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(57) ABSTRACT

The present disclosure relates to an organic light-emitting
diode (OLED) display, and more particularly, to an OLED
display having improved light extraction efficiency. Accord-
ing to the present disclosure, since a plurality of holes are
formed in a first electrode of a light-emitting diode and a
insulating material is disposed in each of the holes, an
organic light-emitting layer and a second electrode consti-
tute a microlens, thereby improving light extraction effi-
ciency of the OLED display. As a result, brightness may be
improved, and power consumption may be reduced. In
particular, since the plurality of holes are formed in the first
electrode and the insulating material is disposed in each of
the plurality of holes, an interface between the insulating
material and the first electrode is decreased, thereby further
improving light extraction efficiency.

19 Claims, 7 Drawing Sheets
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1
ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §
119(a) of Korean Patent Application No. 2017-0144068,
filed Oct. 31, 2017, in the Korean Intellectual Property
Office, which is incorporated herein by reference in its
entirety.

BACKGROUND

Technical Field

The present disclosure relates to an organic light emitting
diode display device, and more particularly, to an organic
light emitting diode display device having improved light
extraction efliciency.

Description of the Related Art

Recently, with the advent of an information-oriented
society, as interest in information displays for processing
and displaying a massive amount of information and
demand for portable information media have increased, a
display field has rapidly advanced. Thus, various light and
thin flat panel display devices have been developed and
highlighted.

As specific examples of the flat display devices, there are
aliquid crystal display (LCD) device, a plasma display panel
(PDP) device, a field emission display (FED) device, an
electroluminescence display (ELD) device, an organic light
emitting diode (OLED) display device, and the like. The flat
display devices exhibit excellent characteristics in terms of
thinning, lightening, and reductions in the power consump-
tion thereof and thus have rapidly replaced the conventional
cathode ray tube (CRT) displays.

Among the flat panel display devices, the OLED display
device is an emissive type device and does not require a
backlight unit used in a non-emissive type device, i.e., the
LCD device. As a result, the OLED display device has light
weight and a thin profile.

In addition, the OLED display device has advantages of
a viewing angle, a contrast ratio, and power consumption as
compared with the LCD device. Furthermore, the OLED
display device may be driven with a low direct current (DC)
voltage and has rapid response speed. Moreover, since inner
elements of the OLED display device have a solid phase, the
OLED display device has high durability against an external
impact and has a wide available temperature range.

Specifically, since the OLED display device is manufac-
tured through a simple process, manufacturing costs may be
reduced as compared with the LCD device.

However, in the OLED display device, while light emitted
from an organic light-emitting layer passes through various
components and is emitted to the outside, a large portion of
the light is lost. Thus, light emitted to the outside of the
OLED display device is only about 20% of the light emitted
from the organic light-emitting layer.

Here, since an amount of the light emitted from the
organic light-emitting layer is increased along with an
amount of a current applied to the OLED display device, it
is possible to further increase brightness of the OLED
display device by applying more currents to the organic
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light-emitting layer. However, in this case, power consump-
tion 1s increased, and lifetime of the OLED display device
is also reduced.

Therefore, various researches have recently been con-
ducted to improve the light extraction efficiency of the
OLED display device.

BRIEF SUMMARY

The present disclosure has been made to solve the above
problems and is directed to providing an organic light
emitting diode display device having improved light extrac-
tion efficiency.

As a result, the present disclosure is directed to also
improving efficiency by improving lifespan of the organic
light emitting diode display device.

In order to achieve the objects as described above, the
present disclosure provides an organic light emitting diode
display device including a plurality of pixel regions, each of
the pixel regions including a light-emitting diode (LED), the
LED including: a first electrode having a plurality of holes
formed therein; an insulating material disposed in each of
the holes and protruding from the first electrode; an organic
light-emitting layer disposed on upper surfaces of the first
electrode and the insulating material; and a second electrode
disposed on the organic light-emitting layer, wherein both of
the organic light-emitting layer and the second electrode
have a shape that conforms to the upper surfaces of the first
electrode and the insulating material.

It is to be understood 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 SEVERAL
VIEWS OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure, are incorpo-
rated in and constitute a part of this specification, illustrate
implementations of the disclosure and together with the
description serve to explain the principles of embodiments
of the disclosure.

FIG. 1 is a schematic cross-sectional view illustrating an
organic light-emitting diode (OLED) display according to a
first embodiment of the present disclosure.

FIG. 2 is a schematic plan view illustrating an arrange-
ment structure of a insulating material of the OLED display
according to the first embodiment of the present disclosure.

FIG. 3 is a cross-sectional view taken along line II-II of
FIG. 2, and schematically illustrates a state in which light is
guided.

FIGS. 4A and 4B illustrate simulation results for a com-
parison of a measured light extraction state of the OLED
display according to the first embodiment of the present
disclosure.

FIGS. 4C and 4D illustrate simulation results of a light
extraction state of the OLED display according to a height
of a insulating material of the OLED display according to
the first embodiment of the present disclosure.

FIG. 5 is a schematic view illustrating a state in which
light is guided according to a second embodiment of the
present disclosure.

FIGS. 6A and 6B illustrate simulation results for a com-
parison of a measured light extraction state of an OLED
display according to a second embodiment of the present
disclosure.
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FIGS. 6C to 6F illustrate simulation results of measure-
ment of a light extraction state of the OLED display accord-
ing to a height of a concave portion of a insulating material
of the OLED display according to the second embodiment of
the present disclosure.

DETAILED DESCRIPTION

Hereinafter, embodiments according to the present dis-
closure will be described in detail with reference to the
drawings.

First Embodiment

FIG. 1 is a schematic cross-sectional view illustrating an
organic light-emitting diode (OLED) display according to a
first embodiment of the present disclosure.

Prior to the description, an OLED display 100 according
to an embodiment of the present disclosure is classified into
a top emission type or a bottom emission type according to
a transmission direction of emitted light. Hereinafter, the
bottom emission type will be described as an example in the
present disclosure.

For convenience of description, each pixel region SP is
defined to have an emission region EA in which a light-
emitting diode (LED) E is provided to substantially imple-
ment an image, and a circuit region CA, which is disposed
along an edge of the emission region EA, in which a driving
thin film transistor DTr is formed.

As shown, in the OLED display 100 according to the first
embodiment of the present disclosure, a substrate 101, on
which the driving thin film transistor DTr and the LED E are
formed, is encapsulated by a protective film 102.

More specifically, a semiconductor layer 103 is disposed
in the circuit region CA of each pixel region SP on the
substrate 101. The semiconductor layer 103 is made of
silicon and has an active region 103A configured to consti-
tute a channel and disposed at a central portion thereof, a
source region 1035, and a drain region 103¢, which are
doped with high concentration impurities and are disposed
on both side surfaces of the active region 103a.

A gate insulating layer 105 is disposed on an upper
portion of the semiconductor layer 103.

A gate electrode 107 and a gate line, which is not shown
in the drawings and extends in one direction, are provided on
an upper portion of the gate insulating layer 105 so as to
correspond to the active region 103a of the semiconductor
layer 103.

In addition, a first interlayer insulating layer 109« is
disposed on the gate electrode 107 and the gate line (not
shown). In this case, the first interlayer insulating layer 109a
and the gate insulating layer 105 below the first interlayer
insulating layer 109 have first and second semiconductor
layer contact holes 116 configured to respectively expose the
source and drain regions 1036 and 103¢ disposed on both
side surfaces of the active region 103a.

Next, source and drain electrodes 110a and 1106 are
spaced apart from each other on an upper portion of the first
interlayer insulating layer 1094 having the first and second
semiconductor layer contact holes 116 and are respectively
in contact with the source and drain regions 1034 and 103¢
exposed through the first and second semiconductor layer
contact holes 116.

A second interlayer insulating layer 1095 is disposed on
the upper portion of the first interlayer insulating layer 109a
to be exposed between the source electrode 110a and the
drain electrode 1104.
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In this case, the source and drain electrodes 110a and
1105, the semiconductor layer 103 having the source and
drain regions 1035 and 103c¢ in contact with the source and
drain electrodes 110a and 1105, the gate insulating layer 105
disposed on the upper portion of the semiconductor layer
103, and the gate electrode 107 constitute the driving thin
film transistor DTr.

Although not shown in the drawings, data lines (not
shown) are provided to cross the gate lines (not shown) and
define the pixel regions SP. A switching thin film transistor
(not shown) has the same structure as the driving thin film
transistor DTr and is connected to the driving thin film
transistor DTr.

The switching thin film transistor (not shown) and the
driving thin film transistor DTr are illustrated in the draw-
ings as having a top gate type in which the semiconductor
layer 103 may be formed as a polysilicon semiconductor
layer or an oxide semiconductor layer. As a modified
example, the switching thin film transistor (not shown) and
the driving thin film transistor DTr may have a bottom gate
type in which the semiconductor layer 103 is made of
intrinsic amorphous silicon and doped amorphous silicon.

The substrate 101 may be mainly made of a glass mate-
rial, but may be made of a transparent plastic material such
as a polyimide material, which is bendable or flexible. When
a plastic material is used as a material of the substrate 101,
polyimide having high heat resistance, which is able to
withstand high temperature, may be used, considering that a
high temperature deposition process is performed on the
substrate 101. An entire surface of the substrate 101 may be
covered with at least one buffer layer (not shown).

In this case, the driving thin film transistor DTr provided
in the circuit region CA may have a characteristic in which
a threshold voltage thereof is shifted by light. To prevent
this, the OLED display 100 according to the present appli-
cation may further include a light shielding layer (not
shown) provided below the semiconductor layer 103.

The light shielding layer (not shown) is provided between
the substrate 101 and the semiconductor layer 103 to block
light incident on the semiconductor layer 103 through the
substrate 101 and to minimize or prevent a change in a
threshold voltage of a transistor, caused by external light.
The light shielding layer (not shown) is covered with the
buffer layer (not shown).

A wavelength conversion layer 106 is disposed on an
upper portion of the second interlayer insulating layer 1095
corresponding to the emission region EA of each pixel
region SP.

The wavelength conversion layer 106 includes a color
filter which transmits only a wavelength of a color set in the
pixel region SP among white light emitted to the substrate
101 from the LED E.

In an example, the wavelength conversion layer 106 may
transmit only a red, green, or blue wavelength. For example,
in the OLED display 100 according to the present applica-
tion, one unit pixel may include adjacent first to third pixel
regions SP. In this case, the wavelength conversion layer 106
provided in the first pixel region may include a red color
filter, the wavelength conversion layer 106 provided in the
second pixel region may include a green color filter, and the
wavelength conversion layer 106 provided in the third pixel
region may include a blue color filter.

Additionally, in the OLED display 100 according to the
present application, one unit pixel may further include a
white pixel in which the wavelength conversion layer 106 is
not formed.
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In another example, the wavelength conversion layer 106
may include quantum dots which have a size capable of
emitting light with a color set in each pixel region SP
according to white light emitted to the substrate 101 from the
LED E. Here, the quantum dots may be selected from
quantum dots of CdS, CdSe, CdTe, ZnS, ZnSe, GaAs, GaP,
GaAs—P, Ga—Sb, InAs, InP, InSb, AlAs, AIP, AlSb, and the
like.

For example, the wavelength conversion layer 106 of the
first pixel region may include quantum dots of CdSe or InP,
the wavelength conversion layer 106 of the second pixel
region may include quantum dots of CdZnSeS, and the
wavelength conversion layer 106 of the third pixel region
may include quantum dots of ZnSe. As described above, the
OLED display 100, in which the wavelength conversion
layer 106 includes quantum dots, may have a high color
gamut.

In another example, the wavelength conversion layer 106
may include a color filter containing quantum dots.

An overcoat layer 108, which has a drain contact hole 118
configured to expose the second interlayer insulating layer
1095 and the drain electrode 1105, is disposed on an upper
portion of the wavelength conversion layer 106. A first
electrode 111 is disposed on an upper portion of the overcoat
layer 108, and the first electrode 111 connected to the drain
electrode 1105 of the driving thin film transistor DTr and
made of a material having a relatively high work function
value constitute an anode of the LED E.

The first electrode 111 may be made of a metal oxide such
as indium tin oxide (ITO) or indium zinc oxide (IZO), a
mixture of a metal and an oxide such as ZnO: Al or SnO,:Sh,
or a conductive polymer such as poly(3-methylthiophene),
poly[3,4-(ethylene-1,2-dioxy)thiophene] (PEDT), polypyr-
role, or polyaniline. In addition, the first electrode 111 may
be made of a carbon nano tube (CNT), graphene, a silver
nanowire, or the like.

The first electrode 111 is disposed for each pixel region
SP, and a bank 119 may be disposed between the first
electrodes 111 disposed for each pixel region SP.

That is, the bank 119 is disposed along an edge of each
pixel region SP. The first electrode 111 is separately disposed
for each pixel region SP by the bank 119, which is a
boundary portion of each pixel region SP.

The bank 119 may be made of a transparent insulating
material having a refractive index of about 1.5. For example,
the bank 119 may be made of at least one selected from an
acrylic-based resin, an epoxy resin, a phenol resin, a poly-
amide-based resin, a polyimide-based resin, an unsaturated
polyester-based resin, a polyphenylene-based resin, a poly-
phenylene sulfide-based resin, benzocyclobutene, and pho-
toresist, but the present disclosure is not limited thereto. The
bank 119 may be made of any insulating material having a
refractive index of about 1.5.

Here, in the OLED display 100 according to the first
embodiment of the present disclosure, the first electrode 111
has a plurality of holes H spaced apart from each other by
a certain distance. The plurality of holes H expose the
overcoat layer 108 disposed on a lower portion of the first
electrode 111.

A insulating material 200 is disposed on an upper portion
of the first electrode 111. The insulating material 200 has a
semicircular shape which is disposed in each of the holes H
formed in the first electrode 111 and protrudes convexly to
the protective film 102 from the first electrode 111.

The insulating material 200 may include the same mate-
rial as the bank 119 disposed along the edge of each pixel
region SP in some embodiments, but this is not required.
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That is, the insulating material 200 may be made of a
transparent insulating material. A traveling path of light
emitted from the LED E is changed due to the transparent
insulating material 200, thereby increasing light extraction
efficiency. This will be described in more detail later.

Since the insulating material 200 is made of the same
material as the bank 119 in some embodiments in might be
called a bank, a bank pattern or a bank pattern layer. The
insulating material 200 may be formed in each of the holes
H of the first electrode 111 by using a process of forming the
bank 119 without a separate process. Accordingly, the sepa-
rate process is not required. For example, the bank 119 and
the insulating material 200 may be formed simultaneously
by using a transflective mask.

An organic light-emitting layer 113 is disposed on the first
electrode 111 and the insulating material 200. The organic
light-emitting layer 113 may include a single layer made of
a light-emitting material. In order to improve luminous
efficiency, the organic light-emitting layer 113 may include
a multi-layer of a hole injection layer, a hole transport layer,
an emitting material layer, an electron transport layer, and an
electron injection layer. Namely, the light emitting layer is
composed of a plurality of different sublayers of which some
of the sublayers emit light and some of the sublayers do not
emit light.

A second electrode 115, which constitutes a cathode, is
disposed on an entire upper surface of the organic light-
emitting layer 113.

The second electrode 115 may be made of a material
having a relatively low work function value. In this case, the
second electrode 115 may have a double-layered structure
and may include a single layer of an alloy containing a first
metal such as Ag, which has a relatively low work function,
and a second metal such as Mg at a certain ratio, or multiple
layers thereof.

In the OLED display 100, when a certain voltage is
applied to the first electrode 111 and the second electrode
115 according to a selected signal, holes injected from the
first electrode 111 and electrons injected from the second
electrode 115 are transported to the organic light-emitting
layer 113 to form excitons. When the excitons transit from
an excited state to a ground state, light is generated and
emitted in the form of visible light.

In this case, the emitted light passes through the trans-
parent first electrode 111 and is emitted to the outside, so that
the OLED display 100 may implement any image.

Here, both of the organic light-emitting layer 113 and the
second electrode 115 sequentially disposed on the first
electrode 111 and the insulating material 200 have a shape
that conforms to the upper surfaces of the first electrode 111
and the insulating material 200 protruding convexly from
the first electrode 111. In a preferred embodiment, layers 113
and 115 are deposited as conformal layers, meaning that they
have a uniform thickness at all locations they are deposited
and their upper surface, after being deposited, has generally
the same shape as the surface on which they are deposited.

Therefore, the organic light-emitting layer 113 and the
second electrode 115 have a convex portion 117a corre-
sponding to the insulating material 200 and a flat portion
1175 corresponding to the first electrode 111 to constitute a
microlens 117.

The protective film 102 in the form of a thin film is formed
above the driving thin film transistor DTr and the LED E, so
that the OLED display 100 is encapsulated through the
protective film 102.

Here, in order to prevent external oxygen and moisture
from permeating into the OLED display 100, the protective
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film 102 includes at least two stacked inorganic protective
films. In this case. it is preferable that an organic protective
film is interposed between the two inorganic protective films
to compensate for impact resistance of the inorganic pro-
tective films.

Since moisture and oxygen are prevented from permeat-
ing into side surfaces of the organic protective film in such
a structure in which the organic protective film and the
inorganic protective film are alternately and repeatedly
stacked, it is preferable that the inorganic protective film
completely covers the organic protective film.

Accordingly, the OLED display 100 can prevent moisture
and oxygen from permeating into the OLED display 100
from the outside.

As described above, in the OLED display 100 according
to the first embodiment of the present disclosure, since the
plurality of holes H are formed in the first electrode 111 of
the LED E and the insulating material 200 protruding
convexly from the first electrode 111 is disposed in each of
the holes H, a path of light emitted from the LED E can be
changed to improve light extraction efficiency, thereby
improving brightness and reducing power consumption.

That is, since the insulating material 200 protruding
convexly from the first electrode 111 is provided, the organic
light-emitting layer 113 and the second electrode 115
sequentially disposed on the first electrode 111 and the
insulating material 200 have the convex portion 117a and
the flat portion 1175. Thus, the organic light-emitting layer
113 and the second electrode 115 constitute the microlens
117.

Therefore, light extraction efficiency of the OLED display
100 is improved.

In particular, in the OLED display 100 according to the
first embodiment of the present disclosure, since the plural-
ity of holes H are formed in the first electrode 111 and the
insulating material 200 is disposed in each of the plurality of
holes H, an interface between the insulating material 200
and the first electrode 111 is reduced. As a result, light
extraction efficiency is also improved.

FIG. 2 is a schematic plan view illustrating an arrange-
ment structure of the insulating material 200 of the OLED
display 100 according to the first embodiment of the present
disclosure.

As shown, the first electrode 111, which is disposed on the
upper portion of the overcoat layer (108 of FIG. 1) so as to
correspond to the emission region (EA of FIG. 1) of each
pixel region (SP of FIG. 1), has the plurality of holes H
spaced apart from each other by a certain distance. In this
case, the first electrode 111 defined by the holes H may have
a hexagonal shape when viewed from above, but the present
disclosure is not limited thereto. The first electrode 111 may
have various overall shapes such as a hemispherical shape,
a semi-ellipsoidal shape, and a rectangular shape.

The plurality of holes H may be disposed in a hexagonal
honeycomb structure when viewed from above. In other
words, one hole H having a hexagonal shape and another
adjacent hole H, which are spaced apart from each other by
a certain distance, may share one side to integrally form a
hexagonal honeycomb structure.

Therefore, the insulating materials 200 disposed in the
holes H may also be disposed in a hexagonal honeycomb
structure.

A width w1 of the insulating material 200 disposed in the
hole H may be in a range of 8,000 A to 12,000 A. Due to
limitations in an exposure ratio and a material itself in a
current process, it is very difficult to form the insulating
material 200 such that the width W1 is less than 8,000 A. In
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addition, when the width w1 of the insulating material 200
is greater than 12,000 A, a non-emission region is increased
by the insulating material 200 to affect brightness of the
OLED display (100 of FIG. 1).

Therefore, it is preferable that the insulating material 200
is formed to have the width w1 of 8,000 A to 12,000 A.

Here, it is preferable that a width w2 between adjacent
insulating materials 200 is about three times the width w1 of
the insulating material 200 such that brightness of the OLED
display (100 of FIG. 1) is not affected by the insulating
material 200. The area of the metal is therefore about three
times greater than the area of the holes in the first electrode.
FIG. 3 is a cross-sectional view taken along line II-II of FIG.
2, and schematically illustrates a state in which light is
guided.

As shown, the LED E including the first electrode 111, the
organic light-emitting layer 113, and the second electrode
115 is disposed on the upper portion of the overcoat layer
108 corresponding to the emission region (EA of FIG. 1).

Here, the first electrode 111 has the plurality of holes H
spaced apart from each other by a certain distance, and the
insulating material 200 is disposed in each of the holes H.
The insulating material 200 has a semicircular shape pro-
truding convexly to the protective film (102 of FIG. 1) from
each of the holes H of the first electrode 111 and is made of
a transparent insulating material. The desired height and
shape of the concave insulating material 200 is made by the
following steps: forming an insulating material layer on the
first electrode; forming first photoresist patterns having
different thickness on the insulating material layer; first
etching the insulating material layer using the first photo-
resist patterns; forming second photoresist patterns by ash-
ing; second etching the insulating material layer using the
second photoresist patterns; and removing the second pho-
toresist patterns.

The organic light-emitting layer 113 and the second
electrode 115 are sequentially disposed on the first electrode
111 and the insulating material 200. The organic light-
emitting layer 113 and the second electrode 115 have the
convex portion 117a corresponding to the insulating mate-
rial 200 and the flat portion 1175 corresponding to the first
electrode 111 along the surfaces of the first electrode 111 and
the insulating material 200 to constitute the microlens 117.

Here, since a refractive index of the organic light-emitting
layer 113 is substantially the same as a refractive index of
the first electrode 111, an optical path of light generated in
the organic light-emitting layer 113 is not changed at an
interface between the organic light-emitting layer 113 and
the first electrode 111.

The organic light-emitting layer 113 and the first electrode
111 may have a refractive index in a range of 1.7 to 2.0.

Since the overcoat layer 108 has a refractive index of
about 1.5, while light emitted from the organic light-emit-
ting layer 113 passes through the first electrode 111 and is
extracted to the outside of the substrate (101 of FIG. 1), the
light emitted from the organic light-emitting layer 113 is
totally reflected at an interface between the first electrode
111 and the overcoat layer 108.

In this case, among the light totally reflected at the
interface between the first electrode 111 and the overcoat
layer 108, light L1 is extracted to the outside of the substrate
(101 of FIG. 1). However, some light has an angle greater
than a total reflection critical angle and thus is trapped
between the overcoat layer 108 and the first electrode 111 or
between the first electrode 111 and the second electrode 115
without being extracted to the outside of the substrate 101.
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Here, in the OLED display (100 of FIG. 1) according to
the first embodiment of the present disclosure, since the
organic light-emitting layer 113 and the second electrode
115 constitute the microlens 117, among light L.2 and light
L3 totally reflected at the interface between the first elec-
trode 111 and the overcoat layer 108, the light L2 is extracted
to the outside of the substrate (101 of FIG. 1) through
multiple reflections by traveling at an angle smaller than a
total reflection critical angle due to a curved shape of the
convex portion 1174 of the organic light-emitting layer 113
and the second electrode 115.

Therefore, light extraction efficiency is improved.

That is, although the OLED display (100 of FIG. 1)
according to the first embodiment of the present disclosure
does not include a separate microlens, the organic light-
emitting layer 113 and the second electrode 115 may con-
stitute the microlens 117 by the insulating material 200 and
the first electrode 111, thereby improving light extraction
efficiency.

In this case, total reflection may also be performed at the
interface between the first electrode 111 and the insulating
material 200. In the OLED display (100 of F1G. 1) according
to the first embodiment of the present disclosure, the plu-
rality ofholes H are formed in the first electrode 111, and the
insulating material 200 is disposed in each of the plurality of
holes H, thereby reducing the interface between the insu-
lating material 200 and the first electrode 111.

Therefore, among the light L2 and the light L3 totally
reflected at the interface between the first electrode 111 and
the insulating material 200 among the light emitted from the
organic light-emitting layer 113, the light L3 is extracted to
the outside of the substrate (101 of FIG. 1) through multiple
reflections by traveling at an angle smaller than a total
reflection critical angle due to the curved shape of the
convex portion 117a of the organic light-emitting layer 113
and the second electrode 115. As a result, light extraction
efficiency is also improved.

FIGS. 4A and 4B illustrate simulation results for a com-
parison of a measured light extraction state of the OLED
display 100 according to the first embodiment of the present
disclosure, and FIGS. 4C and 4D illustrate simulation results
of alight extraction state of the OLED display 100 according
to a height of the insulating material 200 of the OLED
display 100 according to the first embodiment of the present
disclosure.

Prior to the description, FIG. 4A illustrates an OLED
display in which a first electrode, an organic light-emitting
layer, and a second electrode are sequentially stacked on an
overcoat layer corresponding to an emission region in one
pixel region to constitute an LED, and a plurality of insu-
lating materials are disposed and spaced apart from each
other on an upper portion of the first electrode.

FIG. 4B illustrates the OLED display (100 of FIG. 1)
according to the first embodiment of the present disclosure,
in which the first electrode 111 having the plurality of holes
H, the organic light-emitting layer 113, and the second
electrode (115 of FIG. 3) are sequentially stacked on the
overcoat layer (108 of FIG. 3) corresponding to the emission
region (EA of FIG. 1) in one pixel region (SP of FIG. 1) to
constitute the LED (E of FIG. 3), and the insulating material
200 is disposed in each of the holes H of the first electrode
111.

Referring to FIG. 4A, it can be confirmed that a large
amount of light is totally reflected at an interface between
the first electrode and the insulating material. The light
totally reflected at the interface between the first electrode
and the insulating material has an angle greater than a total
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reflection critical angle and thus is trapped between the
overcoat layer and the first electrode or between the first
electrode and the second electrode without being extracted
to the outside of the substrate.

On the contrary, referring to FIG. 4B, it can be confirmed
that an amount of light totally reflected at an interface
between the first electrode 111 and the insulating material
200 is smaller as compared with that of FIG. 4A. In
particular, it can be confirmed that an amount of light
extracted to the outside of the substrate (101 of FIG. 1) is
greater as compared with that of FIG. 4A.

That is to say, as in the first embodiment of the present
disclosure, since the plurality of holes H are formed in the
first electrode 111 disposed on the upper portion of the
overcoat layer (108 of FIG. 3) corresponding to the emission
region (EA of FIG. 1) and the insulating material 200 is
disposed in each of the holes H, while light extraction
efficiency is improved through the microlens (117 of FIG. 3)
of the organic light-emitting layer 113 and the second
electrode (115 of FIG. 3), the light totally reflected at the
interface between the first electrode 111 and the insulating
material 200 can also be extracted to the outside of the
substrate (101 of FIG. 1).

Therefore, the light extraction efficiency can be further
improved, thereby improving brightness of the OLED dis-
play (100 of FIG. 1) without consuming additional power
and preventing a reduction in lifespan of the OLED display
(100 of FIG. 1).

Meanwhile, referring to the accompanying FIGS. 4C and
4D with F1G. 4B illustrating the OLED display (100 of FIG.
1) according to the first embodiment of the present disclo-
sure, in which the first electrode 111 having the plurality of
holes H, the organic light-emitting layer 113, and the second
electrode (115 of FIG. 3) are sequentially stacked on the
overcoat layer (108 of FIG. 3) corresponding to the emission
region (EA of FIG. 1) in one pixel region (SP of FIG. 1) to
constitute the LED (E of FIG. 3) and the insulating material
200 is disposed in each of the holes H of the first electrode
111, as a height hl of the insulating material 200 is
increased, an amount of light extracted to the outside of the
substrate 101 can be increased. Thus, it is preferable that the
height hl of the insulating material 200 is in a range of 5,000
A t0 9,000 A.

Here, when the height h1 of the insulating material 200 is
less than 5,000 A, it is difficult to expect light extraction
efficiency by the insulating material 200. When the height hl
of the insulating material 200 is greater than 9,000 A, light
incident from the LED (E of FIG. 3) may not travel toward
the substrate (101 of FIG. 1) but rather may be trapped inside
the LED (E of FIG. 3). Thus, light extraction efficiency may
be lowered.

Therefore, the height hl of the insulating material 200 can
be set in a range of 5,000 A to 9,000 A, thereby maximizing
light extraction efficiency.

As described above, in the OLED display (100 of FIG. 1)
according to the first embodiment of the present disclosure,
since the plurality of holes H are formed in the first electrode
111 of the LED (E of FIG. 3) and the insulating material 200
is disposed in each of the holes H so as to protrude convexly
from the first electrode 111, the organic light-emitting layer
113 and the second electrode (115 in FIG. 3) constitute the
microlens (117 of FIG. 3), thereby improving light extrac-
tion efficiency of the OLED display (100 of FIG. 1).

As a result, brightness can be improved, and power
consumption can be reduced.

In particular, the OLED display (100 of FIG. 1) according
to the first embodiment of the present disclosure, since the
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plurality of holes H are formed in the first electrode 111, and
the insulating material 200 is disposed in each of the
plurality of holes H, the interface between the insulating
material 200 and the first electrode 111 can be reduced,
thereby further improving light extraction efficiency.

Second Embodiment

FIG. 5 is a schematic view illustrating a state in which
light is guided according to a second embodiment of the
present disclosure.

As shown, an LED E including a first electrode 111, an
organic light-emitting layer 113, and a second electrode 115
is disposed on an upper portion of an overcoat layer 108
corresponding to an emission region (EA of FIG. 1) of one
pixel region (SP of FIG. 1).

Here, the first electrode 111 has a plurality of holes H
spaced apart from each other by a certain distance, and a
insulating material 200 is disposed in each of the holes H.

The insulating material 200 is made of a transparent
insulating material and has first and second protrusions 210a
and 21054 protruding convexly to a protective film 102 from
each of the holes H of the first electrode 111 and a concave
portion 210¢ which connects the first and second protrusions
210a and 2105 and is concave toward the first electrode 111.

The organic light-emitting layer 113 and the second
electrode 115 are sequentially disposed on the first electrode
111 and the insulating material 200. The organic light-
emitting layer 113 and the second electrode 115 have first
and second convex portions 217a and 2175 corresponding to
the first and second protrusions 210e¢ and 2106 of the
insulating material 200, a groove 217¢ corresponding to the
concave portion 210c¢ of the insulating material 200, and a
flat portion 217d corresponding to the first electrode 111
along surfaces of the first electrode 111 and the insulating
material 200, which thus constitutes a microlens 217.

Here, since a refractive index of the organic light-emitting
layer 113 is substantially the same as a refractive index of
the first electrode 111, an optical path of light generated in
the organic light-emitting layer 113 is not changed at an
interface between the organic light-emitting layer 113 and
the first electrode 111.

The organic light-emitting layer 113 and the first electrode
111 may have a refractive index in a range of 1.7 to 2.0.

Since the overcoat layer 108 has a refractive index of
about 1.5, while light emitted from the organic light-emit-
ting layer 113 passes through the first electrode 111 and is
extracted to the outside of a substrate (101 of FIG. 1), the
light emitted from the organic light-emitting layer 113 is
totally reflected at an interface between the first electrode
111 and the overcoat layer 108.

In this case, among the light totally reflected at the
interface between the first electrode 111 and the overcoat
layer 108, light L1 is extracted to the outside of the substrate
(101 of FIG. 1). However, some light has an angle greater
than a total reflection critical angle and thus is trapped
between the overcoat layer 108 and the first electrode 111 or
between the first electrode 111 and the second electrode 115
without being extracted to the outside of the substrate (101
of FIG. 1).

In an OLED display (100 of FIG. 1) according to a second
embodiment of the present disclosure, since the organic
light-emitting layer 113 and the second electrode 115 con-
stitute the microlens 217 having the first and second convex
portions 217a and 2176 and the groove 217¢, among light
totally reflected at an interface between the organic light-
emitting layer 113 and the overcoat layer 108, some light .2
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is extracted to the outside of the substrate (101 of FIG. 1)
through multiple reflections by traveling at an angle smaller
than a total reflection critical angle due to curved shapes of
the first and second convex portions 217a and 2175 and the
groove 217¢ of the organic light-emitting layer 113 and the
second electrode 115.

Therefore, light extraction efficiency is improved.

That is, although the OLED display (100 of FIG. 1)
according to the second embodiment of the present disclo-
sure does not include a separate microlens, the organic
light-emitting layer 113 and the second electrode 115 may
constitute the microlens 217 by the insulating material 200
and the first electrode 111, thereby improving light extrac-
tion efficiency.

In particular, since the organic light-emitting layer 113
and the second electrode 115 constitute the microlens 217
having the first and second convex portions 217a and 2175,
the groove 217¢, and the flat portion 217d, a curved area is
increased by the first and second convex portions 217a and
217b and the groove 217¢, thereby increasing a reflective
area.

Therefore, light extraction efficiency can be further
improved.

In this case, total reflection may also be performed at an
interface between the first electrode 111 and the insulating
material 200. In the OLED display (100 of FIG. 1) according
to the second embodiment of the present disclosure, the
plurality of holes H are formed in the first electrode 111, and
the insulating material 200 is disposed in each of the
plurality of holes H, thereby reducing the interface between
the insulating material 200 and the first electrode 111.

Therefore, among light totally reflected at the interface
between the first electrode 111 and the insulating material
200 among the light emitted from the organic light-emitting
layer 113, light L3 is extracted to the outside of the substrate
(101 of FIG. 1) through multiple reflections by traveling at
an angle smaller than a total reflection critical angle due to
the curved shapes of the first and second convex portions
217a and 2175 and the groove 217¢ of the organic light-
emitting layer 113 and the second electrode 115. As a result,
light extraction efficiency is also improved.

FIGS. 6A and 6B illustrate simulation results for a com-
parison of a measured light extraction state of the OLED
display 100 according to the second embodiment of the
present disclosure.

FIGS. 6C to 6E illustrate simulation results of measure-
ment of a light extraction state of the OLED display 100
according to a height of the concave portion 210¢ of the
insulating material 200 of the OLED display 100 according
to the second embodiment of the present disclosure.

Prior to the description, FIG. 6A illustrates an OLED
display in which a first electrode, an organic light-emitting
layer, and a second electrode are sequentially stacked on an
overcoat layer corresponding to an emission region in one
pixel region to constitute an LED, and a plurality of insu-
lating materials are disposed and spaced apart from each
other on an upper portion of the first electrode.

FIG. 6B illustrates the OLED display (100 of FIG. 1)
according to the second embodiment of the present disclo-
sure, in which the first electrode 111 having the plurality of
holes H, the organic light-emitting layer 113, and the second
electrode (115 of FIG. 5) are sequentially stacked on the
overcoat layer (108 of FIG. 5) corresponding to the emission
region (EA of FIG. 1) in one pixel region (SP of FIG. 1) to
constitute the LED (E of FIG. 5), and the insulating material
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200 having the first and second protrusions 210a and 2105
and the concave portion 210¢ is disposed in each of the holes
H of the first electrode 111.

In this case, the organic light-emitting layer 113 and the
second electrode 115 have the first and second convex
portions 217a and 2176 corresponding to the first and
second protrusions 210a and 2105 of the insulating material
200, the groove 217¢ corresponding to the concave portion
210c of the insulating material 200, and the flat portion 2174
corresponding to the first electrode 111, which thus consti-
tutes the microlens 217.

Referring to FIG. 6A, some of the light emitted from the
organic light-emitting layer is totally reflected at an interface
between the first electrode and the overcoat layer. In this
case, it can be confirmed that some of the light reflected at
the interface between the first electrode and the overcoat
layer is also totally reflected at an interface between the first
electrode and the insulating material.

Thus, light is trapped at the interface between the first
electrode and the overcoat layer and at the interface between
the first electrode and the insulating material.

On the contrary, referring to FIG. 6B, some of the light
emitted from the organic light-emitting layer 113 is totally
reflected at an interface between the first electrode 111 and
the overcoat layer 108. In this case, it can be confirmed that
some of the light totally reflected at the interface between the
first electrode 111 and the overcoat layer 108 passes through
the insulating material 200 and is reflected by the second
electrode (115 of FIG. 5) without being totally reflected at an
interface between the first electrode 111 and the insulating
material 200.

The light reflected by the second electrode (115 in FIG. 5)
is extracted to the outside of the substrate 101.

Therefore, in the OLED display (100 of FIG. 1) according
to the second embodiment of the present disclosure, since
the plurality of holes H are formed in the first electrode 111
disposed on the upper portion of the overcoat layer 108
corresponding to the emission region (EA of FIG. 1) and the
insulating material 200 having the first and second protru-
sions 210a and 2105 and the concave portion 210¢ is
disposed in each of the holes H, while light extraction
efficiency is improved through the microlens (217 of FIG. 5)
of the organic light-emitting layer 113 and the second
electrode (115 of FIG. 5), the light totally reflected at the
interface between the first electrode 111 and the insulating
material 200 can also be extracted to the outside of the
substrate (101 of FIG. 1).

Therefore, the light extraction efficiency can be further
improved, thereby improving brightness of the OLED dis-
play (100 of FIG. 1) without consuming additional power,
and preventing a reduction in lifespan of the OLED display
(100 of FIG. 1).

On the other hand, referring to FIGS. 6C and 6D, it can
be confirmed that as a height h2 of the concave portion 210¢
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is increased. Thus, it is preferable that the height h2 of the
concave portion 210c is in a range of % to %4 of a height hl
of the insulating material 200.

That is, a case in which the height h1 of the insulating
material 200 is in a range of 5,000 A to 9,000 A is most
appropriate for light extraction efliciency. Here, the height
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6,000 A.
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of the height h1 of the insulating material 200, it is difficult
to expect an increase effect of a curved surface by the
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concave portion 210c. When the height h2 of the concave
portion 210c is greater than 5 of the height hl of the
insulating material 200, due to limitations in an exposure
ratio and a material itself in a current process, it is difficult
to form the concave portion 210c. In addition, light incident
from the LED (E of FIG. 5) may not travel toward the
substrate (101 of FIG. 1) but rather may be trapped inside the
LED (E of FIG. 5). Thus, light extraction efficiency may be
lowered.

Therefore, it is preferable that the height h2 of the
concave portion 210c¢ of the insulating material 200 is in a
range of %5 to % of the height hl of the insulating material
200. The desired height and shape of the insulating material
200 having first and second protrusions 210a and 2105 and
the concave portion 210¢ configured is made by the follow-
ing steps: forming an insulating material layer on the first
electrode; forming first photoresist patterns having different
thickness on the insulating material layer; first etching the
insulating material layer using the first photoresist patterns;
forming second photoresist patterns by ashing; second etch-
ing the insulating material layer using the second photoresist
patterns; forming third photoresist patterns by ashing; third
etching the insulating material layer using the third photo-
resist pattern; and removing the third photoresist patterns.

As described above, in the OLED display (100 of FIG. 1)
according to the second embodiment of the present disclo-
sure, since the plurality of holes H are formed in the first
electrode 111 of the LED (E of FIG. 5) and the insulating
material 200 having the first and second protrusions 210a
and 2105 and the concave portion 210¢ configured to
connect the first and second protrusions 210a and 2106 is
disposed in each of the holes H, the organic light-emitting
layer 113 and the second electrode (115 in FIG. 5) constitute
the microlens 217 having the curved shapes of the first and
second convex portions 217a and 2175 and the groove 217¢,
thereby improving light extraction efficiency of the OLED
display (100 of FIG. 1).

As a result, brightness can be improved, and power
consumption can be reduced.

In particular, the OLED display (100 of FIG. 1) according
to the second embodiment of the present disclosure, since
the plurality of holes H are formed in the first electrode 111,
and the insulating material 200 is disposed in each of the
plurality of holes H, the interface between the insulating
material 200 and the first electrode 111 can be reduced,
thereby further improving light extraction efficiency.

As described above, according to the present disclosure,
since a plurality of holes are formed in a first electrode of an
LED and a insulating material is disposed in each of the
holes, an organic light-emitting layer and a second electrode
constitute a microlens, thereby improving light extraction
efficiency of an OLED display.

As a result, brightness can be improved, and power
consumption can be reduced.

In particular, since the plurality of holes are formed in the
first electrode and the insulating material is disposed in each
of the plurality of holes, an interface between the insulating
material and the first electrode is decreased, thereby further
improving light extraction efficiency.

The present disclosure is not limited to the above-de-
scribed embodiments, and it will be apparent to those skilled
in the art that various modifications and variations can be
made in the present disclosure without departing from the
spirit or scope of the invention.

The various embodiments described above can be com-
bined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
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applications, foreign patents, foreign patent applications and

non-patent publications referred to in this specification and/

or listed in the Application Data Sheet are incorporated

herein by reference, in their entirety. Aspects of the embodi-
ments can be modified, if necessary to employ concepts of 5
the various patents, applications and publications to provide
yet further embodiments.

These and other changes can be made to the embodiments
in light of the above-detailed description. In general, in the
following claims, the terms used should not be construed to
limit the claims to the specific embodiments disclosed in the
specification and the claims, but should be construed to
include all possible embodiments along with the full scope
of equivalents to which such claims are entitled. Accord-
ingly, the claims are not limited by the disclosure. 15
The invention claimed is:

1. An organic light emitting diode display device, com-

prising a plurality of pixel regions, each of the pixel regions

comprising a light-emitting diode (LED) in an emission 20

region, the LED comprising:

a first electrode having a plurality of holes formed therein,
the plurality of holes disposed in the emission region of
each of the pixel regions;

a plurality of bank patterns disposed in the plurality of 25
holes and protruding from the first electrode, the plu-
rality of bank patterns disposed in the emission region
of each of the pixel regions;

an organic light-emitting layer disposed on upper surfaces
of the first electrode and the plurality of bank patterns;

a second electrode disposed on the organic light-emitting
layer; and

a wavelength conversion layer corresponding to the emis-
sion region of each of the pixel regions,

wherein both of the organic light-emitting layer and the
second electrode have a shape that conforms to the
upper surfaces of the first electrode and the plurality of
bank patterns,

wherein the plurality of bank patterns are disposed inside
a region where the wavelength conversion layer is
disposed such that the plurality of bank patterns com-
pletely overlap the wavelength conversion layer.

2. The organic light emitting diode display device of

claim 1, wherein the organic light-emitting layer and the

40

45
3. The organic light emitting diode display device of
claim 2, wherein the microlens has a curved shape that
improves light extraction efficiency of the OLED display

device.

4. The organic light emitting diode display device of 50
claim 1, further comprising an overcoat layer under a lower
surface of the first electrode, wherein light totally reflected

at an interface between the first electrode and the overcoat

layer is extracted through one or more reflections by trav-
elling at an angle smaller than a total reflection critical angle
due to a microlens constituted by the organic light-emitting
layer and the second electrode.

5. The organic light emitting diode display device of
claim 1, wherein the plurality of holes are formed in the first
electrode in a hexagonal honeycomb structure.

6. The organic light emitting diode display device of
claim 1, wherein the plurality of holes are spaced apart from
each other by a certain distance.

7. The organic light emitting diode display device of
claim 6, wherein the plurality of holes formed in the first
electrode reduce interfaces between the bank patterns and
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wherein the plurality of bank patterns surround a front
edge surface and a side surface of the first electrode
adjacent to the plurality of holes.

8. The organic light emitting diode display device of
claim 1, wherein the bank pattern disposed in each of the
holes has a width of 8000 A to 12000 A.

9. The organic light emitting diode display device of
claim 1, wherein a width between adjacent bank patterns is
about three times a width of a bank pattern.

10. The organic light emitting diode display device of
claim 1, further comprising a bank disposed along an edge
of the pixel region.

11. The organic light emitting diode display device of
claim 10, wherein the bank pattern is made of the same
material as the bank, and the bank pattern is disposed in the
same process as the bank.

12. An organic light emitting diode display device, com-
prising a plurality of pixel regions, each of the pixel regions
comprising a light-emitting diode (LED), the LED compris-
ing:

a first electrode having a plurality of holes formed therein;

a bank pattern disposed in each of the holes and protrud-

ing from the first electrode;

an organic light-emitting layer disposed on upper surfaces

of the first electrode and the bank pattern; and

a second electrode disposed on the organic light-emitting

layer,

wherein both of the organic light-emitting layer and the

second electrode have a shape that conforms to the
upper surfaces of the first electrode and the bank
pattern, and

wherein the bank pattern has a semicircular shape pro-

truding from the first electrode,

wherein the shape of the organic light-emitting layer and

the second electrode improves light extraction effi-
ciency of the organic light-emitting diode display
device.

13. The organic light emitting diode display device of
claim 12, wherein the organic light-emitting layer and the
second electrode have a convex portion corresponding to the
bank pattern and a flat portion corresponding to the first
electrode.

14. The organic light emitting diode display device of
claim 12, wherein an amount of light extracted to outside of
the pixel region is increased as a height of the bank pattern
is increased.

15. The organic light emitting diode display device of
claim 14, wherein the height of the bank pattern is in a range
of 5000 A to 9000 A.

16. An organic light emitting diode display device, com-
prising a plurality of pixel regions, each of the pixel regions
comprising a light-emitting diode (LED), the LED compris-
ing:

a first electrode having a plurality of holes formed therein;

a bank pattern disposed in each of the holes and protrud-

ing from the first electrode;

an organic light-emitting layer disposed on upper surfaces

of the first electrode and the bank pattern; and

a second electrode disposed on the organic light-emitting

layer,

wherein both of the organic light-emitting layer and the

second electrode have a shape that conforms to the
upper surfaces of the first electrode and the bank
pattern, and

wherein the bank pattern has first and second protrusions

protruding from the first electrode and a concave por-
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tion which connects the first and second protrusions
and is concave toward the first electrode.

17. The organic light emitting diode display device of
claim 16 wherein the organic light-emitting layer and the
second electrode have first and second convex portions 5
corresponding to the first and second protrusions of the bank
pattern, a groove corresponding to the concave portion of the
bank pattern, and a flat portion corresponding to the first
electrode, wherein the first and second convex portions and
the groove increase a curved area for light reflection. 10

18. The organic light emitting diode display device of
claim 16, wherein an amount of light extracted to outside of
the pixel region is increased as a height of the concave
portion of the bank pattern is increased.

19. The organic light emitting diode display device of 15
claim 18, wherein the height of the concave portion of the
bank pattern is in a range of Y5 to % of a height of the bank
pattern.
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