A,
and a drain electrode 124A is formed on the substrate 110A
formed of an insulation material. To be specific, the gate
electrode 121A is formed on the substrate 110A, a gate insu-
lation layer 131A for insulating the gate electrode 121A from
the active layer 122A is formed on the gate electrode 121A
and the substrate 110A, the active layer 122A is formed on the
gate insulation layer 131 A, an etch stopper 132A is formed on
the active layer 122A, and the source electrode 123A and the
drain electrode 124 A are formed on the active layer 122A and
the etch stopper 132A. The source electrode 123A and the
drain electrode 124A are electrically connected with the
active layer 122A as being in contact with the active layer
122A, and are formed on some areas of the etch stopper 132A.
In the present specification, among various thin film transis-
tors which can be included in the organic light emitting dis-
play device 100A, only a driving thin film transistor is illus-
trated for convenience in explanation. Further, in the present
specification, the thin film transistor 120A is described as
having an inverted staggered structure, but a thin film transis-
tor having a coplanar structure may also be used.

[0042] A passivation layer 133A is formed on the thin film
transistor 120A, and a color filter 150A is formed on the
passivation layer 133 A. The color filter 150A is configured to
convert a color of light emitted from an organic light emitting
layer 142A, and may be one of a red color filter, a green color
filter, and a blue color filter. The color filter 150A may be
formed of a material having a refractive index of about 1.5. If
the color filter 150A is a red color filter, FIG. 1A illustrates a
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red pixel area of the organic light emitting display device
100A. If the color filter 150A is a green color filter, FIG. 1A
illustrates a green pixel area of the organic light emitting
display device 100A. And if the color filter 150A is a blue
color filter, FIG. 1A illustrates a blue pixel area of the organic
light emitting display device 100A.

[0043] The color filter 150A is formed on the passivation
layer 133A at a position corresponding to a light emitting
area. Herein, the light emitting area refers to an area where the
organic light emitting layer 142 emits light using an anode
141A and a cathode 143 A. The color filter 150A is formed at
the position corresponding to the light emitting area, which
means that the color filter 150A is disposed so as to suppress
a blurring phenomenon and a ghost phenomenon caused by
mixing of lights emitted from adjacent light emitting areas.
For example, the color filter 150A is formed so as to be
overlapped with a light emitting area, and specifically, has a
size equal to or smaller than a size of the light emitting area.
However, a position and a size of the color filter 150A can be
determined by various factors including not only a size and a
position of a light emitting area but also a distance between
the color filter 150A and the anode 141 A, a distance between
the color filter 150A and a recess 161A or a protrusion 163E
of the overcoating layer 160A, and a distance between light
emitting areas.

[0044] The overcoating layer 160A is formed on the color
filter 150A and the passivation layer 133A. The overcoating
layer 160A is formed of an insulation material having a
refractive index of about 1.5, and may be formed ofone of, for
example, but not limited thereto, acryl-based resin, epoxy-
based resin, phenol resin, polyamide-based resin, polyimide-
based resin, unsaturated polyester-based resin, polyphe-
nylene-based resin, polyphenylenesulfide-based resin,
benzocyclobutene, and photoresist. The overcoating layer
160A may be formed of any insulation material having a
refractive index of about 1.5.

[0045] The overcoating layer 160A includes a plurality of
recesses 161 A formed so as to be overlapped with the color
filter 150A and a first connection part 162 configured to
connect the adjacent recesses 161 A. Each of the plurality of
recesses 161 A has a hemispherical shape or a hemi-ellipsoi-
dal shape. FIG. 1A and FIG. 1B are cross-sectional views of
a portion where each of the plurality of recesses 161 A has the
maximum height of a hemispherical shape or a hemi-ellip-
soidal shape, and illustrate each of the plurality of recesses
161A as having a hemispherical shape. Referring to FIG. 1B,
a diameter 2R of each of the plurality of recesses 161A is
about 1 pum to about 5 um, and a height D is about 1 pm to
about 4 um. With reference to FIG. 1B, the first connection
part 162A is the highest part between the adjacent recesses
161A. At a portion where the plurality of recesses 161A is not
formed, the overcoating layer 160A serves as a planarization
layer.

[0046] Thebuffer layer for reducing a step difference 170A
is formed on the overcoating layer 160A. The buffer layer
170A is formed of a material having a higher refractive index
than the overcoating layer 160A. The buffer layer 170A may
have a refractive index of about 1.7 to about 2.0. To be
specific, the buffer layer 170A may be a layer in which nano-
particles each having a size of several tens of nm and formed
of titanium oxide (TiO,) or zirconium oxide (ZrO,) having a
higher refractive index than a polymer binder are dispersed in
the polymer binder. Or, nanoparticles may be dispersed in a
layer in which nanoparticles formed of titanium oxide (Ti0,)
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or zirconium oxide (Zr0,) having a higher refractive index
than photoresist are dispersed in the photoresist.

[0047] Thebuffer layer for reducing a step difference 170A
is configured to reduce such step difference caused by the
plurality of recesses 161A of the overcoating layer 160A.
That is, the buffer layer 170A is configured to partially fill
recessed areas of the plurality of recesses 161A of the over-
coating layer 160A in order to prevent the organic light emit-
ting element 140A from being formed at a peaky point
between the plurality of recesses 161A of the overcoating
layer 160A and at a sharply inclined point between the plu-
rality of recesses 161A. In other words, the buffer layer 170A
can reduce the curvature of a surface on which the organic
light emitting element 140A is formed.

[0048] The surface where the organic light emitting ele-
ment 140A is disposed may be a top surface ofthe buffer layer
for reducing the step difference 170A. The surface of the
buffer layer 170A is a gently inclined non-flat surface. Thus,
the organic light emitting element 140A is formed on the
gently inclined non-flat surface.

[0049] Referring to FIG. 1B, in order to reduce a step dif-
ference caused by the plurality of recesses 161A, the buffer
layer for reducing the step difference 170A on the recess
161A of the overcoating layer 160A is formed so as to have
thickness h, greater than thickness h, of the buffer layer 170 A
on the first connection part 162A of the overcoating layer
160A.

[0050] Referring to FIG. 1A and FIG. 1B, the buffer layer
for reducing the step difference 170A is formed so as to have
anon-flat top surface. That is, since a top surface of the buffer
layer 170A formed on the recess 161A of the overcoating
layer 160A is on a different plane from a top surface of the
buffer layer 170A formed on the first connection part 162A of
the overcoating layer 160A, the top surface of the buffer layer
170A is formed to be non-flat. Therefore, the organic light
emitting element 140A is formed on the gently inclined non-
flat surface.

[0051] The organic light emitting element 140A including
the anode 141A, the organic light emitting layer 142A, and
the cathode 143A and the bank 136 A are formed on the buffer
layer forreducing the step difference 170A. To be specific, the
anode 141A for supplying holes to the organic light emitting
layer 142A is formed on the top surface of the buffer layer
170A. The organic light emitting layer 142A is formed on the
anode 141A, and the cathode 143 A for supplying electrons to
the organiclight emitting layer 142A is formed on the organic
light emitting layer 142A. The anode 141A, the organic light
emitting layer 142A, and the cathode 143 A are formed along
anon-flat top surface of the organic light emitting layer 142A
and thus have non-flat top and bottom surfaces. For example,
if the anode 141A, the organic light emitting layer 142A, and
the cathode 143 A are formed by deposition, each of the anode
141A, the organic light emitting layer 142A, and the cathode
143A is formed to have a shape resembling a morphology of
a surface on which each of the anode 141 A, the organic light
emitting layer 142A, and the cathode 143A is formed. The
anode 141A is formed of a transparent conductive oxide, such
as ITO, having a high work function, and the cathode 143A is
formed of a metallic material having a low work function. In
the present specification, since the organic light emitting dis-
play device 1004 is of a bottom-emission type, the metallic
material constituting the cathode 143A needs to have an
excellent reflectivity.
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[0052] As the image resolution of an organic light emitting
display device increases, the size of each pixel of the organic
light emitting display device decreases and thus the total
number of pixels increases. Therefore, in a high-resolution
organic light emitting display device, there is an increase in
power required to emit light having the same luminance as a
relatively low-resolution organic light emitting display
device, and there may be a problem with the life of an organic
light emitting element. Accordingly, in the organic light emit-
ting display device 100A according to an exemplary embodi-
ment of the present disclosure, the organic light emitting layer
142A is formed to have the non-flat top and bottom surfaces.
Thus, the organic light emitting layer 142A has an increased
light emitting area as compared with the planarized organic
light emitting layer 142. Therefore, a voltage and a current
required to emit light having the same luminance may be
decreased and power may also be decreased, and the life of
the organic light emitting element 140A may be increased.
[0053] Among the cathodes 143 A of the organic light emit-
ting element 140A, the cathode 143A formed on the recess
161A of the overcoating layer 160A has an aspect ratio of
about 0.5 or more to about 0.7 or less. Referring to FIG. 1B,
the aspect ratio of the cathode 143A means a value obtained
by dividing a height M of the cathode 143A formed on the
recess 161 A by a radius N of the cathode 143A.

[0054] Theorganic light emitting layer 142A is formed into
a so-called tandem white structure in which a plurality of
organic light emitting layers are laminated to emit white light.
The organic light emitting layer 142A includes a first organic
light emitting layer configured to emit blue light and a second
organic light emitting layer formed on the first organic light
emitting layer and configured to emit light of a particular
color, which results in white light when mixed with the blue
light. The second organic light emitting layer may be an
organic light emitting layer configured to emit, for example,
yellow-green light. It can be understood that other color com-
binations for the light emitting layers can be implemented to
obtain the desired white light output.

[0055] Generally, in order to increase light extraction effi-
ciency of an organic light emitting display device, a micro-
cavity effect is applied. The micro-cavity effect refers to a
mechanism for increasing light extraction efficiency using
light reflecting property and an optical constructive interfer-
ence of an electrode. The micro-cavity effect is realized by
satisfying a specific optical condition in which a wavelength
corresponding to a specific color is reflected and constructed
between a reflective electrode and a semi-transmissive elec-
trode. A wavelength to be constructed can be selected by
controlling a distance between the reflective electrode and the
semi-transmissive electrode, i.e., thickness of an organic light
emitting layer. Theoretically, when an integer multiple of a
wavelength corresponding to a specific color becomes an
even multiple of the thickness of an organic light emitting
layer, constructive interference of the wavelengths corre-
sponding to a specific color occurs. Herein, a constructive
interference condition can be expressed by the following
equation.

2nd=mh

[0056] (n, m=integer, m=order of wavelength, d=thickness
of organic light emitting layer, A=reference wavelength at
which constructive interference occurs)

[0057] In order to apply the micro-cavity effect to an
organic light emitting element, from a semi-transmissive
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electrode and a reflective electrode, an optimum point for an
area where light corresponding to a particular wavelength to
be constructed is emitted is calculated. Then, the total thick-
ness of an organic light emitting layer is calculated in con-
sideration of the constructive interference condition. If the
organic light emitting element is designed by applying the
calculated results, it is possible to improve light extraction
efficiency at a wavelength corresponding to a specific color.

[0058] The optical condition for realizing the micro-cavity
effect limits the thickness of the organic light emitting layer.
For example, if the organic light emitting layer is formed to
have a structure in which two organic light emitting layers are
laminated to emit white light, the organic light emitting layer
needs to have a thickness of about 350 nm or more to about
400 nm or less in order to increase light extraction efficiency
by applying the micro-cavity effect. That is, if the organic
light emitting layer is formed to have a structure in which two
organic light emitting layers are laminated to emit white light,
the organic light emitting layer needs to have a thickness of
350 nm or more in order for the organic light emitting element
to satisfy the optical condition for realizing the micro-cavity
effect. Further, as the number of the laminated organic light
emitting layers increases, thickness of the organic light emit-
ting layer necessarily increases according to the optical con-
dition for realizing the micro-cavity effect. As the thickness of
the organic light emitting layer increases, the cost and time for
manufacturing the organic light emitting element increases
and a driving voltage and power consumption for driving the
organic light emitting display device also increase.

[0059] As aresult, in the case of applying the micro-cavity
effect in order to increase light extraction efficiency, there is
an increase in driving voltage and power consumption caused
by an increase in the thickness of the organic light emitting
layer. Also, there is a decrease in power efficiency.

[0060] However, the organic light emitting display device
100A according to an exemplary embodiment of the present
disclosure increases light extraction efficiency by applying
the overcoating layer 160A and the buffer layer for reducing
the step difference 170A instead of applying the micro-cavity
effect. Therefore, the organic light emitting display device
100A according to an exemplary embodiment of the present
disclosure does not necessarily optimize the thickness of the
organic light emitting layer 142A for the optical condition for
realizing the micro-cavity effect in order to increase light
extraction efficiency. Thus, the thickness of the organic light
emitting layer 142A can be significantly reduced. That is, in
the organic light emitting element 140A of the organic light
emitting display device 100A according to an exemplary
embodiment of the present disclosure, the organic light emit-
ting layer 142A may have a small thickness 0f 350 nm or less.
[0061] Light emitted from the first organic light emitting
layer positioned at a lower part of the organic light emitting
layer 142A has a higher ratio of being confined in an ITO
mode than lights emitted from the second light emitting layer
positioned at an upper part. In the organic light emitting
display device 100A according to an exemplary embodiment
of the present disclosure, the organic light emitting layer
142A is formed into a structure in which a plurality of organic
light emitting layers is laminated to emit white light, and
among the plurality of organic light emitting layers, the first
organic light emitting layer positioned at a lower part is con-
figured to emit blue light. Thus, it is possible to reduce con-
finement of ITO mode blue lights emitted from the first
organic light emitting layer. Therefore, the overall luminous
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efficiency of the organic light emitting display device 100A
can be improved. Further, luminous efficiency of blue light,
which is a problem in a general organic light emitting display
device, can also be improved.

[0062] If the plurality of recesses 161A is formed in the
overcoating layer 160A by a process such as photolithogra-
phy, there is a portion, which is peaky and sharply changed in
morphology, like the first connection part 162A illustrated in
FIG. 1B. However, since the organic light emitting layer
142A of the organic light emitting element 140A is formed by
a thermal deposition method by which a step coverage of the
organic light emitting layer 142 A deteriorates and the organic
light emitting layer 142A is formed to have very small thick-
ness of several hundreds of nm, there may be an area where
the organic light emitting layer is not formed on the anode.
Thus, the possibility of a short between the anode and the
cathode is high. In the organic light emitting display device
100A according to an exemplary embodiment of the present
disclosure, the buffer layer for reducing step difference 170A
configured to reduce a step (or other structural unevenness)
caused by the plurality of recesses 161A of the overcoating
layer 160A is adopted. Thus, the possibility of a short (or
other electrical problem) between the anode 141A and the
cathode 143A caused by a shape of the overcoating layer
160A can be greatly reduced.

[0063] In the organic light emitting display device 100A
according to an exemplary embodiment of the present disclo-
sure, the buffer layer for reducing step difference 170A hav-
ing a higher refractive index of about 1.7 to about 2.0 than the
overcoating layer 160A is formed on the overcoating layer
160A. Generally, ITO used as the anode 141 A has a refractive
index of about 1.7 and the overcoating layer 160A has a
refractive index of about 1.5. Thus, light emitted from the
organic light emitting layer 142A is not total-reflected at an
interface between the anode 141A and the buffer layer 170A
and may be total-reflected at an interface between the buffer
layer 170A and the overcoating layer 160A. However, since
the overcoating layer 160A of the organic light emitting dis-
play device 100A according to an exemplary embodiment of
the present disclosure includes the plurality of recesses 161A
and the buffer layer 170A is formed on the overcoating layer
160A including the plurality of recesses 161A, the overcoat-
ing layer 160 A and the buffer layer 170A may be formed into
a micro lens array (MLA). Therefore, light emitted from the
organic light emitting layer 142A is highly likely to have a
lower incident angle at the interface between the buffer layer
170A and the overcoating layer 160A than a total reflection
critical angle. Thus, it is possible to reduce an amount of ITO
mode light to be confined within the organic light emitting
display device 100A. Further, light emitted from the organic
light emitting layer 142A passes through the interface
between the buffer layer 170A and the overcoating layer
160A and travels at an angle nearly vertical to a bottom
surface of the substrate 110A (refer to L1 in FIG. 1B). Since
the light passing through the interface between the buffer
layer 170A and the overcoating layer 160A is highly likely to
have alower angle in a substrate mode than the total reflection
critical angle, it is also possible to reduce an amount of
substrate mode light to be confined within the organic light
emitting display device 100A. Furthermore, by enabling mul-
tiple reflection of light emitted from the interface between the
buffer layer 170A and the overcoating layer 160A, the light
can be reused so as to meet the MLA including the overcoat-
ing layer 160A and the buffer layer 170A more times. There-
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fore, it is possible to reduce an amount of ITO mode and
substrate mode light to be confined within the organic light
emitting display device 100A. Thus, light extraction effi-
ciency can be increased and the life of the organic light
emitting element 140A can also be increased.

[0064] As described above, in the organic light emitting
display device 100A according to an exemplary embodiment
of the present disclosure, the overcoating layer 160A includ-
ing the plurality of recesses 161A and the buffer layer for
reducing step difference 170A are formed into an ML A and
the MLA is formed between the color filter 150A and the
anode 141A. Therefore, in the organic light emitting display
device 100A according to an exemplary embodiment of the
present disclosure as compared with a structure in which an
MLA is disposed at an outer side of the substrate 1104, a
blurring phenomenon or a ghost phenomenon can be
removed. Further, it is possible to prevent light reflected from
the interface between the overcoating layer 160A and the
buffer layer 170A into the organic light emitting display
device 100A from being attenuated while passing through a
circular polarizer. Further, in the organic light emitting dis-
play device 100A according to an exemplary embodiment of
the present disclosure, since the plurality of recesses 1601 A
of the overcoating layer 160A are formed so as to be over-
lapped with the color filter 150A, a blurring phenomenon or a
ghost phenomenon can be removed.

[0065] Since the organic light emitting display device 100A
according to an exemplary embodiment of the present disclo-
sure is ofa bottom-emissiontype, the cathode 143 A is formed
of a metallic material having an excellent reflecting property
and the light emitted from the organic light emitting layer
142A is reflected from the cathode 143 A and travels toward
the substrate 110A, and the cathode 143 A of the organic light
emitting display device 100A has non-flat top and bottom
surfaces. Particularly, the cathode 143 A formed on the recess
161A of the overcoating layer 160A has non-flat top and
bottom surfaces so as to have an aspect ratio of about 0.5 or
more to about 0.7 or less.

[0066] Therefore, when the light emitted from the organic
light emitting layer 142A is reflected from the cathode 143 A
and then travels toward the anode 141A, a traveling angle of
the light is highly likely to be lower than the total reflection
critical angle at the interface between the overcoating layer
160A and the buffer layer for reducing step difference 170A
according to modification of a surface shape of the cathode
143 A (refer to 1.2 in FIG. 1B). Therefore, since it is possible
to reduce an amount of light to be confined within the organic
light emitting display device 100A, a voltage and a current
required to emit light having the same luminance may be
decreased and power may also be decreased, and the life of
the organic light emitting element 140A may be increased.
[0067] FIG. 1A and FIG. 1B illustrate only a cross-sec-
tional view and an enlarged cross-sectional view of the
organic light emitting display device 100A. However, the
plurality of recesses 161A of the overcoating layer 160A in
the organic light emitting display device 100A may be dis-
posed on the plane of the color filter 150A so as to have a
hexagonal structure.

[0068] Although FIG. 1A and FIG. 1B illustrate that the
passivation layer 133A planarizes an upper portion of the thin
film transistor 120A, the passivation layer 133A may be
formed along surface shapes of the elements disposed under
the passivation layer 133A without planarizing the upper
portion of the thin film transistor 120A. Further, although
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FIG. 1A and FIG. 1B illustrate that the passivation layer 133 A
is included in the organic light emitting display device 100A,
the overcoating layer 160A may be directly formed on the
thin film transistor 120A without using the passivation layer
133A.

[0069] Although FIG. 1A and FIG. 1B illustrate that the
color filter 150 A is formed on the passivation layer 133A, it is
not limited thereto. The color filter 150A may be formed at a
certain position between the overcoating layer 160A and the
bufferlayer for reducing step difference 170 A formed into the
MLA and the substrate 110A.

[0070] Although FIG. 1A and FIG. 1B illustrate that the
color filter 150A is disposed on the passivation layer 133 A, if
the organic light emitting display device 100A includes a
white pixel area, the color filter 150A may not be disposed in
the white pixel area. That is, in the white pixel area, white
light emitted from the organic light emitting element 140A
canbe emitted as itis. Thus, the color filter 150 A is not needed
in the white pixel area. However, in the white pixel area in
which the color filter 150A is not provided, the external light
incident from the outside of the organic light emitting display
device 100A is reflected and emitted within the organic light
emitting display device 100A unlike a red pixel area, a green
pixel area, and a blue pixel area each including the color filter
150A. Thus, it is more urgent to improve visibility in the
white pixel area. Accordingly, in some exemplary embodi-
ments, even in the white pixel area of the organic light emit-
ting display device 100A in which the color filter 150A is not
provided, the overcoating layer 160A and the buffer layer for
reducing step difference 170A may be formed into an MLA
and thus suppress external light reflection. To be specific,
some of external lights incident into the white pixel area of the
organic light emitting display device 100A may meet the
MLA including the overcoating layer 160A and the buffer
layer 170A. The lights may meet the MLA before reaching
the anode 141A having a light transmitting property and may
be refracted so as to travel in almost parallel to a surface of the
organic light emitting display device 100A. Such incident
external lights are refracted by the MLA and thus cannot
reach the anode 141A and may be confined within a certain
layer of the organic light emitting display device 100A. That
is, external lights incident into the organic light emitting
display device 100A cannot be emitted from the organic light
emitting display device 100A.

[0071] In the method for manufacturing the organic light
emitting display device 100A, the overcoating layer 160A
may be manufactured together with the color filter 150A, and
it may be difficult to pattern the overcoating layer 160A in
order for the overcoating layer 160A to include the plurality
of recesses 161 A depending on a manufacturing process con-
dition. In this case, the plurality of recesses 161A is not
directly formed in the overcoating layer 160A, but photoresist
is separately coated and patterned on the overcoating layer
160A, so that the photoresist includes a plurality of recesses
and the buffer layer for reducing step difference 170A and an
MLA may be formed.

[0072] FIG. 1C is an enlarged cross-sectional view pro-
vided to describe shapes different from those of FIG. 1B of
the overcoating layer and the buffer layer for reducing step
differences in the organic light emitting display device
according to an exemplary embodiment of the present disclo-
sure. An organic light emitting display device 100C illus-
trated in FIG. 1C is substantially the same as the organic light
emitting display device 100A illustrated in FIG. 1A and FIG.
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1B except shapes of an overcoating layer 160C and a buffer
layer forreducing step difference 170 A. Therefore, redundant
description thereof will be omitted.

[0073] Referring to FIG. 1C, each of a plurality of recesses
161C of the overcoating layer 160C is overlapped with an
adjacent recess 161C. In FIG. 1C, an overlapped and removed
portion of the recesses 161C is indicated by a dotted line. A
diameter 2R of each of the plurality of recesses 161C of the
overcoating layer 160C is equal to or greater than a distance
S between the centers of the recesses 161C adjacent to each
other. Thatis, assuming that a radius of onerecess 161CisR1,
a radius of its adjacent recess 161C is R2, and a distance
between the centers of the recesses 161C is S, the sum of R1
and R2 is equal to or greater than S. If each of the plurality of
recesses 161 has a hemispherical shape, a diameter of the
hemispherical shape is equal to or greater than a distance S
between the centers of hemispherical shapes adjacent to each
other. If each of the plurality of recesses 161 has a hemi-
ellipsoidal shape, a diameter of the hemi-ellipsoidal shape is
equal to or greater than a distance S between the centers of
hemi-ellipsoidal shapes adjacent to each other. Herein, the
diameter 2R of the recess 161C means a diameter in a state
where the recess 161C is not removed as not being overlapped
with its adjacent recess 161C, and the center of the recess
161C means the lowest point of the recess 161C having a
hemispherical shape or a hemi-ellipsoidal shape.

[0074] Ifthe plurality of recesses 161C is overlapped with
each other, a pitch between recesses 161C adjacent to each
other is small as compared with a case where the plurality of
recesses 161C is not overlapped with each other. Further, as a
pitch between the plurality of recesses 161C decreases, a size
of a grating vector increases. Therefore, in the organic light
emitting display device 100C according to an exemplary
embodiment of the present disclosure, the adjacent recesses
161C are formed so as to be overlapped with each other,
which causes an increase in size of a grating vector. Thus, it is
possible to further increase light extraction efficiency.
[0075] FIG. 1D is an enlarged cross-sectional view pro-
vided to describe an additional insulation layer of the organic
light emitting display device according to an exemplary
embodiment of the present disclosure, An organic light emit-
ting display device 100D illustrated in FIG. 1D is substan-
tially the same as the organic light emitting display device
100A illustrated in FIG. 1A and FIG. 1B except that an
insulation layer 134D is further included. Therefore, redun-
dant description thereof will be omitted.

[0076] The insulation layer 134D is further formed
between a passivation layer 133D and a color filter 150D. The
insulation layer 134D has a lower refractive index than an
overcoating layer 160D and the color filter 150D. The insu-
lation layer 134D may be formed of a fluorinated polymer,
such as fluorinated lithium (LiF), having a refractive index of
about 1.3 to about 1.4, but is not limited thereto. The insula-
tion layer 134D may be formed of any material having a
refractive index of about 1.3 to about 1.4.

[0077] Since the color filter 150D has a refractive index of
about 1.5 and the insulation layer 134D formed under the
color filter 150D has a refractive index of about 1.3 to about
1.4, among lights emitted from an organic light emitting layer
142D, the light incident into an interface between the color
filter 150D and the insulation layer 134D at an incident angle
higher than the total reflection critical angle is total-reflected
at the interface between the color filter 150D and the insula-
tion layer 134D. In the organic light emitting display device
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100D according to an exemplary embodiment of the present
disclosure, if the insulation layer 134D is not used, among
lights emitted from the organic light emitting layer 142D and
passing through the color filter 150D, the light having an
incident angle higher than the total reflection critical angle
and total-reflected at an interface between a substrate 110D
and air is total-reflected at the interface between the color
filter 150D and the insulation layer 134D. Then, it travels
toward an MLA including a buffer layer for reducing step
difference 170D and the overcoating layer 160D. When the
light passes through the MLLA many times, it can be converted
into a light traveling at an incident angle lower than the total
reflection critical angle at the interface between the substrate
110D and air. Therefore, in the organic light emitting display
device 100D according to an exemplary embodiment of the
present disclosure, by using the insulation layer 134D having
a lower refractive index than the overcoating layer 160D and
the color filter 150D, it is possible to increase light extraction
efficiency of substrate mode lights confined within the
organic light emitting display device 100D.

[0078] Although FIG. 1D illustrates that the insulation
layer 134D is formed on the passivation layer 133D, the
insulation layer 134D may be formed at a different position
between the substrate 110D and the color filter 150D.
[0079] Although FIG. 1D illustrates that the insulation
layer 134D is formed between the color filter 150D and the
passivation layer 133D, an air gap may be formed instead of
the insulation layer 134D. That is, a space filled with air may
be formed between the color filter 150D and the passivation
layer 133D. Since air has a lower refractive index than the
color filter 150D, the air gap may have the same effect as the
above-described insulation layer 134D. Further, the air gap
may be formed at a different position between the substrate
110D and the color filter 150D in the same manner as the
insulation layer 134D.

[0080] FIG. 1E is a cross-sectional view provided to
describe the organic light emitting display device including
an overcoating layer having a plurality of protrusions and a
buffer layer for reducing step differences according to an
exemplary embodiment of the present disclosure. An organic
light emitting display device 100E illustrated in FIG. 1E is
substantially the same as the organic light emitting display
device 100A illustrated in FIG. 1A and FIG. 1B except that an
overcoating layer 160E includes a plurality of protrusions
163E and a buffer layer for reducing step difference 170E has
a different shape. Therefore, redundant description thereof
will be omitted.

[0081] Theovercoating layer 160E includes the plurality of
protrusions 163E formed so as to be overlapped with a color
filter 150E and a second connection part 164E configured to
connect the adjacent protrusions 163E. Each of the plurality
of protrusions 163E has a hemispherical shape or a hemi-
ellipsoidal shape. FIG. 1E is a cross-sectional view illustrat-
ing a portion having the highest height in a hemispherical
shape or a hemi-ellipsoidal shape of each of the plurality of
protrusions 163E, and illustrates each of the plurality of pro-
trusions 163E as having a hemispherical shape. A diameter
and a height of each of the plurality of protrusions 163E may
be equal to the diameter 2R and the height D of each of the
plurality of recesses 161 A illustrated in FIG. 1A and FIG. 1B.
[0082] The buffer layer for reducing step difference 170E is
formed on the overcoating layer 160E. The buffer layer 170E
is configured to reduce a step difference caused by the plu-
rality of protrusions 163E of the overcoating layer 160FE.
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Referring to FIG. 1E, in order to reduce a step difference
caused by the plurality of protrusions 163E, the buffer layer
170F on the protrusion 163E of the overcoating layer 160F is
formed so as to have a thickness h| smaller than a thickness h,
of the buffer layer 170F on the second connection part 164E
of the overcoating layer 160E.

[0083] Referring to FIG. 1E, the buffer layer for reducing
step difference 170E is formed so as to have a non-flat top
surface. That is, since a top surface of the buffer layer 170E
formed on the protrusion 163F of the overcoating layer 160E
is on a different plane from a top surface of the buffer layer
170E formed on the second connection part 164E of the
overcoating layer 160E, the top surface of the buffer layer
170E is formed to be non-flat. Therefore, the organic light
emitting element 140A is formed on the gently inclined non-
flat surface.

[0084] In the organic light emitting display device 100E
according to an exemplary embodiment of the present disclo-
sure, the overcoating layer 160E includes the plurality of
protrusions 163E and the buffer layer for reducing step dif-
ference 170 reduces a step difference caused by the plurality
of protrusions 163E of the overcoating layer 160E. The over-
coating layer 160F and the buffer layer 170E are formed into
an MLA, and the ML A including the overcoating layer 160E
and the buffer layer 170E may have the same function as the
MLA including the overcoating layer 160A and the buffer
layer 170A described above with reference to FIG. 1A and
FIG. 1B. Further, the buffer layer 170E may have the same
function as the buffer layer 170A described above with ref-
erence to FIG. 1A and FIG. 1B.

[0085] In some exemplary embodiments, each of the plu-
rality of protrusions 163E of the overcoating layer 160E may
be overlapped with its adjacent protrusion 163E. In this case,
a diameter of each of the plurality of protrusions 163F of the
overcoating layer 160E is equal to or greater than a distance
between the centers of the protrusions 163F adjacent to each
other. That is, assuming that a radius of one protrusion 163E
is R1, a radius of its adjacent protrusion 163E is R2, and a
distance between the centers of the protrusions 163E is S, the
sum of R1 and R2 is equal to or greater than S. Herein, the
diameter, the radius, and the center of the protrusion 163E can
be defined as the same effect as the diameter 2R, the radiuses
R1 and R2, and the center of the recess 161A illustrated in
FIG. 1A and FIG. 1B.

[0086] FIG. 2A is a cross-sectional view provided to
describe an organic light emitting display device including a
plurality of edge-cut recesses and a filling layer according to
an exemplary embodiment of the present disclosure. FIG. 2B
is an enlarged cross-sectional view of an area X of FIG. 2A.
Referring to FIG. 2A and FIG. 2B, an organic light emitting
display device 200 includes a substrate 210, a thin film tran-
sistor 220, a color filter 250, an overcoating layer 260, a filling
layer 270, and an organic light emitting element 240. The
organic light emitting display device 200 illustrated in FIG.
2A and FIG. 2B is substantially the same as the organic light
emitting display device 1004 illustrated in FIG. 1A and FIG.
1B except that the overcoating layer 260 has a different shape
and the filling layer 270 is employed. Therefore, redundant
description thereof will be omitted.

[0087] The overcoating layer 260 is formed on the color
filter 250 and a passivation layer 233. The overcoating layer
260 includes a plurality of edge-cut recesses 261 formed so as
to be overlapped with the color filter 250. Since each of the
plurality of edge-cut recesses 261 has an edge-cut hemi-
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spherical shape or hemi-ellipsoidal shape, each of the plural-
ity of edge-cut recesses 261 has an inclined and curved side
surface, and each of the plurality of edge-cut recesses 261
exposes the color filter 250. At a portion where the plurality of
edge-cut recesses 261 is not formed, the overcoating layer
260 serves as a planarization layer.

[0088] The filling layer 270 is formed on the overcoating
layer 260. The filling layer 270 s formed of a material having
a higher refractive index than the overcoating layer 260. The
filling layer 270 may have a refractive index of about 1.7 to
about 2.0. To be specific, the filling layer 270 may be a layer
in which nanoparticles each having a size of several tens of
nm and formed of titanium oxide (Ti0,) or zirconium oxide
(7Zr0O,) having ahigher refractive index than a polymer binder
are dispersed in the polymer binder. Or a layer in which
nanoparticles formed of titanium oxide (TiO,) or zirconium
oxide (ZrO,) having a higher refractive index than photoresist
are dispersed in the photoresist.

[0089] The filling layer 270 is configured to fill at least a
part of the inside of the edge-cut recess 261 of the overcoating
layer 260. When the filling layer 270 fills at least apart of the
inside of the edge-cut recess 261, the filling layer 270 may fill
only a part of the inside of the edge-cut recess 261 as illus-
trated in FIG. 2B or the filling layer 270 may fill the entire
inside of the edge-cut recess 261. As illustrated in FIG. 2B, if
the filling layer 270 fills only a part of the inside of the
edge-cut recess 261, the filling layer 270 fills only a partial
space of the edge-cut recess 261 from the bottom of the
edge-cut recess 261, so that the filling layer 270 is formed to
have an embossed structure.

[0090] In the organic light emitting display device 200
according to an exemplary embodiment of the present disclo-
sure, the overcoating layer 260 includes the plurality of edge-
cut recesses 261, and the plurality of edge-cut recesses 261
exposes the color filter 250. Therefore, in the filling layer 270
formed on the overcoating layer 260, a portion of filling the
plurality of edge-cut recesses 261 of the overcoating layer
260 is in contact with the overcoating layer 260 or in contact
with the color filter 250. If the light emitted from an organic
light emitting layer 242 travels along a contact surface
between the filling layer 270 and the overcoating layer 260,
the light emitted from the organic light emitting layer 242
travels in the same manner as the light traveling at the inter-
face between the overcoating layer 160A and the buffer layer
for reducing step difference 170A described in FIG. 1A and
FIG. 1B. Meanwhile, if the light emitted from the organic
light emitting layer 242 travels along a contact surface
between the filling layer 270 and the color filter 250, since the
filling layer 270 has a higher refractive index than the color
filter 250, the light emitted from the light emitting layer 242
may be total-reflected at the contact surface between the
filling layer 270 and the color filter 250. Therefore, the light
total-reflected at the contact surface between the filling layer
270 and the color filter 250 and traveling toward a cathode
243 is reflected at the cathode 243 and then travels toward the
filling layer 270. Thus, the light can be reused, and since the
light emitted from the organic light emitting layer 242 passes
through an MLA including the filling layer 270 and the over-
coating layer 260 again, it can be converted into a light trav-
eling at an incident angle lower than a total reflection critical
angle at an interface between the substrate 210 and air. There-
fore, it is possible to improve light extraction efficiency of
substrate mode lights confined within the organic light emit-
ting display device 200.
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[0091] Although FIG. 2A and FIG. 2D illustrate that the
filing layer 270 is formed so as to have an embossed structure,
the filling layer 270 may fill the entire inside of the plurality
of edge-cut recesses 261 and planarize an upper portion of the
overcoating layer 260.

[0092] FIG. 3isacross-sectional view provided to describe
an organic light emitting display device that does not include
a buffer layer for reducing step difference according to an
exemplary embodiment. Referring to FIG. 3, an organic light
emitting display device 300 includes a substrate 310, a thin
film transistor 320, a color filter 350, an overcoating layer
360, and organic light emitting element 340. The organic light
emitting display device 300 illustrated in FIG. 3 is substan-
tially the same as the organic light emitting display device
100A illustrated in FIG. 1A and FI1G. 1B except that a buffer
layer for reducing step difference is omitted. Therefore,
redundant description thereof will be omitted.

[0093] Referring to FIG. 3, since a plurality of recesses of
the overcoating layer 360 has a gentle morphology, the
organic light emitting element 340 including an anode 341, an
organic light emitting layer 342, and a cathode 343 and a bank
336 may be formed on the overcoating layer 360 without a
buffer layer for reducing step difference between the over-
coating layer 360 and the anode 341 as illustrated in FIG. 1A.
[0094] Herein, moisture generated by outgassing from the
overcoating layer 360 may be directly diffused to the organic
light emitting element 340, which may deteriorate the organic
light emitting element 340. In order to suppress such deterio-
ration, a second passivation layer (not illustrated) may be
additionally deposited on the overcoating layer 360 to thick-
ness of several tens to several hundreds of nm. Preferably, the
second passivation layer may have a refractive index equiva-
lent or similar to a refractive index of the overcoating layer
360 or the anode 341. For example, a refractive index of the
second passivation layer may be closer to a refractive index of
the anode 341 than a refractive index of the overcoating layer
360. The second passivation layer (not illustrated) needs to be
formed of an inorganic insulation material, for example, sili-
con nitride. If the second passivation layer (not illustrated) is
disposed on the overcoating layer 360 by deposition, the
second passivation layer (not illustrated) is formed to have a
shape resembling a morphology of the overcoating layer 360.
[0095] That is, an edge ofeach ofthe plurality of recesses of
the overcoating layer 360 is formed so as not to be peaky, so
that a surface on which the organic light emitting element 340
is disposed may have a gradual curvature. The organic light
emitting element 340 and the bank 336 may be directly
formed on the overcoating layer 360 without a buffer layer for
reducing step difference between the overcoating layer 360
and the anode 341. Or instead of a buffer layer for reducing
step differences, the second passivation layer (not illustrated)
may be interposed between the overcoating layer 360 and the
anode 341. The organic light emitting element 340 and the
bank 336 may be formed on the second passivation layer (not
illustrated).

[0096] Thus, in the organic light emitting display device
300 according to an exemplary embodiment of the present
disclosure, the surface on which the organic light emitting
element 340 is disposed may be a top surface of the overcoat-
ing layer 360 in which a recess 361 of the overcoating layer
360 has a gentle morphology. Otherwise, the organic light
emitting display device 300, the surface on which the organic
light emitting element 340 is disposed may be a top surface of
the second passivation layer (not illustrated) having a shape
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resembling the morphology of the recess 361 of the overcoat-
ing layer 360. Herein, the overcoating layer 360 or the second
passivation layer (not illustrated) has a non-flat surface hav-
ing a gentle slope. Thus, the organic light emitting element
340 is formed on the non-flat surface having a gentle slope.
[0097] If an aspect ratio of the recess of the overcoating
layer is 1 or more, a peaky edge has a steep slope like the first
connection part connecting the adjacent recesses as illus-
trated in FIG. 1B. In the case of an organic light emitting
display device including such an overcoating layer sharply
changed in morphology, even if a buffer layer for reducing
step difference is formed on the overcoating layer, an organic
light emitting layer may not be continuously formed at a first
connection part ofa recess of the overcoating layer but may be
disconnected. Therefore, there may be a partial short between
an anode and a cathode. Or even if there is no short between
the anode and the cathode, the cathode may also not be
continuously formed at the first connection part of the recess
of the overcoating layer but may be disconnected.

[0098] That is, since an edge of each recess of the overcoat-
ing layer is peaky, the organic light emitting layer and/or the
cathode formed on the recess of the overcoating layer may be
partially disconnected. Therefore, there may be a short
between the anode and the cathode of the organic light emit-
ting element or the cathode may not have a smooth conduc-
tion state. At a point where the organic light emitting layer
and/or the cathode formed on the recess of the overcoating
layer is partially disconnected, the organic light emitting ele-
ment cannot emit light. Thus, luminous efficiency of the
organic light emitting element is finally decreased.

[0099] Inorder to solve the problem caused by a shape of a
recess of an overcoating layer, in the organic light emitting
display device 100A according to an exemplary embodiment
of the present disclosure, the buffer layer for reducing step
difference 170A configured to compensate an aspect ratio of
the recess 161A of the overcoating layer 160A may be formed
on the recess 161A of the overcoating layer 160A. Or the
overcoating layer 360 including the recess in which a step-
compensation is not needed may be formed.

[0100] In the latter case, the organic light emitting element
340 including the anode 341, the organic light emitting layer
342, and the cathode 343 and the bank 336 may be formed on
the overcoating layer 360 without a buffer layer for reducing
step difference interposed therebetween. That is, if an edge of
the recess 361 of the overcoating layer 360 is not peaky but
gentle, the organic light emitting element 340 including the
anode 341, the organic light emitting layer 342, and the cath-
ode 343 and the bank 336 may be formed without a buffer
layer for reducing step difference.

[0101] In order to do so, the peaky edge of the overcoating
layer 360 needs to have a gentler slope. That is, the morphol-
ogy of the recess of the overcoating layer 360 needs to be
gentler.

[0102] A shape ofthe recess ofthe overcoating layer 360 is
formed by photolithography or the like, and by controlling a
thermal process performed in this case, the morphology of the
recess of the overcoating layer 360 can be controlled.

[0103] To be specific, in order to form the recess of the
overcoating layer 360, photoresist is coated and patterned
into a recessed shape by photolithography, and a thermal
process is performed thereto. In this case, the thermal process
is not performed at a time, but needs to be gradually per-
formed through two steps in order to form a shape of the
recess of the overcoating layer 360. For example, before a
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final thermal process is performed at about 200° C. or more to
about 250° C. or less, an intermediate thermal process needs
to be performed at about 100° C. or more to about 130° C. or
less.

[0104] Herein, a time for performing the intermediate ther-
mal process is involved in the morphology of the recess of the
overcoating layer 360. As a time for performing the interme-
diate thermal process is increased, the final morphology of the
recess of the overcoating layer 360 is increased. As an
extreme case, if the final thermal process is directly per-
formed without requiring a time for performing the interme-
diate thermal process, the overcoating layer 360 is planarized
without the morphology of the recess of the overcoating layer
360.

[0105] By using such a tendency, various organic light
emitting display devices each having a different morphology
of the recess of an overcoating layer 360 were manufactured.
With these organic light emitting display devices, the inven-
tors of the present disclosure conducted an experiment to find
amorphology of the recess of the overcoating layer 360, i.e.,
an aspect ratio of the recess of the overcoating layer 360, for
the maximum luminous efficiency of the organic light emit-
ting element 340. Hereinafter, a result of the experiment will
be described with reference to FIG. 6.

[0106] FIG. 6is a graph showing a relationship between an
aspect ratio of the recess of the overcoating layer 360 and a
different current efficiency enhancement (%) of each organic
light emitting display device. Herein, a higher current effi-
ciency enhancement means a higher luminous efficiency.
[0107] It can be seen that in case the aspect ratio of the
recess of the overcoating layer 360 is about 0.25 or more to
about 0.6 or less, the current efficiency enhancement is
higher, as compared with a case where the aspect ratio of the
recess of the overcoating layer 360 is more than 0.6. It can be
seen that in case the aspect ratio of the recess of the overcoat-
ing layer 360 is more than 0.6, the current efficiency enhance-
ment tends to decrease.

[0108] According to the tendency as shown in FIG. 6, it can
be seen that in case the aspect ratio of the recess of the
overcoating layer 360 is about 0.3 or more to about 0.5 or less,
the current efficiency enhancement has the maximum value.
[0109] Thus, in the organic light emitting display device
300 according 1o an exemplary embodiment of the present
disclosure, the surface on which the organic light emitting
element is disposed may be the top surface of the overcoating
layer 360 in which the recess of the overcoating layer 360 has
an aspect ratio of about 0.25 or more to about 0.6 or less.
Otherwise, in the organic light emitting display device 300
according to an exemplary embodiment of the present disclo-
sure, the surface on which the organic light emitting element
340 is disposed may be the top surface of the second passi-
vation layer (not illustrated) resembling the morphology of
the overcoating layer 360 in which the recess of the overcoat-
ing layer 360 has an aspect ratio of about 0.25 or more to
about 0.6 or less. That is, the overcoating layer 360 or the
second passivation layer (not illustrated) has a non-flat sur-
face having an aspect ratio of about 0.25 or more to about 0.6
or less, and. Thus, the organic light emitting element 340 is
formed on the non-flat surface having an aspect ratio of about
0.25 or more to about 0.6 or less, and each of the anode 341,
the organic light emitting layer 342, and the cathode 343 has
a shape resembling a morphology of the non-flat surface.
[0110] In conclusion, in case the recess of the overcoating
layer 360 is formed, the intermediate thermal process is pet-
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formed necessarily for a somewhat short time, so that a first
connection part of the recess of the overcoating layer 360 may
be formed so as to have a gentle slope. If the overcoating layer
360is formed such that the recess of the overcoating layer 360
has an aspect ratio of about 0.25 or more to about 0.6 or less
according to this method, the organic light emitting element
340 including the anode 341, the organic light emitting layer
342, and the cathode 343 and the bank 336 can be formed on
the overcoating 360 without a buffer layer for reducing step
difference interposed therebetween. Herein, although not
illustrated, as described above, the second insulating passiva-
tion layer (not illustrated) having a shape resembling the
morphology of the recess of the overcoating layer 360 and a
refractive index similar to that of the anode 341 while pre-
venting diffusion of outgassing from the overcoating layer
360 to the organic light emitting element 340 may be addi-
tionally formed between the overcoating layer 360 and the
anode 341.

[0111] FIG. 4 is a flowchart provided to describe a method
for manufacturing an organic light emitting display device
including an overcoating layer having a plurality of recesses
and a buffer layer for reducing step difference according to an
exemplary embodiment of the present disclosure. FIG. 5A to
FIG. 5F are process cross-sectional views provided to
describe an organic light emitting display device including an
overcoating layer having a plurality of recesses and a buffer
layer for reducing step difference according to an exemplary
embodiment of the present disclosure. FIG. 5A to FIG. 5F do
not illustrate a part corresponding to a thin film transistor
among various elements of an organic light emitting display
device 500, but mainly illustrate a part overlapped with a part
where a color filter 550 of the organic light emitting display
device 500 is formed. Further, the organic light emitting
display device 500 illustrated in FIG. 5F is substantially the
same as the organic light emitting display device 100A illus-
trated in F1G. 1B.

[0112] Firstly, the color filter 550 is formed on a substrate
510 (S40). Formation of the color filter 550 on the substrate
510 will be described in more detail with reference to FIG.
5C.

[0113] Referring to FIG. 5C, the color filter 550 is formed
on the substrate 510. To be more specific, the color filter 550
is formed on a passivation layer 533 on the substrate 510.

[0114] In some exemplary embodiments, an air gap 580
may be formed between the substrate 510 and the color filter
550. Formation of the air gap 580 will be described in more
detail with reference to FIG. 5A and FIG. 5B.

[0115] Referring to FIG. 5A, before the color filter 550 is
formed on the substrate 510 in order to form the air gap 580,
asacrificial layer 581 to be pyrolyzed may be formed between
the substrate 510 and the color filter 550. To be specific, the
sacrificial layer 581 is formed between the passivation layer
533 and the color filter 550. The sacrificial layer 581 is formed
of a material to be decomposed during a thermal process, and
may be formed of various materials to be removed by pyroly-
sis.

[0116] Referring to FIG. 5A and FIG. 5B, after the sacrifi-
ciallayer 581 is formed, the color filter 550 may be formed on
the sacrificial layer 581, and after the color filter 550 is
formed, the sacrificial layer 581 may be decomposed by
performing a thermal process to the sacrificial layer 581. As
such, the air gap 580 may be formed between the substrate
510 and the color filter 550.
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[0117] Then, anovercoating layer 560 including a plurality
of recesses 561 overlapped with the color filter 550 is formed
on the color filter 550 (S41). Formation of the overcoating
layer 560 including the plurality of recesses 561 will be
described in more detail with reference to FIG. 5C and FIG.
5D.

[0118] Referring to FIG. 5C, in order to form the overcoat-
ing layer 560, a photoresist material 569 is coated on the color
filter 550. Both of a negative photoresist and a positive pho-
toresist may be used, but in order to form the recesses 561 in
the overcoating layer 560, the negative photoresist may be
advantageous for a manufacturing process. By performing a
photolithography process to the overcoating layer 560, the
plurality of recesses 561 of the overcoating layer 560 is
formed as illustrated in FIG. 5D. The plurality of recesses 561
may be formed only in the overcoating layer 560 overlapped
with the color filter 550.

[0119] Insome exemplary embodiments, during the above-
described a photolithography process, the overcoating layer
560 may be formed so as to have the same shape as the
overcoating layer 260 illustrated in FIG. 2A by controlling an
exposure amount or the like. For example, by increasing an
exposure amount, an amount of the photoresist material 569
to be patterned and removed may be increased. Thus, the
overcoating layer 560 may be formed so as to have the plu-
rality of edge-cut recesses 261 as illustrated in FIG. 2A.
[0120] Herein, in order to form the recess 561 of the over-
coating layer 560, photoresist is coated and patterned into a
recessed shape by photolithography, and a thermal process is
performed thereto. In this case, the thermal process is not
performed at a time, but needs to be gradually performed
through two steps in order to form a shape of the recess 561 of
the overcoating laver 560. For example, before a final thermal
process is performed at about 200° C. or more 1o about 250°
C. or less, an intermediate thermal process needs to be per-
formed at about 100° C. or more to about 130° C. or less. By
controlling a temperature and a time for the intermediate
thermal process, an aspect ratio of the recess 561 of the
overcoating layer 560 may be controlled. The recess 561 of
the overcoating layer 560 may have an aspect ratio of 0.25 or
more to 0.6 or less by not only the method of controlling a
temperature and a time for the intermediate thermal process,
which is just one example, but also a method of controlling an
UV exposure amount during a patterning process in the pho-
tolithography process, but the present disclosure is not lim-
ited thereto.

[0121] For convenience in explanation, FIG. 5C and FIG.
5D illustrate that the overcoating layer 560 is formed of
photoresist, but is not limited thereto. The overcoating layer
560 may be formed of various insulation materials having a
refractive index of about 1.5, and the plurality of recesses 561
of the overcoating layer 560 may be formed by a photolithog-
raphy process to the various insulation materials.

[0122] Although FIG. 5C and FIG. 5D illustrate that the
plurality of recesses 561 is formed in the overcoating layer
560, the plurality of protrusions 263 may be formed in the
overcoating layer 560 as illustrated in FIG. 2A and FIG. 2B.
In order to form the plurality of protrusions 263 in the over-
coating layer 560, the photoresist material 569 is coated on
the color filter 550 as illustrated in FIG. 5C and a photolithog-
raphy process may be performed thereto.

[0123] In some exemplary embodiments, before the color
filter 550 is formed, an insulation layer having a lower refrac-
tive index than the overcoating layer 560 and the color filter
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550 may be formed between the substrate 510 and the color
filter 550. The insulation layer may be formed at the same
position as the air gap 580 illustrated in FIG. 5B.

[0124] Then, a bufferlayer for reducing step difference 570
having a higher refractive index than the overcoating layer
560 and configured to reduce a step caused by the recesses
561 is formed on the overcoating layer 560 (S42). Formation
of the buffer layer 570 will be described in more detail with
reference to FIG. 5E.

[0125] Referring to FIG. 5E, a spin-coating method may be
used to form the buffer layer for reducing step difference 570.
That 1s, formation of the buffer layer 570 includes spin-
coating of a polymer binder or photoresist in which nanopar-
ticles are dispersed. During the spin coating, a speed of the
spin-coating and a viscosity of the polymer binder or photo-
resist may be controlled in order to control thickness and a
degree of non-flatness of the buffer layer 570. For example, if
a spin-coating speed is high and a viscosity of the polymer
binder or photoresistis low, the buffer layer 570 formed on the
recess 561 may have smaller thickness and a higher degree of
non-flatness, as compared with a case where a spin-coating
speed is low and a viscosity of the polymer binder or photo-
resist is high. In the method for manufacturing an organic
light emitting display device according to an exemplary
embodiment of the present disclosure, the spin-coating speed
and the viscosity of the polymer binder or photoresist may be
controlled such that the buffer layer 570 formed on the recess
561 of the overcoating layer 560 has greater thickness than
the buffer layer 570 formed on a first connection part 562 of
the overcoating layer 560.

[0126] Although not illustrated in FIG. 5E, evenif the over-
coating layer 560 includes a plurality of protrusions as illus-
trated in FIG. 2A, the spin-coating speed and the viscosity of
the polymer binder or photoresist may be controlled. It may
be controlled such that the buffer layer for reducing step
difference 570 formed on the protrusion of the overcoating
layer 560 has smaller thickness than the buffer layer 570
formed on a second connection part of the overcoating layer
560.

[0127] FIG. 5E illustrates that the spin-coating method is
used to form the buffer layer for reducing step difference 570,
various wet coating methods such as photolithography, slit
coating, ink jet printing, dip coating, nozzle printing, screen
printing, etc. may be used.

[0128] Then, an organic light emitting element 540 is
formed on the buffer layer for reducing step difference 570 by
laminating an anode 541, an organic light emitting layer 542,
and a cathode 543 in sequence (S43). Formation of the
organic light emitting element 540 will be described in more
detail with reference to FIG. 5E.

[0129] Referring to FIG. 5E, the anode 541 is formed so as
to resemble a shape of the buffer layer for reducing step
difference 570. The organic light emitting layer 542 is formed
on the anode 541 so as to resemble a shape of the anode 541,
and the cathode 543 is formed on the organic light emitting
layer 542 so as to resemble a shape of the organic light
emitting layer 542.

[0130] Insome exemplary embodiments, if the recess 561
of the overcoating layer 560 is formed so as to have an aspect
ratio 0of 0.25 or more to 0.6 or less, the anode 541 is formed on
the overcoating layer 560 so as to resemble a gentle morphol-
ogy of the recess 561 of the overcoating layer 560. The
organic light emitting layer 542 is formed on the anode 541 so
as to resemble a shape of the anode 541, and the cathode 543
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is formed on the organic light emitting layer 542 so as to
resemble a shape of the organic light emitting layer 542
without performing the step S42 of forming the buffer layer
for reducing step difference 570. That is, like the organic light
emitting layer 300 illustrated in FIG. 3, the anode 541 may be
directly formed on the overcoating layer 560 without forming
abuffer layer for reducing step difference. In this case, before
the anode 541 is formed, a second passivation layer (not
illustrated) having a refractive index equivalent or similar to a
refractive index ofthe anode 541 and thickness of several tens
to several hundreds of nm may be formed on the overcoating
layer 560. If the second passivation layer (not illustrated) is
disposed on the overcoating layer 560 by deposition, the
second passivation layer (not illustrated) is formed to have a
shape resembling a gentle morphology of the recess 561 the
overcoating layer 560.

[0131] Since the overcoating layer and the buffer layer for
reducing step difference of the present disclosure are used,
the organic light emitting display device according to an
exemplary embodiment of the present disclosure obtains
equivalent or higher light extraction efficiency. Thus, the
organic light emitting display device has a low driving volt-
age, excellent current efficiency and power efficiency as com-
pared with Comparative Example 1. More details thereof will
be described with reference to Table 1.

TABLE 1
Driving
voltage Cd/A  Im/W
Comparative Example 1 12.8 66 6
Organic light emitting display device 10.9 93 7

according to an exemplary embodiment of the
present disclosure

[0132] Referring to Table 1, each of Comparative Example
1 and the organic light emitting display device according to an
exemplary embodiment of the present disclosure illustrated
in FIG. 1A includes white organic light emitting element
designed by laminating two organic light emitting layers. One
of the two organic light emitting layers is an organic light
emitting layer configured to emit blue light, and the other one
is an organic light emitting laver configured to emit yellow-
green light. These two organic light emitting layers are lami-
nated.

[0133] Referring to Table 1, the organic light emitting dis-
play device according to an exemplary embodiment of the
present disclosure illustrated in FIG. 1A has a structure in
which a substrate, an overcoating layer, a buffer layer for
reducing step difference, an anode, an organic light emitting
layer, and a cathode are laminated from the bottom. Herein, to
be specific, the organic light emitting layer has a structure in
which a charge injection or transporting layer of 50 nm, an
organic light emitting layer of 20 nm configured to emit
yellow-green light, a charge injection or transporting layer of
90 nm, an organic light emitting layer of 20 nm configured to
emit blue light, and a charge injection or transporting layer of
180 nm are laminated from the bottom. Herein, the overcoat-
ing layer and the buffer layer for reducing step difference
respectively refer to the overcoating layer and the buffer layer
for reducing step difference of the present disclosure. Herein,
the charge injection or transporting layers may include a hole
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injection layer, a hole transporting layer, a charge generation
layer, an electron injection layer, an electron transporting
layer, etc.

[0134] Referring to Table 1, Comparative Example 1 uses
an organic light emitting layer having the same structure of
360 nm in the same manner as the organic light emitting
display device according to an exemplary embodiment of the
present disclosure illustrated in FIG. 1A except that the over-
coating layer and the buffer layer for reducing step differ-
ences of the present disclosure are not used. In other words,
the organic light emitting display device according to an
exemplary embodiment of the present disclosure illustrated
in FIG. 1A is different from Comparative Example 1 in that
the overcoating layer and the buffer layer for reducing step
difference of the present disclosure are used.

[0135] Referring to Table 1, although the organic light
emitting layers having the same thickness are respectively
used in Comparative Example 1 and the organic light emitting
display device according to an exemplary embodiment of the
present disclosure, a driving voltage V of the organic light
emitting display device according to an exemplary embodi-
ment of the present disclosure is lower by 1.9V than a driving
voltage of Comparative Example 1. Accordingly, current effi-
ciency (cd/A) and power efficiency (Im/W) of the organic
light emitting display device according to an exemplary
embodiment of the present disclosure are respectively
increased by 40% and 65% than current efficiency and power
efficiency of Comparative Example 1.

[0136] Since the overcoating layer and the buffer layer for
reducing step difference of the present disclosure are used,
the organic light emitting display device according to an
exemplary embodiment of the present disclosure illustrated
in FIG. 1A obtains equivalent or higher light extraction effi-
ciency. It also includes the organic light emitting layer with
smaller thickness as compared with Comparative Example 1.
More details thereof will be described with reference to Table
2.

TABLE 2
Driving
voltage Cd/A Im/W
Comparative Example 1 12.8 66 16
Organic light emitting display device 7.8 97 39

according to an exemplary embodiment of the
present disclosure

[0137] Referring to Table 2, each of Comparative Example
1 and the organic light emitting display device according to an
exemplary embodiment of the present disclosure is white
organic light emitting element designed by laminating two
organic light emitting layers. One of the two organic light
emitting layers is an organic light emitting layer configured to
emit blue light, and the other one is an organic light emitting
layer configured to emit yellow-green light. These two
organic light emitting layers are laminated.

[0138] Referring to Table 2, the organic light emitting dis-
play device according to an exemplary embodiment of the
present disclosure has a structure in which a substrate, an
overcoating layer, a buffer layer for reducing step difference,
an anode, an organic light emitting layer, and a cathode are
laminated from the bottom. Herein, to be specific, the organic
light emitting layer has a structure in which a charge injection
or transporting layer of 50 nm, an organic light emitting layer
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of 20 nm configured to emit yellow-green light, a charge
injection or transporting layer of 70 nm, an organic light
emitting layer of 20 nm configured to emit blue light, and a
charge injection or transporting layer of 70 nm are laminated
from the bottom. Herein, the overcoating layer and the buffer
layer for reducing step difference respectively refer to the
overcoating layer and the buffer layer for reducing step dif-
ference ofthe present disclosure. Herein, the charge injection
or transporting layers may include a hole injection layer, a
hole transporting layer, a charge generation layer, an electron
injection layer, an electron transporting layer, and etc.

[0139] Referring to Table 2, in the organic light emitting
display device according to an exemplary embodiment of the
present disclosure, each of the organic light emitting layer
configured to emit blue light, the organic light emitting layer
configured to emit yellow-green light, and the charge injec-
tion or transporting layers, has a thickness of smaller than 100
nm. In other words, in the organic light emitting display
device according to an exemplary embodiment of the present
disclosure, each layer constituting the organic light emitting
layer has a thickness of smaller than 100 nm.

[0140] Referring to Table 2, Comparative Example 1 does
not use the overcoating layer and the buffer layer for reducing
step difference of the present disclosure and includes charge
injection or transporting layers having smaller thickness than
the charge injection or transporting layers in the organic light
emitting display device according to an exemplary embodi-
ment of the present disclosure. Except this matter, Compara-
tive Example 1 and the organic light emitting display device
according to an exemplary embodiment of the present disclo-
sure have the same structure.

[0141] Referring to Table 2, the thickness of the organic
light emitting layer in the organic light emitting display
device according to an exemplary embodiment of the present
disclosure is smaller by about 36% than the thickness of the
organic light emitting layer in Comparative Example 1. A
driving voltage (V) of the organic light emitting display
device according to an exemplary embodiment of the present
disclosure is lower by 5V than a driving voltage of Compara-
tive Example 1. Accordingly, current efficiency and power
efficiency of the organic light emitting display device accord-
ing to an exemplary embodiment of the present disclosure are
respectively increased by 47% and 140% than current effi-
ciency and power efficiency of Comparative Example 1.

[0142] That is, since the overcoating layer and the buffer
layer for reducing step difference of the present disclosure are
used, it is possible to remarkably reduce thickness of the
organic light emitting layer and also possible to improve light
extraction efficiency. Accordingly, it is possible to obtain
higher effects in terms of reduction in a driving voltage and
power consumption, and current efficiency and power effi-
ciency.

[0143] Hereinafter, various features of the organic light
emitting display device including the overcoating layer hav-
ing the plurality of recesses and the buffer layer for reducing
step difference according to an exemplary embodiment of the
present disclosure will be described.

[0144] According to another feature of the present disclo-
sure, a top surface of the buffer layer has a more gradual
curvature than the plurality of protrusions or the plurality of
recesses.

[0145] According to yet another feature of the present dis-
closure, the overcoating layer includes a first connection part
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configured to connect the recesses or a second connection
part configured to connect the protrusions.

[0146] According to still another feature of the present
disclosure, in case the overcoating layer includes the first
connection part, the buffer layer disposed on the recess has
greater thickness than the buffer layer disposed on the first
connection part. Further, in case the overcoating layer
includes the second connection part, the buffer layer disposed
on the protrusion has smaller thickness than the buffer layer
disposed on the second connection part.

[0147] According to still another feature of the present
disclosure, the anode, the organic light emitting layer, and the
cathode have top and bottom surfaces having recesses and
protrusions resembling a shape of the buffer layer.

[0148] According to still another feature of the present
disclosure, assuming that a radius of protrusion or recess is
R1, a radius of its adjacent protrusion or recess is R2, and a
distance between the centers of the adjacent protrusions or
recesses is S, the sum of R1 and R2 is equal to or greater than
S.

[0149] According to still another feature of the present
disclosure, the organic light emitting layer includes a blue
organic light emitting layer and emits white light.

[0150] According to still another feature of the present
disclosure, the buffer layer is a layer in which nanoparticles
having a higher refractive index than a polymer binder or
photoresist are dispersed in the polymer binder or the photo-
resist.

[0151] According to still another feature of the present
disclosure, the organic light emitting display device further
includes: an insulation layer disposed between the substrate
and the color filter and having a lower refractive index than
the overcoating layer and the color filter.

[0152] According to still another feature of the present
disclosure, the organic light emitting display device further
includes: an air gap disposed between the substrate and the
color filter.

[0153] Hereinafter, various features of the organic light
emitting display device including the overcoating layer hav-
ing the plurality of edge-cut recesses and the filling layer
according to an exemplary embodiment of the present disclo-
sure will be described.

[0154] According to another feature of the present disclo-
sure, the filling layer is configured to planarize an upper
portion of the overcoating layer.

[0155] According to yet another feature of the present dis-
closure, the filling layer fills only a partial space of the recess
from the bottom of the recess, so that the filling layer is
disposed to have an embossed structure.

[0156] Hereinafter, various features of the method for
manufacturing the organic light emitting display device
including the overcoating layer having the plurality of edge-
cut recesses and the buffer layer for reducing step difference
according to an exemplary embodiment of the present disclo-
sure will be described.

[0157] According to another feature of the present disclo-
sure, the forming the overcoating layer includes coating a
photoresist material on the color filter and forming the plu-
rality of protrusions or the plurality of recesses of the over-
coating layer by a photolithography process.

[0158] According to yet another feature of the present dis-
closure, the forming a buffer layer includes spin-coating a
polymer binder or photoresist in which nanoparticles are
dispersed.
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[0159] According to still another feature of the present
disclosure, the spin-coating includes controlling thickness of
the buffer layer by controlling a spin-coating speed and a
viscosity of the polymer binder or photoresist.

[0160] According to still another feature of the present
disclosure, the method for manufacturing the organic light
emitting display device further includes: forming a sacrificial
layer to be pyrolyzed between the substrate and the color
filter; and forming an air gap between the substrate and the
color filter by performing a thermal process to the sacrificial
layer.

[0161] Hereinafter, various features of the organic light
emitting display device including the organic light emitting
element having a shape resembling a morphology of a non-
flat surface according to an exemplary embodiment of the
present disclosure will be described.

[0162] According to another feature of the present disclo-
sure, the organic light emitting display device further
includes: a second passivation layer disposed between the
overcoating layer and the organic light emitting layer. The
second passivation layer is formed of an inorganic insulation
material and has a refractive index closer to a refractive index
of the anode than a refractive index of the overcoating layer.
Further, the second passivation layer has a shape resembling
the morphology of the non-flat surface of the overcoating
layer.

[0163] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic light emitting display device, comprising:

a substrate;

a color filter;

an overcoating layer disposed on the color filter and
includes a plurality of protrusions or a plurality of
recesses overlapped with the color filter;

a buffer layer for reducing a step difference on the over-
coating layer and having a higher refractive index than
the overcoating layer and configured to reduce the step
difference by the plurality of protrusions or the plurality
of recesses; and

an organic light emitting element on the buffer layer and
including an anode, an organic light emitting layer on
the anode, and a cathode on the organic light emitting
layer.

2. The organic light emitting display device according to
claim 1, wherein a top surface of the buffer layer has a more
gradual curvature than the plurality of protrusions or the
plurality of recesses.

3. The organic light emitting display device according to
claim 2, wherein the overcoating layer includes a first con-
nection part configured to connect the recesses or a second
connection part configured to connect the protrusions.

4. The organic light emitting display device according to
claim 3, wherein in case the overcoating layer includes the
first connection part, the buffer layer on the recess has greater
thickness than the buffer layer on the first connection part, and
in case the overcoating layer includes the second connection
part, the buffer layer on the protrusion has smaller thickness
than the buffer layer on the second connection part.
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5. The organic light emitting display device according to
claim 2, wherein the anode, the organic light emitting layer,
and the cathode have top and bottom surfaces having recesses
and protrusions resembling a shape of the buffer layer.

6. The organic light emitting display device according to
claim 1, wherein assuming that a radius of protrusion or
recess is R1, a radius ofits adjacent protrusion or recess is R2,
and a distance between the centers of the adjacent protrusions
or recesses is S, then the sum of R1 and R2 is equal to or
greater than S.

7. The organic light emitting display device according to
claim 1, wherein the organic light emitting layer includes a
blue organic light emitting layer and emits white light.

8. The organic light emitting display device according to
claim 1, wherein the buffer layer is a layer in which nanopar-
ticles having a higher refractive index than a polymer binder
or photoresist are dispersed in the polymer binder or the
photoresist.

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

an insulation layer between the substrate and the color filter
and having a lower refractive index than the overcoating
layer and the color filter.

10. The organic light emitting display device according to
claim 1, wherein the substrate and the color filter are config-
ured to have an air gap therebetween.

11. An organic light emitting display device, comprising:

a substrate;

a color filter on the substrate;

an overcoating layer on the color filter and including a
plurality of edge-cut recesses on the color filter that are
overlapped with the color filter and configured to expose
portions of the color filter;

a filing layer on the overcoating layer and having a higher
refractive index than the overcoating layer and config-
ured to fill at least apart of the inside of the plurality of
edge-cut recesses; and

an organic light emitting element on the filling layer and
including an anode, an organic light emitting layer on
the anode, and a cathode on the organic light emitting
layer,

wherein each of the plurality of edge-cut recesses has an
inclined and curved side surface.

12. The organic light emitting display device according to
claim 11, wherein the filling layer is configured to planarize
an upper portion of the overcoating layer.

13. The organic light emitting display device according to
claim 11, wherein the filling layer fills only a partial space of
the recess from the bottom of the recess, so that the filling
layer is configured to have an embossed structure.

14. A method for manufacturing an organic light emitting
display device, comprising:

forming a color filter on a substrate;

forming an overcoating layer including a plurality of pro-
trusions or a plurality of recesses disposed on the color
filter to be overlapped with the color filter;

forming a buffer layer for reducing a step difference, which
has a higher refractive index than the overcoating layer
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and reduces the step difference caused by the plurality of
protrusions or the plurality of recesses, on the overcoat-
ing layer; and

forming an organic light emitting element by laminating an

anode, an organic light emitting layer, and a cathode in
sequence on the buffer layer.

15. The method for manufacturing an organic light emit-
ting display device according to claim 14, wherein the form-
ing of the overcoating layer includes:

coating a photoresist material on the color filter; and

forming the plurality of protrusions or the plurality of

recesses of the overcoating layer by a photolithography
process.

16. The method for manufacturing an organic light emit-
ting display device according to claim 14, wherein the form-
ing of the buffer layer includes:

spin-coating a polymer binder or photoresist in which

nanoparticles are dispersed.

17. The method for manufacturing an organic light emit-
ting display device according to claim 16, wherein the spin-
coating includes:

controlling a thickness of the buffer layer by controlling a

spin-coating speed and a viscosity of the polymer binder
or photoresist.

18. The method for manufacturing an organic light emit-
ting display device according to claim 14, further comprising:

forming a sacrificial layer to be pyrolyzed between the

substrate and the color filter; and

forming an air gap between the substrate and the color filter

by performing a thermal process to the sacrificial layer.

19. An organic light emitting display device, comprising:

a substrate;

a color filter on the substrate;

an overcoating layer on the color filter and including a

plurality of protrusions or a plurality of recesses
arranged to be overlapped with the color filter; and

an organic light emitting element on the overcoating layer

and including an anode, an organic light emitting layer
on the anode, and a cathode on the organic light emitting
layer,

wherein the organic light emitting element is in direct

contact with a non-flat surface of the overcoating layer,
and each of the anode, the organic light emitting layer,
and the cathode has a shape resembling a morphology of
the non-flat surface of the overcoating layer.

20. The organic light emitting display device according to
claim 19, further comprising:

a second passivation layer between the overcoating layer

and the organic light emitting layer,

wherein the second passivation layer is formed of an inor-

ganic insulation material,

the second passivation layer has a refractive index closer to

arefractive index of the anode than a refractive index of
the overcoating layer, and

the second passivation layer has a shape resembling the

morphology of the non-flat surface of the overcoating
layer.
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