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(57) ABSTRACT

An electroluminescent display device includes a substrate
including an emissive area and a non-emissive area, a
plurality of protrusions over the substrate and in the emis-
sive area, each of the plurality of protrusions spaced apart
from each other with an air gap therebetween, a high-
viscosity material layer on the plurality of protrusions and
the air gaps, a first electrode on the high-viscosity material
layer, an emitting layer on the first electrode, and a second
electrode on the emitting layer.
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ELECTROLUMINESCENT DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Republic of Korea Patent Application No. 2017-0124973
filed in the Republic of Korea on Sep. 27, 2017, which is
incorporated herein by reference in its entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an electrolumi-
nescent display device, and more particularly, to an elec-
troluminescent display device capable of improving light
extraction efliciency.

2. Discussion of the Related Art

[0003] Flat panel displays have been widely developed
and applied to various fields. Among the flat panel displays,
an electroluminescent display device may be a device in
which a charge is injected into an emission layer formed
between a cathode, which is an electron-injecting electrode,
and an anode, which is a hole-injecting electrode, such that
excitons are formed by electrons and holes. Radiative
recombination of the excitons occurs such that light is
emitted.

[0004] Such an electroluminescent display device has
advantages in that not only is it able to be formed even on
a flexible substrate, such as plastic, but it also has a large
contrast ratio due to being a self-emitting type, is able to
easily realize a dynamic image due to having a response time
of about several microseconds (s), has no limit in terms of
viewing angle, is stable even at a low temperature, and is
able to be driven at a relatively low voltage of DC 5V to 15
V such that it is easy to manufacture and design a drive
circuit.

[0005] FIG. 1 is a cross-sectional view of an electrolumi-
nescent display device according to the related art.

[0006] As illustrated in FIG. 1, an electroluminescent
display device 1 includes a substrate 10, a thin film transistor
Tr disposed on the substrate 10, a light emitting diode D
disposed over the substrate 10 and connected to the thin film
transistor Tr and a color filter pattern 50 under the light
emitting diode D. An encapsulation layer (not shown) may
be disposed over the light emitting diode D.

[0007] The light emitting diode D includes a first electrode
41, an emission layer 42, and a second electrode 43, wherein
light from the emitting layer 42 is output to the outside
through the first electrode 41.

[0008] The light emitted from the emitting layer 42 passes
through various configurations of the electroluminescent
display device 1 and exits the electroluminescent display
device 1.

[0009] However, a surface plasmon component generated
at a boundary between a metal and the emitting layer 42 and
an optical waveguide mode, which is configured by the
emitting layer 42 inserted into reflective layers at both sides,
accounts for about 60 to 70% of emitted light.

[0010] Accordingly, among light emitted from the emit-
ting layer 42, rays of light that are trapped in the electrolu-
minescent display device 1, instead of exiting the electrolu-
minescent display device 1, are present. Thus, there is a
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problem in that light extraction efficiency (out-coupling
efficiency) of the electroluminescent display device 1 is
degraded.

SUMMARY

[0011] Accordingly, the present disclosure is directed to an
electroluminescent display that substantially obviates one or
more of the problems due to limitations and disadvantages
of the related art.

[0012] Additional features and advantages of the disclo-
sure 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 disclosure. The objectives and
other advantages of the disclosure will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0013] To achieve these and other advantages and in
accordance with the purpose of the present disclosure, as
embodied and broadly described, an electroluminescent
display device includes a substrate including an emissive
area and a non-emissive area, a plurality of protrusions over
the substrate and in the emissive area, each of the plurality
of protrusions spaced apart from each other with an air gap
therebetween, a high-viscosity material layer on the plurality
of protrusions and the air gaps, a first electrode on the
high-viscosity material layer, an emitting layer on the first
electrode, and a second electrode on the emitting layer.
[0014] It is to be understood that both the foregoing
general description and the following detailed description
are examples and are explanatory and are intended to
provide further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0016] FIG. 1 is a cross-sectional view illustrating an
electroluminescent display device according to the related
art.

[0017] FIG. 2 is a circuit diagram illustrating a single
subpixel area of an electroluminescent display device
according to an example embodiment of the present disclo-
sure.

[0018] FIG. 3 is a cross-sectional view illustrating an
electroluminescent display device according to a first
example embodiment of the present disclosure.

[0019] FIG. 4 is an enlarged view illustrating an overcoat
layer and a light emitting diode of the electroluminescent
display device according to the first example embodiment of
the present disclosure.

[0020] FIG. 5is a picture in which a black area is observed
from a recessed portion arca of the electroluminescent
display device according to the first example embodiment of
the present disclosure.

[0021] FIG. 6 is a cross-sectional view illustrating an
electroluminescent display device according to a second
example embodiment of the present disclosure.
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[0022] FIG. 7 is a plan view illustrating an emissive area
of the electroluminescent display device according to the
second example embodiment of the present disclosure.

[0023] FIG. 8 is a cross-sectional view taken along line
A-A' of FIG. 7.
[0024] FIG. 9A is an enlarged cross-sectional view of

protrusions in the electroluminescent display device accord-
ing to the second example embodiment of the present
disclosure.

[0025] FIG. 9B is a graph illustrating an amount of
extracted light in accordance with a ratio of d1/d2 of FIG.
9A.

[0026] FIG. 9C is a table illustrating an amount of
extracted light in accordance with the ratio of d1/d2 of FIG.
9A.

[0027] FIG. 10 is a view illustrating an optical path of the
electroluminescent display device according to the second
example embodiment of the present disclosure.

[0028] FIG. 11 is a cross-sectional view illustrating an
electroluminescent display device according to the third
example embodiment of the present disclosure.

[0029] FIG. 12 is a plan view illustrating an emissive area
of the electroluminescent display device according to the
third example embodiment of the present disclosure.
[0030] FIG. 13 is a cross-sectional view taken along line
B-B' of FIG. 12.

[0031] FIG. 14 is a view illustrating an optical path of the
electroluminescent display device according to the third
example embodiment of the present disclosure.

[0032] FIG. 15 is a view illustrating a change in a position
of a protruding portion disposed on a protrusion of the
electroluminescent display device according to the third
example embodiment of the present disclosure.

[0033] FIGS. 16A to 16D are views illustrating an optical
path in accordance with a change in a position of a protrud-
ing portion disposed on a protrusion of the electrolumines-
cent display device according to the third example embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0034] Hereinafter, example embodiments of the present
disclosure will be described with reference to the accompa-
nying drawings.

[0035] FIG. 2 is a circuit diagram illustrating a single
subpixel area of an electroluminescent display device
according to an embodiment of the present disclosure.
[0036] As illustrated in FIG. 2, the electroluminescent
display device according to an embodiment of the present
disclosure includes a gate line GL and a data line DL, which
intersect with each other and define a subpixel area SP. A
switching thin film transistor Ts, a driving thin film transistor
Td, a storage capacitor Cst, and a light emitting diode D are
formed in each subpixel area SP.

[0037] In an example, a gate electrode of the switching
thin film transistor Ts is connected to the gate line GL, and
a source electrode is connected to the data line DL. A gate
electrode of the driving thin film transistor Td is connected
to a drain electrode of the switching thin film transistor Ts,
and a drain electrode is connected to a high-potential voltage
VDD. An anode of the light emitting diode D is connected
to a source electrode of the driving thin film transistor Td,
and a cathode is connected to a low-potential voltage VSS.
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The storage capacitor Cst is connected to the gate electrode
and the source electrode of the driving thin film transistor
Td.

[0038] In an image display operation of such an electrolu-
minescent display device, the switching thin film transistor
Ts is turned on in accordance with a gate signal applied
through the gate line GL, and in this case, a data signal
applied to the data line DL is applied to the gate electrode
of the driving thin film transistor Td and one electrode of the
storage capacitor Cst through the switching thin film tran-
sistor Ts.

[0039] The driving thin film transistor Td is turned on in
accordance with the data signal and controls a current which
flows in the light emitting diode D to display an image. The
light emitting diode D emits light due to a current of the
high-potential voltage VDD transmitted through the driving
thin film transistor Td.

[0040] That is, because an amount of current which flows
in the light emitting diode D is proportional to an amplitude
of the data signal, and an intensity of light emitted by the
light emitting diode D is proportional to the amount of
current flowing in the light emitting diode D, the subpixel
area SP displays a grayscale, which differs in accordance
with the amplitude of the data signal, and as a result, the
electroluminescent display device displays an image.
[0041] The storage capacitor Cst serves to maintain a
charge which corresponds to the data signal during one
frame in order to make an amount of current flowing in the
light emitting diode D constant and maintain a grayscale,
which the light emitting diode D displays, to be constant.
[0042] A transistor and/or a capacitor other than the
switching and driving thin film transistors Ts and Td and the
storage capacitor Cst may be further added in the subpixel
area SP.

First Example Embodiment

[0043] FIG. 3 is a cross-sectional view illustrating an
electroluminescent display device according to a first
example embodiment of the present disclosure, and FIG. 4
is an enlarged view illustrating an overcoat layer and a light
emitting diode of the electroluminescent display device
according to the first example embodiment of the present
disclosure.

[0044] As illustrated in FIG. 3, an electroluminescent
display device 100 according to a first example embodiment
of the present disclosure includes a substrate 110, a thin film
transistor 120, an overcoat layer 160, and a light emitting
diode D electrically connected to the thin film transistor 120.
[0045] The electroluminescent display device 100 accord-
ing to the first example embodiment of the present disclo-
sure is illustrated as being a bottom emission type, in which
light from an emitting layer 142 is output to the outside
through a first electrode 141, but embodiments are not
limited thereto. That is, the electroluminescent display
device 100 according to the first example embodiment of the
present disclosure may also be a top emission type, in which
light from the emitting layer 142 is output to the outside
through a second electrode 143.

[0046] When the electroluminescent display device 100 is
the top emission type, a reflective electrode or a reflective
layer may be further formed below the first electrode 141.
For example, the reflective electrode or the reflective layer
may be formed of an aluminum-palladium-copper (APC)
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alloy. In this case, the second electrode 143 may have a
relatively small thickness for light to transmit therethrough.

[0047] The electroluminescent display device 100 accord-
ing to the first example embodiment of the present disclo-
sure may include, on the substrate 110, a thin film transistor
120 which includes a gate electrode 121, an active layer 122,
a source electrode 123, and a drain electrode 124. In an
example, the gate electrode 121 of the thin film transistor
120 and a gate insulating film 131 may be disposed on the
substrate 110.

[0048] The active layer 122 which overlaps the gate
electrode 121 may be disposed on the gate insulating film
131. An etch stopper 132 for protecting a channel area of the
active layer 122 may be disposed on the active layer 122.
The source electrode 123 and the drain electrode 124, which
come into contact with the active layer 122, may be disposed
on the active layer 122.

[0049] The electroluminescent display device to which
embodiments of the present disclosure are applicable is not
limited to that illustrated in FIG. 3. In one example, the
electroluminescent display device 100 may further include a
buffer layer disposed between the substrate 110 and the
active layer 122, and the etch stopper 132 may not be
disposed thereon.

[0050] For convenience of description, only the driving
thin film transistor has been illustrated from among various
thin film transistors that may be included in the electrolu-
minescent display device 100. Although the thin film tran-
sistors 120 will be described as having an inverted staggered
structure or bottom gate structure in which, with respect to
the active layer 122, the gate electrode 121 is disposed
opposite the source electrode 123 and the drain electrode
124, this is merely an example, and a thin film transistor
which has a coplanar structure or top gate structure in which,
with respect to the active layer 122, the gate electrode 121
is disposed to be collinear with the source electrode 123 and
the drain electrode 124, may also be used.

[0051] A protective layer 133 may be disposed on the
drain electrode 124 and the source electrode 123. In this
case, although the protective layer 133 is illustrated as
smoothing an upper portion of the thin film transistor 120,
the protective layer 133 may also be disposed along the
shapes of surfaces of configurations located below the
protective layer 133 instead of smoothing the upper portion
of the thin film transistor 120.

[0052] The overcoat layer 160 may be disposed on the
protective layer 133. The protective layer 133 may be
omitted. That is, the overcoat layer 160 may be disposed on
the thin film transistor 120.

[0053] A color filter pattern (not shown) may be disposed
between the protective layer 133 and the overcoat layer 160.
The color filter pattern is configured to change a color of
light emitted from the emitting layer 142, and may be one of
a red color filter pattern, a green color filter pattern, and a
blue color filter pattern. The color filter pattern may be
disposed at positions which correspond to an emissive area
EA on the protective layer 133, and may only be disposed in
portions of the emissive area EA.

[0054] Emissive area EA refers to an area in which the
emitting layer 142 emits light due to the first electrode 141
and the second electrode 143, and the color filter pattern
being disposed at a position corresponding to the emissive
area EA means that the color filter pattern is disposed to
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prevent a blurring phenomenon and a ghost phenomenon
which occur due to mixing of light emitted from adjacent
emissive areas EA.

[0055] A pixel of the present disclosure may include one
or more subpixels. For example, a single pixel may include
two to four subpixels. A subpixel may refer to a unit in which
a specific type of color filter pattern is formed, or in which
the light emitting diode D is capable of emitting a particular
color without the color filter pattern. Colors defined in a
subpixel may include red (R), green (G), blue (B), and
optionally white (W), but embodiments are not limited
thereto.

[0056] To improve the light extraction efficiency in the
electroluminescent display device 100 according to the first
example embodiment of the present disclosure, the elec-
troluminescent display device 100 may include a micro lens
ML disposed in the overcoat layer 160 which corresponds to
the emissive area EA.

[0057] The micro lens ML may include a plurality of
recessed portions DP and a plurality of protruding portions
PP, but embodiments are not limited thereto. The micro lens
ML may have various other forms.

[0058] In an area in which the plurality of recessed por-
tions DP and the plurality of protruding portions PP are not
disposed, the overcoat layer 160 serves as a smoothing layer.
Each of the plurality of recessed portions DP may have
various shapes in plan view, such as a hexagonal shape, a
semicircular shape, a semielliptical shape, and a quadrilat-
eral shape.

[0059] The light emitting diode D including the first
electrode 141, the emitting layer 142, and the second elec-
trode 143 may be disposed on the overcoat layer 160.
[0060] To block the spread of outgassing from the over-
coat layer 160 to the light emitting diode D, a second
protective layer (not shown) which has an insulating prop-
erty may be disposed between the overcoat layer 160 and the
first electrode 141.

[0061] That is, the second protective layer, which follows
the morphology of the plurality of recessed portions DP and
the plurality of protruding portions PP of the overcoat layer
160 exactly, may be disposed between the overcoat layer
160 and the first electrode 141.

[0062] The first electrode 141 may be disposed on the
overcoat layer 160. In this case, the first electrode 141 may
be an anode or cathode for supplying one of electrons or
holes to the emitting layer 142.

[0063] A case in which the first electrode 141 of the
electroluminescent display device 100 according to the first
example embodiment of the present disclosure is an anode
will be described as an example.

[0064] The first electrode 141 may be formed of a con-
ductive material whose work function value is relatively
large. For example, the first electrode 141 may be formed of
a transparent conductive material such as indium-tin-oxide
(ITO) and indium-zinc-oxide (IZ0).

[0065] The first electrode 141 may be connected to the
source electrode 123 of the thin film transistor 120 through
a contact hole formed in the overcoat layer 160, and may be
separately formed for each pixel area.

[0066] The electroluminescent display device according to
the first example embodiment of the present disclosure has
been described using an example which assumes that the
thin film transistor 120 is an N-type thin film transistor in
which the first electrode 141 is connected to the source
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electrode 123, but embodiments are not limited thereto.
When the thin film transistor 120 is a P-type thin film
transistor, the first electrode 141 may also be connected to
the drain electrode 124.

[0067] The first electrode 141 may also be electrically
connected to the emitting layer 142 by coming into contact
with the emitting layer 142 with a conductive material
therebetween. The first electrode 141 is disposed in a shape
which follows the morphology of a surface of the overcoat
layer 160. That is, the first electrode 141 may be disposed in
a form which follows the morphology of the plurality of
recessed portions DP and the plurality of protruding portions
PP of the overcoat layer 160 exactly.

[0068] A bank layer 136 may be disposed on the overcoat
layer 160 and the first electrode 141. The bank layer 136
may include an opening 136a configured to expose the first
electrode 141. The bank layer 136 may be disposed between
adjacent pixel (or subpixel) areas and serve to differentiate
the adjacent pixel (or subpixel) areas. In this case, the
plurality of recessed portions DP and the plurality of pro-
truding portions PP of the overcoat layer 160 may be
disposed in the opening 1364 of the bank layer 136.
[0069] That is, the plurality of recessed portions DP and
the plurality of protruding portions PP of the overcoat layer
160 may be disposed to overlap the color filter pattern,
which is disposed below the plurality of recessed portions
DP and the plurality of protruding portions PP, and overlap
the opening 136a of the bank layer 136, which is disposed
above the plurality of recessed portions DP and the plurality
of protruding portions PP.

[0070] The emitting layer 142 may be disposed on the
exposed first electrode 141. The emitting layer 142 may
have a tandem white structure in which a plurality of
emitting layers are stacked to emit white light.

[0071] For example, the emitting layer 142 may include a
first emitting layer configured to emit blue light and a second
emitting layer disposed on the first emitting layer and
configured to emit light having a color which turns white
when mixed with blue.

[0072] The second emitting layer may be an emitting layer
configured to emit yellow-green light.

[0073] The emitting layer 142 may only include emitting
layers that emit one of blue light, red light, and green light.
In this case, the electroluminescent display device may not
include the color filter pattern.

[0074] In this case, an emitting material of the emitting
layer 142 may be an organic emitting material, or an
inorganic emitting material such as a quantum dot.

[0075] Also, the emitting layer 142 may have a shape
which follows the morphology of the overcoat layer 160.
[0076] The second electrode 143 for supplying one of
electrons or holes to the emitting layer 142 may be disposed
on the emitting layer 142. In this case, the second electrode
143 may be an anode or a cathode.

[0077] A case in which the second electrode 143 of the
electroluminescent display device 100 according to the first
example embodiment of the present disclosure is a cathode
will be described as an example.

[0078] The second electrode 143 may be formed of a
conductive material, whose work function value is relatively
small, which is located on a front surface of a display area.
For example, the second electrode 143 may be formed of
aluminum (Al), magnesium (Mg), silver (Ag), or an alloy
thereof, but embodiments are not limited thereto.
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[0079] The second electrode 143 may have a shape which
follows the morphology of the overcoat layer 160.

[0080] The first electrode 141, the emitting layer 142, and
the second electrode 143 form the light emitting diode D,
and the light emitting diode D follows the morphology of the
plurality of recessed portions DP and the plurality of pro-
truding portions PP of the overcoat layer 160. The shape of
the light emitting diode D may be realized using the plurality
of recessed portions DP and the plurality of protruding
portions PP of the overcoat layer 160.

[0081] As illustrated in FIG. 4, light output from the
emitting layer 142 is reflected, refracted, and output to the
outside through the protruding portions PP of the overcoat
layer 160 and the first electrode 141 in the electrolumines-
cent display device 100 according to the first example
embodiment of the present disclosure. However, in areas BA
in which the recessed portions DP of the overcoat layer 160
are formed, light output from the emitting layer 142 travels
by being totally reflected inside the emitting layer 142
without being output to the outside.

[0082] FIG. 5isa picture in which a black area is observed
from a recessed portion area of the electroluminescent
display device according to the first example embodiment of
the present disclosure.

[0083] As illustrated in FIG. 5, there is a problem in that
the areas BA, in which the recessed portions DP are formed,
of the electroluminescent display device 100 (see FIG. 3)
according to the first example embodiment of the present
disclosure are observed as black areas, because light is
unable to be output to the outside therefrom. Such a problem
is a factor that causes degradation of image quality of the
electroluminescent display device 100 (see FIG. 3).

[0084] As described above, although light extraction effi-
ciency can be improved through the protruding portions PP
of the micro lens ML in the electroluminescent display
device 100 according to the first example embodiment of the
present disclosure, there is a problem in that areas BA in
which the recessed portions DP are formed are observed as
black areas.

[0085] Hereinafter, description will be given, according to
second and third example embodiments, on an electrolumi-
nescent display device capable of preventing a problem in
which a black area is generated while improving light
extraction efliciency.

Second Example Embodiment

[0086] Hereinafter, detailed description of configurations
identical or similar to those of the first example embodiment
may be omitted.

[0087] FIG. 6 is a cross-sectional view illustrating an
electroluminescent display device according to a second
example embodiment of the present disclosure, FIG. 7 is a
plan view illustrating an emissive area of the electrolumi-
nescent display device according to the second example
embodiment of the present disclosure, and FIG. 8 is a
cross-sectional view taken along line A-A' of FIG. 7.
[0088] As illustrated in FIG. 6, an electroluminescent
display device 200 according to the second example
embodiment of the present disclosure includes a substrate
210, a thin film transistor 220, an overcoat layer 260, and a
light emitting diode D electrically connected to the thin film
transistor 220.

[0089] The electroluminescent display device 200 accord-
ing to the second example embodiment of the present
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disclosure is illustrated as being a bottom emission type in
which light from an emitting layer 242 is output to the
outside through a first electrode 241, but embodiments are
not limited thereto.

[0090] That is, the electroluminescent display device 200
according to the second example embodiment of the present
disclosure may also be a top emission type in which light
from the emitting layer 242 is output to the outside through
a second electrode 243.

[0091] When the electroluminescent display device 200 is
the top emission type, a reflective electrode or a reflective
layer may be further formed below the first electrode 241.
For example, the reflective electrode or the reflective layer
may be formed of an APC alloy. In this case, the second
electrode 243 may have a relatively small thickness for light
to transmit therethrough.

[0092] The electroluminescent display device 200 accord-
ing to the second example embodiment of the present
disclosure may include, on the substrate 210, a thin film
transistor 220 which includes a gate electrode 221, an active
layer 222, a source electrode 223, and a drain electrode 224.
[0093] In an example, the gate electrode 221 of the thin
film transistor 220 and a gate insulating film 231 may be
disposed on the substrate 210.

[0094] The active layer 222, which overlaps the gate
electrode 221, may be disposed on the gate insulating film
231. An etch stopper 232 for protecting a channel area of the
active layer 222 may be disposed on the active layer 222.
The source electrode 223 and the drain electrode 224, which
come into contact with the active layer 222, may be disposed
on the active layer 222.

[0095] The electroluminescent display device 200 to
which the second example embodiment of the present dis-
closure is applicable is not limited to that illustrated in FIG.
6. In an example, the electroluminescent display device 200
may further include a buffer layer disposed between the
substrate 210 and the active layer 222, and the etch stopper
232 may not be disposed thereon.

[0096] For convenience of description, only the driving
thin film transistor has been illustrated from among various
thin film transistors that may be included in the electrolu-
minescent display device 200. Although the thin film tran-
sistors 220 will be described as having an inverted staggered
structure or bottom gate structure in which, with respect to
the active layer 222, the gate electrode 221 is disposed
opposite the source electrode 223 and the drain electrode
224, this is merely an example, and a thin film transistor,
which has a coplanar structure or top gate structure in which,
with respect to the active layer 222, the gate electrode 221
is disposed to be collinear with the source electrode 223 and
the drain electrode 224, may also be used.

[0097] A protective layer 233 may be disposed on the
drain electrode 224 and the source electrode 223. In this
case, although the protective layer 233 is illustrated as
smoothing an upper portion of the thin film transistor 220,
the protective layer 233 may also be disposed along the
shapes of surfaces of configurations located below the
protective layer 233 instead of smoothing the upper portion
of the thin film transistor 220.

[0098] The overcoat layer 260 may be disposed on the
protective layer 233. The protective layer 233 may be
omitted. That is, the overcoat layer 260 may be disposed on
the thin film transistor 220.
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[0099] The overcoat layer 260 of the electroluminescent
display device 200 according to the second example
embodiment of the present disclosure may include a plural-
ity of protrusions S, each of which are disposed in the form
of an island, and air gaps AG in the emissive area EA. For
example, the plurality of protrusions S, each of which are
spaced apart from each other, is disposed on the protective
layer 233 such that the air gaps AG are generated between
adjacent protrusions S.

[0100] That is, in the emissive area EA, portions of the
overcoat layer 260 except for the plurality of protrusions S
may be etched through a process such as photolithography,
wet etching, and dry etching.

[0101] Accordingly, in the emissive area EA, the plurality
of protrusions S, each of which are disposed in the form of
an island, may be formed in the overcoat layer 260.
[0102] In an area in which the plurality of protrusions S
and air gaps AG are not disposed, the overcoat layer 260
serves as a smoothing layer.

[0103] A high-viscosity material layer 270 may be dis-
posed on the overcoat layer 260. In this case, the air gaps AG
may be formed between the plurality of protrusions S of the
overcoat layer 260 due to the high-viscosity material layer
270 being disposed on the plurality of protrusions S.
[0104] The top of the plurality of protrusions S may be
covered by the high-viscosity material layer 270, and the
high-viscosity material layer 270 may have a protruding
shape in a direction in which the substrate 210 is disposed,
for areas in which the air gaps AG are formed. However,
embodiments are not limited thereto, and the high-viscosity
material layer 270 may also have a smooth shape. Due to the
high-viscosity characteristic, the air gaps AG are not filled
with the high-viscosity material 270.

[0105] Refractive indices of the high-viscosity material
layer 270 and the plurality of protrusions S may be greater
than a refractive index of the air gaps AG. For example, the
refractive indices of the high-viscosity material layer 270
and the plurality of protrusions S may be in a range of 1.4
to 1.6, while the refractive index of the air gaps AG is 1.
[0106] Refractive indices of the emitting layer 242 and the
first electrode 241 may be greater than the refractive indices
of the high-viscosity material layer 270 and the plurality of
protrusions S. For example, the refractive indices of the
emitting layer 242 and the first electrode 241 may be in a
range of 1.8 to 2.0.

[0107] Accordingly, light output from the emitting layer
242 passes through the first electrode 241, the high-viscosity
material layer 270 having a relatively low refractive index,
the air gaps AG having a relatively low refractive index, and
the plurality of protrusions S having a relatively high
refractive index, thereby being output to the outside instead
of being trapped inside the emitting layer 242.

[0108] That is, because the plurality of protrusions S and
air gaps AG guide light, which is trapped without being
output to the outside, and allow the light to be extracted,
light extraction efficiency may be improved.

[0109] The plurality of protrusions S and air gaps AG will
be described in more detail below.

[0110] A color filter pattern (not shown) may be disposed
between the overcoat layer 260 and the protective layer 233
in the emissive area EA. That is, the color filter pattern may
be disposed between the protective layer 233 and the plu-
rality of protrusions S and air gaps AG.
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[0111] The color filter pattern is configured to change a
color of light emitted from the emitting layer 242, and may
be one of a red color filter pattern, a green color filter pattern,
and a blue color filter pattern.

[0112] The color filter pattern may be disposed at positions
which correspond to the emissive area EA on the protective
layer 233, and may only be disposed in portions of the
emissive area EA.

[0113] Emissive area EA may refer to an area in which the
emitting layer 242 emits light due to the first electrode 241
and the second electrode 243, and the color filter pattern
being disposed at a position corresponding to the emissive
area EA may mean that the color filter pattern is disposed to
prevent a blurring phenomenon and a ghost phenomenon
which occur due to mixing of light emitted from adjacent
emissive areas EA.

[0114] For example, the color filter pattern may be dis-
posed to overlap the emissive area EA and, for example,
have a size less than or equal to that of the emissive area EA.
[0115] However, the arrangement position and size of the
color filter pattern may be determined by various factors
such as a distance between the color filter pattern and the
first electrode 241, a distance between the color filter pattern
and the overcoat layer 260, and a distance between the
emissive area EA and a non-emissive area, as well as the size
and position of the emissive area EA.

[0116] A pixel of the present disclosure may include one
or more subpixels. For example, a single pixel may include
two to four subpixels. A subpixel may refer to aunit in which
a specific type of color filter pattern is formed, or in which
the light emitting diode D is capable of emitting a particular
color without the color filter pattern.

[0117] Colors defined in a subpixel may include red (R),
green (G), blue (B), and optionally white (W), but embodi-
ments are not limited thereto.

[0118] The light emitting diode D which includes the first
electrode 241, the emitting layer 242, and the second elec-
trode 243 may be disposed on the high-viscosity material
layer 270.

[0119] The first electrode 241, the emitting layer 242, and
the second electrode 243 of the electroluminescent display
device 200 according to the second example embodiment of
the present disclosure may be formed to be smooth in the
emissive area EA. In this case, the first electrode 241 may be
an anode or cathode for supplying one of electrons or holes
to the emitting layer 242.

[0120] A case in which the first electrode 241 of the
electroluminescent display device 200 according to the
second example embodiment of the present disclosure is an
anode will be described as an example.

[0121] The first electrode 241 may include an amorphous
metal oxide. For example, the amorphous metal oxide may
include, for example, any one selected from the group
consisting of indium zinc oxide (IZ0), zinc tin oxide (ZTO),
tin oxide (Sn0O,), zinc oxide (ZnO), indium oxide (In,0,),
gallium indium tin oxide (GITO), indium gallium zinc oxide
(IGZ0), zinc indium tin oxide (ZITO), indium gallium oxide
(1IGO), gallium oxide (Ga,05), aluminum zinc oxide (AZO),
and gallium zinc oxide (GZ0).

[0122] The first electrode 241 may be connected to the
source electrode 223 of the thin film transistor 220 through
a contact hole formed in the overcoat layer 260 and the
high-viscosity material layer 270, and may be separately
formed in each pixel area.
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[0123] Although the electroluminescent display device
200 according to the second example embodiment of the
present disclosure has been described using an example
which assumes that the thin film transistor 220 is an N-type
thin film transistor in which the first electrode 241 is
connected to the source electrode 223, embodiments are not
limited thereto. When the thin film transistor 220 is a P-type
thin film transistor, the first electrode 241 may also be
connected to the drain electrode 224.

[0124] The first electrode 241 may also be electrically
connected to the emitting layer 242 by coming into contact
with the emitting layer 242 with a conductive material
therebetween.

[0125] A bank layer 236 may be disposed on the high-
viscosity material layer 270 and the first electrode 241. The
bank layer 236 may include an opening 2364 configured to
expose the first electrode 241. The bank layer 236 may be
disposed between adjacent pixel (or subpixel) areas and
serve to differentiate the adjacent pixel (or subpixel) areas.
[0126] The bank layer 236 may be formed of a photo
acrylic organic material, but embodiments are not limited
thereto.

[0127] The emitting layer 242 may be disposed on the first
electrode 241 and the bank layer 236. The emitting layer 242
may have a tandem white structure in which a plurality of
emitting layers are stacked to emit white light. For example,
the emitting layer 242 may include a first emitting layer
configured to emit blue light and a second emitting layer
disposed on the first emitting layer and configured to emit
light having a color which turns white when mixed with
blue.

[0128] The second emitting layer may be an emitting layer
configured to emit yellow-green light.

[0129] The emitting layer 242 may only include emitting
layers that emit one of blue light, red light, and green light.
In this case, the electroluminescent display device 200 may
not include a color filter pattern.

[0130] In this case, an emitting material of the emitting
layer 242 may be an organic emitting material or an inor-
ganic emitting material such as a quantum dot.

[0131] Also, the emitting layer 242 may be disposed along
the shape of the first electrode 241 in the emissive area EA.
That is, the emitting layer 242 may be disposed to be smooth
along the shape of the first electrode 241 in the emissive area

[0132] The second electrode 243 for supplying one of
electrons or holes to the emitting layer 242 may be disposed
on the emitting layer 242. In this case, the second electrode
243 may be an anode or a cathode.

[0133] A case in which the second electrode 243 of the
electroluminescent display device 200 according to the
second example embodiment of the present disclosure is a
cathode will be described as an example.

[0134] The second electrode 243 may be formed of a
conductive material, whose work function value is relatively
small, and which is located on a front surface of a display
area. For example, the second electrode 243 may be formed
of Al, Mg, Ag, or an alloy thereof, but embodiments are not
limited thereto.

[0135] The second electrode 243 may be disposed to be
smooth along the shape of the emitting layer 242 in the
emissive area EA.

[0136] The first electrode 241, the emitting layer 242, and
the second electrode 243 form the light emitting diode D.
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[0137] As illustrated in FIG. 7, the overcoat layer 260 of
the electroluminescent display device 200 according to the
second example embodiment of the present disclosure may
include the plurality of protrusions S, each of which are
disposed in the form of an island, in the emissive area EA.
[0138] Each of the plurality of protrusions S may have a
circular shape in plan view, but embodiments are not limited
thereto. Each of the plurality of protrusions S may have
various other shapes in plan view, such as a semicircular
shape. a semielliptical shape, and a polygonal shape.
[0139] In the emissive area EA, the air gaps AG may be
formed in areas excluding those in which the plurality of
protrusions S are formed. So, the air gaps AG surround the
protrusions S in the emissive area EA.

[0140] That is, the air gaps AG may be formed in all areas
excluding those in which the plurality of protrusions S are
formed in the emissive area EA, but embodiments are not
limited thereto. The air gaps AG may only be formed in
portions of the areas excluding those in which the plurality
of protrusions S are formed in the emissive area EA.
[0141] As illustrated in FIG. 8, the top of each of the
plurality of protrusions S of the electroluminescent display
device 200 according to the second example embodiment of
the present disclosure may be disposed inside the high-
viscosity material layer 270.

[0142] That is, as the high-viscosity material layer 270 is
disposed on the plurality of protrusions S, the high-viscosity
material layer 270 may cover the top of the plurality of
protrusions S.

[0143] A bottom surface of the high-viscosity material
layer 270 may have a protruding shape toward the substrate
210, but embodiments are not limited thereto. The bottom
surface of the high-viscosity material layer 270 may also
have a smooth shape. In a case in which the bottom surface
of the high-viscosity material layer 270 is formed with a
protruding shape, light output from the emitting layer 242
may be further diffused.

[0144] The bottom surface of the high-viscosity material
layer 270 may be formed in various shapes by adjusting the
viscosity of the high-viscosity material layer 270, a distance
between the plurality of protrusions S, and the like.

[0145] By disposing the high-viscosity material layer 270
on the plurality of protrusions S as described above, the air
gaps AG having a relatively low refractive index may be
formed without a separate process.

[0146] FIG. 9A is an enlarged cross-sectional view of
protrusions in the electroluminescent display device accord-
ing to the second example embodiment of the present
disclosure, FIG. 9B is a graph illustrating an amount of
extracted light in accordance with a ratio of d1/d2 of FIG.
9A, and FIG. 9C is a table illustrating an amount of extracted
light in accordance with the ratio of d1/d2 of FIG. 9A.
[0147] As illustrated in FIG. 9A, each of the plurality of
protrusions S of the electroluminescent display device 200
(see FIG. 6) according to the second example embodiment
of the present disclosure may include a first portion Al
disposed inside the high-viscosity material layer 270 and a
second portion A2 coming into contact with the air gaps AG.
Namely, the first portion Al of the protrusion S is sur-
rounded and covered by the high-viscosity material layer
270. In this case, the high-viscosity material layer 270 may
have a first thickness in correspondence to the protrusion S
and a second thickness, which is greater than the first
thickness, between adjacent protrusions S.
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[0148] That is, each of the plurality of protrusions S may
be divided into the first portion A1, which is inserted into the
high-viscosity material layer 270, and the second portion
A2, which is an area excluding the first portion Al.

[0149] Each of the plurality of protrusions S may include
a first surface F1 which is a boundary surface between the
first portion A1 and the second portion A2, a second surface
F2 which is disposed opposite the first surface F1 and comes
into contact with the protective layer 233 (see FIG. 6), and
a third surface F3 configured to connect the first surface F1
and the second surface F2.

[0150] Also, each of the plurality of protrusions S may
have a first length d1 which is a length of the first surface F1
(a diameter of the first surface F1 when the first surface has
a circular shape), a second length d2 which is a distance
between first surfaces F1 of neighboring protrusions S, a
third length d3 which is a length of the second surface F2,
and a fourth length d4 which is a distance between second
surfaces F2 of neighboring protrusions S.

[0151] The second length d2 is illustrated as being greater
than the first length d1 in FIG. 9A, but embodiments are not
limited thereto. The first length d1 may be greater than the
second length d2. The first length d1 may be in a range of
1 um to 6 um, and the second length d2 may be in a range
of 0.5 pm to 4 pm, but embodiments are not limited thereto.
When the first length d1 is formed to be greater than the
second length d2, the ratio of the first length d1 to the second
length d2 may be in a range of about 1.1 to 2.9.

[0152] For example, in the boundary plane between the
first portion Al and the second portion A2, a width (e.g.,
diameter) of the protrusion S may be greater than a length of
the high-viscosity material layer 270 between adjacent pro-
trusions S. In the boundary plane between the first portion
Al and the second portion A2, the ratio of the width of the
protrusions S to the length of the high-viscosity material
layer 270 between adjacent protrusions S may be in a range
of about 1.1 to 2.9.

[0153] The second surface F2 and the third surface F3 may
form an acute angle 01 therebetween. That is, an area of the
first surface F1 may be less than that of the second surface
F2, and the first length d1 may be less than the third length
ds3.

[0154] The fourth length d4 may be less than the second
length d2. Furthermore, the fourth length d4 may be less
than a height of the protrusion S including the first portion
Al and the second portion A2.

[0155] The acute angle 81 between the second surface F2
and the third surface F3 may be formed to be greater than
45°, A height h of the second portion A2, which is a distance
between the first surface F1 and the second surface F2, may
be in a range of 0.5 pm to 5.5 um, but embodiments are not
limited thereto.

[0156] FIG. 9B shows changes in an amount of extracted
light in accordance with a ratio of the first length/the second
length of the electroluminescent display device 200 (see
FIG. 6) according to the second example embodiment of the
present disclosure. Description will be given with reference
to the graph in FIG. 9B and the table in FIG. 9C.

[0157] The horizontal axis indicates a ratio of the first
length d1 to the second length d2, and the vertical axis
indicates an amount of light output to the outside, e.g., an
amount of extracted light, in a percentage (%).

[0158] Forexample, with regard to an amount of extracted
light (%) in accordance with a change in the first length d1
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when the height h of the second portion A2 of the protrusion
S is 2.5 pm, the angle 81 between the third surface F3 and
the second surface F2 is 78.7°, and the second length d2 is
1.5 um, it can be seen that the amount of extracted light (%)
significantly increases when the first length d1 is in a range
of 2 um to 4 pm. An aspect ratio A/R refers to a value
obtained by dividing a height h by a radius of the first surface
F1 (where the radius of the first surface F1 refers to the first
length d1/2).

[0159] As described above, it can be seen that the amount
of light extracted to the outside from among light output
from the emitting layer 242 (see FIG. 8) significantly
increases when the ratio of the first length d1 to the second
length d2 is in a range of 1.33 to 2.67.

[0160] Therefore, light extraction efficiency may be fur-
ther improved by setting the ratio of the first length d1 to the
second length d2 of the electroluminescent display device
200 (see FIG. 6) according to the second example embodi-
ment of the present disclosure to be in a range of 1.1 to 2.9,
and furthermore, to be in a range 1.33 to 2.67.

[0161] FIG. 10 is a view illustrating an optical path of the
electroluminescent display device according to the second
example embodiment of the present disclosure.

[0162] As illustrated in FIG. 10, an overcoat layer 260 of
an electroluminescent display device 200 (see FIG. 6)
according to the second example embodiment of the present
disclosure includes a plurality of protrusions S and air gaps
AG in an emissive area EA (see FIG. 7), wherein a high-
viscosity material layer 270 is disposed on the overcoat layer
260, and a smooth light emitting diode D is disposed on the
high-viscosity material layer 270.

[0163] Refractive indices of the high-viscosity material
layer 270 and the plurality of protrusions S may be greater
than a refractive index of the air gaps AG. For example, the
refractive indices of the high-viscosity material layer 270
and the plurality of protrusions S may be in a range of 1.4
to 1.6 while the refractive index of the air gaps AG is 1, but
embodiments are not limited thereto.

[0164] Refractive indices of an emitting layer 242 and a
first electrode 241 may be greater than the refractive indices
of the high-viscosity material layer 270 and the plurality of
protrusions S. For example, the refractive indices of the
emitting layer 242 and the first electrode 241 may be in a
range of 1.8 to 2.0, but embodiments are not limited thereto.

[0165] Accordingly, light output from the emitting layer
242 passes through the first electrode 241, the high-viscosity
material layer 270 having a relatively low refractive index,
the air gaps AG having a relatively low refractive index, and
the plurality of protrusions S having a relatively high
refractive index, thereby being output to the outside instead
of being trapped inside the emitting layer 242.

[0166] That is, because the air gaps AG disposed between
the plurality of protrusions S serve to guide light, which is
trapped without being output to the outside, and change an
optical path of the light to allow the light to be extracted to
the outside, light extraction efficiency may be improved.

[0167] As described above, the second example embodi-
ment of the present disclosure may allow light output from
the emitting layer 242 to be evenly and efficiently extracted
to the outside using the high-viscosity material layer 270 and
the overcoat layer 260 including the plurality of protrusions
S and the air gaps AG.
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[0168] Accordingly, an occurrence of black areas BA (see
FIG. 5) from which light is not output to the outside may be
prevented while light extraction efficiency is improved.

Third Example Embodiment

[0169] Hereinafter, detailed description of configurations
identical or similar to those of the second example embodi-
ment may be omitted.

[0170] FIG. 11 a cross-sectional view illustrating an elec-
troluminescent display device according to the third
example embodiment of the present disclosure, FIG. 12 is a
plan view illustrating an emissive area of the electrolumi-
nescent display device according to the third example
embodiment of the present disclosure, FIG. 13 is a cross-
sectional view taken along line B-B' of FIG. 12, and FIG. 14
is a view illustrating an optical path of the electrolumines-
cent display device according to the third example embodi-
ment of the present disclosure.

[0171] As illustrated in FIG. 11, an electroluminescent
display device 300 according to the third example embodi-
ment of the present disclosure includes a substrate 310, a
thin film transistor 320, a first overcoat layer 360, a second
overcoat layer 380, and a light emitting diode D electrically
connected to the thin film transistor 320.

[0172] Inan example, a gate electrode 321 of the thin film
transistor 320 and a gate insulating film 331 may be disposed
on the substrate 310.

[0173] An active layer 322, which overlaps the gate elec-
trode 321, may be disposed on the gate insulating film 331.
An etch stopper 332 for protecting a channel area of the
active layer 322 may be disposed on the active layer 322. A
source electrode 323 and a drain electrode 324, which come
into contact with the active layer 322, may be disposed on
the active layer 322.

[0174] A protective layer 333 may be disposed on the
drain electrode 324 and the source electrode 323, and a color
filter pattern (not shown) may be disposed on the protective
layer 333.

[0175] The first overcoat layer 360 may be disposed on the
protective layer 333. The first overcoat layer 360 of the
electroluminescent display device 300 according to the third
example embodiment of the present disclosure may include,
in an emissive area EA, a plurality of protrusions S, each of
which are disposed in a form of an island, and air gaps AG.
[0176] That is, in the emissive area EA, portions of the
first overcoat layer 360 except for the plurality of protru-
sions S may be etched through a process such as photoli-
thography, wet etching, and dry etching. Accordingly, in the
emissive area EA, the plurality of protrusions S, each of
which are disposed in the form of an island, may be formed
in the first overcoat layer 360.

[0177] In an area in which the plurality of protrusions S
and air gaps AG are not disposed, the overcoat layer 360
serves as a smoothing layer.

[0178] A high-viscosity material layer 370 may be dis-
posed on the first overcoat layer 360. In this case, the air
gaps AG may be formed between the plurality of protrusions
S of the first overcoat layer 360 due to the high-viscosity
material layer 370 being disposed on the plurality of pro-
trusions S.

[0179] The top of the plurality of protrusions S may be
covered by the high-viscosity material layer 370, and the
high-viscosity material layer 370 may have a protruding
shape in a direction in which the substrate 310 is disposed,
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for areas in which the air gaps AG are formed. However,
embodiments are not limited thereto, and the high-viscosity
material layer 370 may also have a smooth shape.

[0180] Refractive indices of the high-viscosity material
layer 370 and the plurality of protrusions S may be greater
than a refractive index of the air gaps AG. For example, the
refractive indices of the high-viscosity material layer 370
and the plurality of protrusions S may be in a range of 1.4
to 1.6, while the refractive index of the air gaps AG is 1.
[0181] Refractive indices of an emitting layer 342 and a
first electrode 341 may be greater than the refractive indices
of the high-viscosity material layer 370 and the plurality of
protrusions S. For example, the refractive indices of the
emitting layer 342 and the first electrode 341 may be in a
range of 1.8 to 2.0.

[0182] Because the shapes of the plurality of protrusions S
and air gaps AG formed in the first overcoat layer 360 are
identical or substantially similar to those in the second
example embodiment, detailed description thereof will be
omitted.

[0183] In an example, to further improve the light extrac-
tion efficiency in the electroluminescent display device 300
according to the third example embodiment of the present
disclosure, the electroluminescent display device 300 may
include the second overcoat layer 380 having a micro lens
ML disposed on the high-viscosity material layer 370 cor-
responding to the emissive area EA.

[0184] The micro lens ML may include a plurality of
recessed portions DP and a plurality of protruding portions
PP, but embodiments are not limited thereto. The micro lens
ML may have various other forms.

[0185] In an area in which the plurality of recessed por-
tions DP and the plurality of protruding portions PP are not
disposed, the second overcoat layer 380 serves as a smooth-
ing layer.

[0186] Each of the plurality of recessed portions DP may
have various shapes in plan view such as a hexagonal shape,
a semicircular shape, a semielliptical shape, and a quadri-
lateral shape.

[0187] A light emitting diode D including the first elec-
trode 341, the emitting layer 342, and a second electrode 343
may be disposed on the second overcoat layer 380.

[0188] To block the spread of outgassing from the second
overcoat layer 380 to the light emitting diode D, a second
protective layer (not shown) which has an insulating prop-
erty may be disposed between the second overcoat layer 380
and the first electrode 341.

[0189] That is, the second protective layer, which follows
the morphology of the plurality of recessed portions DP and
the plurality of protruding portions PP of the second over-
coat layer 380 exactly, may be disposed between the second
overcoat layer 380 and the first electrode 341.

[0190] The first electrode 341 may be disposed on the
second overcoat layer 380. In this case, the first electrode
341 may be an anode or cathode for supplying one of
electrons or holes to the emitting layer 342.

[0191] A case in which the first electrode 341 of the
electroluminescent display device 300 according to the third
example embodiment of the present disclosure is an anode
will be described as an example.

[0192] The first electrode 341 may be formed of a con-
ductive material whose work function value is relatively
large. For example, the first electrode 341 may be formed of
a transparent conductive material such as ITO and 1Z0.
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[0193] The first electrode 341 may be connected to the
source electrode 323 of the thin film transistor 320 through
a contact hole formed in the first overcoat layer 360, the
high-viscosity material layer 370, and the second overcoat
layer 380 and may be separately formed for each pixel area.
[0194] The electroluminescent display device 300 accord-
ing to the third example embodiment of the present disclo-
sure has been described using an example which assumes
that the thin film transistor 320 is an N-type thin film
transistor in which the first electrode 341 is connected to the
source electrode 323, but embodiments are not limited
thereto. When the thin film transistor 320 is a P-type thin
film transistor, the first electrode 341 may also be connected
to the drain electrode 324.

[0195] The first electrode 341 may also be electrically
connected to the emitting layer 342 by coming into contact
with the emitting layer 342 with a conductive material
therebetween. The first electrode 341 is disposed in a shape
which follows the morphology of a surface of the second
overcoat layer 380 in the emissive area EA. That is, the first
electrode 341 may be disposed in a form which follows the
morphology of the plurality of recessed portions DP and the
plurality of protruding portions PP of the second overcoat
layer 380 exactly.

[0196] A bank layer 336 may be disposed on the second
overcoat layer 380 and the first electrode 341. The bank
layer 336 may include an opening 336a configured to expose
the first electrode 341. The bank layer 336 may be disposed
between adjacent pixel (or subpixel) areas and serve to
differentiate the adjacent pixel (or subpixel) areas.

[0197] In this case, the plurality of recessed portions DP
and the plurality of protruding portions PP of the second
overcoat layer 380 may be disposed in the opening 3364 of
the bank layer 336.

[0198] The emitting layer 342 may be disposed on the
exposed first electrode 341. The emitting layer 342 may
have a tandem white structure in which a plurality of
emitting layers are stacked to emit white light.

[0199] For example, the emitting layer 342 may include a
first emitting layer configured to emit blue light and a second
emitting layer disposed on the first emitting layer and
configured to emit light having a color which turns white
when mixed with blue.

[0200] The second emitting layer may be an emitting layer
configured to emit yellow-green light.

[0201] The emitting layer 342 may only include emitting
layers that emit one of blue light, red light, and green light.
In this case, the electroluminescent display device 300 may
not include a color filter pattern. In this case, an emitting
material of the emitting layer 342 may be an organic
emitting material, or an inorganic emitting material such as
a quantum dot.

[0202] Also, the emitting layer 342 may have a shape
which follows the morphology of the second overcoat layer
380.

[0203] The second electrode 343 for supplying one of
electrons or holes to the emitting layer 342 may be disposed
on the emitting layer 342. In this case, the second electrode
343 may be an anode or a cathode.

[0204] A case in which the second electrode 343 of the
electroluminescent display device 300 according to the third
example embodiment of the present disclosure is a cathode
will be described as an example.
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[0205] The second electrode 343 may be formed of a
conductive material, whose work function value is relatively
small, and which is located on a front surface of a display
area. For example, the second electrode 343 may be formed
of Al, Mg, Ag, or an alloy thereof, but embodiments are not
limited thereto.

[0206] The second electrode 343 may have a shape which
follows the morphology of the second overcoat layer 380 in
the emissive area EA.

[0207] The first electrode 341, the emitting layer 342, and
the second electrode 343 form a light emitting diode D, and
the light emitting diode D follows the morphology of the
plurality of recessed portions DP and the plurality of pro-
truding portions PP of the second overcoat layer 380.
[0208] The shape of the light emitting diode D may be
realized using the plurality of recessed portions DP and the
plurality of protruding portions PP of the second overcoat
layer 380.

[0209] As illustrated in FIG. 12, the first overcoat layer
360 of the electroluminescent display device 300 according
to the third example embodiment of the present disclosure
may include a plurality of protrusions S, each of which are
disposed in the form of an island, in the emissive area EA.
[0210] Each of the plurality of protrusions S may have a
circular shape in plan view, but embodiments are not limited
thereto. Each of the plurality of protrusions S may have
various other shapes in plan view, such as a semicircular
shape, a semielliptical shape, and a polygonal shape.
[0211] In the emissive area EA, the air gaps AG may be
formed in areas excluding those in which the plurality of
protrusions S are formed.

[0212] The second overcoat layer 380 may include a
plurality of protruding portions PP and recessed portions DP
in the emissive area EA.

[0213] Although the plurality of recessed portions DP of
the second overcoat layer 380 and the protrusions S of the
first overcoat layer 360 are illustrated in FIG. 12 as being
disposed at positions overlapping each other, this is merely
an example, and embodiments are not limited thereto. The
plurality of protruding portions PP of the second overcoat
layer 380 and the protrusions S of the first overcoat layer 360
may be disposed at positions overlapping each other, or the
protrusions S of the first overcoat layer 360 may be disposed
between the protruding portions PP and the recessed por-
tions DP of the second overcoat layer 380.

[0214] As illustrated in FIG. 13, the top of each of the
plurality of protrusions S of the electroluminescent display
device 300 according to the third example embodiment of
the present disclosure may be disposed inside the high-
viscosity material layer 370.

[0215] That is, when the high-viscosity material layer 370
is disposed on the plurality of protrusions S, the high-
viscosity material layer 370 may cover the top of the
plurality of protrusions S.

[0216] A bottom surface of the high-viscosity material
layer 370 may have a protruding shape toward the substrate
310, but embodiments are not limited thereto. The bottom
surface of the high-viscosity material layer 370 may also
have a smooth shape.

[0217] In a case in which the bottom surface of the
high-viscosity material layer 370 is formed with a protrud-
ing shape, light output from the emitting layer 342 may be
further diffused.

Mar. 28, 2019

[0218] By the high-viscosity material layer 370 being
disposed on the plurality of protrusions S as described
above, the air gaps AG having a relatively low refractive
index may be formed without a separate process.

[0219] The bottom surface of the high-viscosity material
layer 370 may have various shapes by adjusting the viscosity
of the high-viscosity material layer 370, a distance between
the plurality of protrusions S, and the like.

[0220] The second overcoat layer 380 formed of the same
material as the first overcoat layer 360 may be disposed on
the high-viscosity material layer 370.

[0221] As described above, the second overcoat layer 380
may include the plurality of protruding portions PP and
recessed portions DP in the emissive area EA, and the light
emitting diode D, which follows the morphology of the
plurality of recessed portions DP and the plurality of pro-
truding portions PP of the second overcoat layer 380, may be
disposed on the second overcoat layer 380.

[0222] As illustrated in FIG. 14, in the emissive area EA
of the electroluminescent display device 300 according to
the third example embodiment of the present disclosure, the
first overcoat layer 360 including the plurality of protrusions
S and air gaps AG and the second overcoat layer 380
including the plurality of protruding portions PP and
recessed portions DP are disposed with the high-viscosity
material layer 370 sandwiched therebetween. In this way,
light, which is trapped in the emitting layer 342 due to being
totally reflected inside the emitting layer 342, is allowed to
be extracted to the outside through the protruding portions
PP of the second overcoat layer 380 so that light extraction
efficiency is improved. Also, an optical path of light output
from the second overcoat layer 380 is changed using the
protrusions S and air gaps AG of the first overcoat layer 360,
whose refractive indices differ, to evenly output the light to
the outside so that an occurrence of black areas is effectively
reduced and/or prevented while light extraction efficiency is
improved.

[0223] FIG. 15 is a view illustrating a change in a position
of a protruding portion disposed on a protrusion of the
electroluminescent display device according to the third
example embodiment of the present disclosure, and FIGS.
16A to 16D are views illustrating an optical path in accor-
dance with a change in a position of a protruding portion
disposed on a protrusion of the electroluminescent display
device according to the third example embodiment of the
present disclosure.

[0224] A plurality of protrusions S formed in the first
overcoat layer 360 and a plurality of protruding portions PP
formed in the second overcoat layer 380 are illustrated in
FIG. 15.

[0225] A first surface F1, which is a boundary surface
between a first portion Al and a second portion A2 of each
protrusion S of the first overcoat layer 360, and first to fourth
alignments AL1, AL2, AL3, and AL4 of the plurality of
protruding portions PP formed in the second overcoat layer
380 are illustrated in FIG. 15.

[0226] The first alignment AL1 refers to where a central
point CP2 of a first length d1 of the first surface F1 of each
protrusion S formed in the first overcoat layer 360 corre-
sponds to a central point CP1 of a pitch P of each protruding
portion PP formed in the second overcoat layer 380.
[0227] The second alignment AL2 refers to a case in
which the central point CP1 of the pitch P of each protruding
portion PP has shifted from the first alignment AL1 by a
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width K, which corresponds to a half of the first length d1
of the first surface F1 of each protrusion S formed in the first
overcoat layer 360.

[0228] The third alignment AL3 refers to a case in which
the central point CP1 of the pitch P of each protruding
portion PP has shifted from the second alignment AL2 by the
width K, which corresponds to the half of the first length d1.
[0229] The fourth alignment AL4 refers to a case in which
the central point CP1 of the pitch P of each protruding
portion PP has shifted from the third alignment AL3 by the
width K, which corresponds to the half of the first length d1.
[0230] Optical paths in accordance with the first to fourth
alignments AL1, AL2, AL3, and AL4 are illustrated in FIGS.
16A to 16D. That is, FIGS. 16A to 16D illustrate paths in
which light output from the emitting layer 342 (see F1G. 14)
is output to the outside through the plurality of protruding
portions PP of the second overcoat layer 380 and the
plurality of protrusions S of the first overcoat layer 360, in
cases in which the protrusions S formed in the first overcoat
layer 360 and the protruding portions PP formed in the
second overcoat layer 380 are disposed at the first to fourth
alignments AL1, AL2, AL3, and AL 4.

[0231] FIG. 16A illustrates an optical path in a case in
which the plurality of protrusions S formed in the first
overcoat layer 360 and the plurality of protruding portions
PP formed in the second overcoat layer 380 are disposed at
the first alignment AL1. FIG. 16B illustrates an optical path
in a case in which the plurality of protrusions S formed in the
first overcoat layer 360 and the plurality of protruding
portions PP formed in the second overcoat layer 380 are
disposed at the second alignment AL2. FIG. 16C illustrates
an optical path in a case in which the plurality of protrusions
S formed in the first overcoat layer 360 and the plurality of
protruding portions PP formed in the second overcoat layer
380 are disposed at the third alignment AL3. FIG. 16D
illustrates an optical path in a case in which the plurality of
protrusions S formed in the first overcoat layer 360 and the
plurality of protruding portions PP formed in the second
overcoat layer 380 are disposed at the fourth alignment AL 4.
[0232] Tt can be seen that an amount of light totally
reflected inside the electroluminescent display device 300
(see FIG. 11) increases, and thus, an amount of light
extracted to the outside decreases progressively from the
first alignment AL1 to the fourth alignment AT 4.

[0233] That is, it can be seen that light extraction effi-
ciency decreases progressively as an overlapping portion
between the protrusions S of the first overcoat layer 360 and
the protruding portions PP of the second overcoat layer 380
of the electroluminescent display device 300 (see FIG. 11)
according to the third example embodiment of the present
disclosure is reduced.

[0234] Therefore, light extraction efficiency may be fur-
ther improved when the protrusions S of the first overcoat
layer 360 and the protruding portions PP of the second
overcoat layer 380 are formed to overlap each other. In an
example, light extraction efficiency may be maximally
improved when the central point CP2 of each protrusion S
of the first overcoat layer 360 and the central point CP1 of
each protruding portion PP of the second overcoat layer 380
are formed to correspond to each other.

[0235] As described above, in the emissive area EA of the
electroluminescent display device 300 according to the third
example embodiment of the present disclosure, the first
overcoat layer 360 including the plurality of protrusions S
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and air gaps AG and the second overcoat layer 380 including
the plurality of protruding portions PP and recessed portions
DP are disposed with the high-viscosity material layer 370
sandwiched therebetween. In this way, light, which is
trapped in the emitting layer 342 due to being totally
reflected inside the emitting layer 342, is allowed to be
extracted to the outside through the protruding portions PP
of the second overcoat layer 380 so that light extraction
efficiency is improved. Also, an optical path of light output
from the second overcoat layer 380 is changed using the
protrusions S and air gaps AG of the first overcoat layer 360,
whose refractive indices differ, to evenly output the light to
the outside so that an occurrence of black areas is effectively
prevented while light extraction efficiency is improved.
[0236] Further, the protrusions S of the first overcoat layer
360 and the protruding portions PP of the second overcoat
layer 380 are formed to overlap each other so that light
extraction efliciency is further improved.

[0237] In embodiments of the present disclosure, air gaps
are formed between an emitting layer and a substrate by
using protrusions of an overcoat layer and a high-viscosity
material layer, so that light trapped in the substrate is
allowed to be output to the outside. In this way, light
extraction efliciency can be effectively improved.

[0238] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
embodiments of the disclosure without departing from the
spirit or scope of the disclosure. Thus, it is intended that the
modifications and variations cover this disclosure provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. An electroluminescent display device, comprising:

a substrate including an emissive area and a non-emissive
area;

a plurality of protrusions over the substrate and in the
emissive area, each of the plurality of protrusions
spaced apart from each other with an air gap therebe-
tween,

a high-viscosity material layer on the plurality of protru-
sions and the air gaps;

a first electrode on the high-viscosity material layer;

an emitting layer on the first electrode; and

a second electrode on the emitting layer.

2. The electroluminescent display device of claim 1,
further comprising:

an overcoat layer between the high-viscosity material
layer and the first electrode and including a plurality of
protruding portions and recessed portions in the emis-
sive area.

3. The electroluminescent display device of claim 1,

wherein:

each of the plurality of protrusions includes a first portion
inside the high-viscosity material layer, a second por-
tion in contact with the air gaps, and a first surface,
which is a boundary surface between the first portion
and the second portion; and

a distance between neighboring first surfaces is less than
a length of the first surface.

4. The electroluminescent display device of claim 3,
wherein a ratio of the length of the first surface to the
distance between neighboring first surfaces is in a range of
about 1.1 to 2.9.
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5. The electroluminescent display device of claim 3,
wherein the second portion includes a second surface dis-
posed between the first surface and the substrate and a third
surface connecting the first surface and the second surface,
and the third surface and the second surface form an acute
angle therebetween.

6. The electroluminescent display device of claim 5,
wherein the acute angle is equal to or greater than 45°.

7. The electroluminescent display device of claim 2,
wherein the protruding portions overlap the protrusions.

8. The electroluminescent display device of claim 2,
wherein the first electrode, the emitting layer, and the second
electrode are disposed along a shape of a top surface of the
overcoat layer and include the morphology of the overcoat
layer including the plurality of protruding portions and
recessed portions.

9. The electroluminescent display device of claim 1,
wherein the high-viscosity material layer has a protruding
shape toward the substrate.

10. The electroluminescent display device of claim 1,
wherein refractive indices of the high-viscosity material
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layer and the plurality of protrusions are smaller than a
refractive index of the first electrode.

11. The electroluminescent display device of claim 1,
wherein the high-viscosity material layer has a first thick-
ness in correspondence to the protrusions and a second
thickness, which is greater than the first thickness, between
adjacent protrusions.

12. The electroluminescent display device of claim 1,
wherein refractive indices of the high-viscosity material
layer and the plurality of protrusions are higher than a
refractive index of the air gap.

13. The electroluminescent display device of claim 2,
wherein a central point of each protrusion and a central point
of each protruding portion of the overcoat layer correspond
to each other.

14. The electroluminescent display device of claim 1,
wherein the protrusions are formed in an island shape, and
the air gap surrounds the protrusions.
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