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7) ABSTRACT

An electroluminescent display device includes a first sub-
strate including an emissive area; an overcoat layer disposed
over the first substrate and including a plurality of protrud-
ing portions and a plurality of depressed portions in the
emissive area; a first electrode disposed over the overcoat
layer and including an electrode portion which corresponds
to each of the plurality of protruding portions and an opening
which corresponds to each of the plurality of depressed
portions; a light-emitting layer disposed over the electrode
portion; a second electrode disposed over the light-emitting
layer; and a reflective pattern disposed over each of the
plurality of depressed portions.
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ELECTROLUMINESCENT DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§ 119(a) of Korean Patent Application No. 2017-0163171,
filed on Nov. 30, 2017, in the Korean Intellectual Property
Office, which is incorporated herein by reference in its
entirety.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an electrolumi-
nescent display device, and more particularly, to an elec-
troluminescent display device capable of effectively output-
ting light in both directions up and down.

Description of the Related Art

[0003] Inrecent years, flat panel displays having excellent
characteristics such as being thin, being lightweight, and
having low power consumption have been widely developed
and applied to various fields.

[0004] Among the flat panel displays, an electrolumines-
cent display device is a device in which electrical charge
carriers are injected into a light-emitting 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, and then radiative recombination of the
excitons occurs, thereby emitting light.

[0005] The electroluminescent display device can be
formed using a flexible substrate such as plastic because it
is self-luminous, and has excellent contrast ratios. Further
the electroluminescent display device has a response time of
several micro seconds, and there are advantages in display-
ing moving images. The electroluminescent display device
also has wide viewing angles and is stable under low
temperatures. Since the electroluminescent display device is
driven by a low voltage of direct current DC 5V to 15V, it
is easy to design and manufacture driving circuits.

[0006] FIG. 1 is a cross-sectional view schematically
illustrating a related art electroluminescent display device.
[0007] 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 on 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 on the light-emitting diode D.

[0008] The light-emitting diode D includes a first elec-
trode 41, a light-emitting layer 42, and a second electrode
43, wherein light from the light-emitting layer 42 is output
to the outside through the first electrode 41.

[0009] The light emitted from the light-emitting layer 42
passes through various configurations of the electrolumines-
cent display device 1 and exits the electroluminescent dis-
play device 1.

[0010] However, an optical waveguide mode which is
configured by a surface plasmon component generated at a
boundary between a metal and the light-emitting layer 42
and the light-emitting layer 42 inserted between reflective
layers at both sides accounts for about 60 to 70% of emitted
light.
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[0011] Accordingly, among light emitted from the light-
emitting layer 42, rays of light that are trapped in the
electroluminescent display device 1 instead of exiting the
electroluminescent display device 1 are present. Thus, there
is a problem in that light extraction efficiency of the elec-
troluminescent display device 1 is degraded.

[0012] Further, in recent years, display devices have been
applied to various fields such as mobile phones capable of
dual display, and thus there has been a demand for an
electroluminescent display device which allows viewing in
both directions.

BRIEF SUMMARY

[0013] Accordingly, embodiments of the present disclo-
sure are directed to an electroluminescent display device that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0014] It is an object of the present disclosure to provide
an electroluminescent display device that improves light
extraction efficiency and is able to emit light in both direc-
tions.

[0015] Further, it is another object of the present disclo-
sure to provide an electroluminescent display device that
simplifies a manufacturing process.

[0016] To achieve the above-described object, the present
disclosure provides an electroluminescent display device
includes a first substrate including an emissive area; an
overcoat layer disposed over the first substrate and including
a plurality of protruding portions and a plurality of
depressed portions in the emissive area; a first electrode
disposed over the overcoat layer and including an electrode
portion which corresponds to each of the plurality of pro-
truding portions and an opening which corresponds to each
of the plurality of depressed portions; a light-emitting layer
disposed over the electrode portion; a second electrode
disposed over the light-emitting layer; and a reflective
pattern disposed over each of the plurality of depressed
portions.

[0017] Tt is to be understood that both the foregoing
general description and the following detailed description
are by example and explanatory, and are intended to provide
further explanation of the present disclosure as claimed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0018] The accompanying drawings, which are included
to provide a further understanding of the present disclosure
and which are incorporated in and constitute a part of this
specification, illustrate embodiments of the present disclo-
sure and together with the description serve to explain
various principles of the present disclosure. In the drawings:
[0019] FIG. 1 is a cross-sectional view schematically
illustrating a related art electroluminescent display device;
[0020] FIG. 2 is a circuit diagram illustrating a single
subpixel area of an electroluminescent display device
according to an embodiment of the present disclosure;
[0021] FIG. 3 is a cross-sectional view schematically
illustrating an electroluminescent display device according
to a first embodiment of the present disclosure;

[0022] FIG. 4 is a plan view schematically illustrating the
electroluminescent display device according to the first
embodiment of the present disclosure;
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[0023] FIG. 5 is a cross-sectional view taken along line
A-A' of FIG. 4,
[0024] FIG. 6 is a view schematically illustrating an

optical path of the electroluminescent display device accord-
ing to the first embodiment of the present disclosure;
[0025] FIG. 7 is a cross-sectional view schematically
illustrating an electroluminescent display device according
to a second embodiment of the present disclosure;

[0026] FIG. 8 is a plan view schematically illustrating the
electroluminescent display device according to the second
embodiment of the present disclosure;

[0027] FIG. 9 is a cross-sectional view taken along line
B-B' of FIG. 8; and

[0028] FIG. 10 is a view schematically illustrating an
optical path of the electroluminescent display device accord-
ing to the second embodiment of the present disclosure.

DETAILED DESCRIPTION

[0029] Hereinafter, exemplary embodiments of the present
disclosure will be described with reference to the accompa-
nying drawings.

First Embodiment

[0030] FIG. 2 is a circuit diagram illustrating a single
subpixel area of an electroluminescent display device
according to an embodiment of the present disclosure.
[0031] As illustrated in FIG. 2, the electroluminescent
display device according to the embodiment of the present
disclosure includes a gate line GL, a data line DL, a
switching thin film transistor Ts, a driving thin film transistor
Td, a storage capacitor Cst and a light-emitting diode D. The
gate line GL and the data line DL cross each other to define
a subpixel area SP. The switching thin film transistor Ts, the
driving thin film transistor Td, the storage capacitor Cst and
the light-emitting diode D are formed in the subpixel area
SP.

[0032] More specifically, a gate electrode of the switching
thin film transistor Ts is connected to the gate line GL and
a source electrode of the switching thin film transistor Ts 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 source electrode of
the driving thin film transistor Td is connected to a high
voltage supply VDD. An anode of the light-emitting diode D
is connected to a drain electrode of the driving thin film
transistor Td, and a cathode of the light-emitting diode D is
connected to a low voltage supply VSS. The storage capaci-
tor Cst is connected to the gate electrode and the drain
electrode of the driving thin film transistor Td.

[0033] The electroluminescent display device is driven to
display an image. For example, when the switching thin film
transistor Ts is turned on by a gate signal applied through the
gate line GL, a data signal from the data line DL is applied
to the gate electrode of the driving thin film transistor Td and
an electrode of the storage capacitor Cst through the switch-
ing thin film transistor Ts.

[0034] When the driving thin film transistor Td is turned
on by the data signal, an electric current flowing through the
light-emitting diode D is controlled, thereby displaying an
image. The light-emitting diode D emits light due to the
current supplied through the driving thin film transistor Td
from the high voltage supply VDD.
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[0035] That is, the amount of the current flowing through
the light-emitting diode D is proportional to the magnitude
of the data signal, and the intensity of light emitted by the
light-emitting diode D is proportional to the amount of the
current flowing through the light-emitting diode D. Thus,
subpixel areas SP show different gray levels depending on
the magnitude of the data signal, and as a result, the
electroluminescent display device displays an image.
[0036] The storage capacitor Cst maintains charges cor-
responding to the data signal for a frame when the switching
thin film transistor Ts is turned off. Accordingly, even if the
switching thin film transistor Ts is turned off, the storage
capacitor Cst allows the amount of the current flowing
through the light-emitting diode D to be constant and the
gray level shown by the light-emitting diode D to be
maintained vatil a next frame.

[0037] 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 to the subpixel
area SP.

[0038] FIG. 3 is a cross-sectional view schematically
illustrating an electroluminescent display device according
to a first embodiment of the present disclosure.

[0039] As illustrated in FIG. 3, an electroluminescent
display device 100 according to the first embodiment of the
present disclosure includes first and second substrates 110
and 112, a thin film transistor 120, bottom and top color filter
patterns 150a and 1505, an overcoat layer 160, and a
light-emitting diode D electrically connected to the thin film
transistor 120.

[0040] The electroluminescent display device 100 accord-
ing to the first embodiment of the present disclosure may
include a thin film transistor 120 which includes a gate
electrode 121, an active layer 122, a source electrode 123,
and a drain electrode 124 on the first substrate 110.

[0041] Specifically, the gate electrode 121 of the thin film
transistor 120 and a gate insulation layer 131 may be
disposed on the first substrate 110.

[0042] The active layer 122, which overlaps the gate
electrode 121, may be disposed on the gate insulation layer
131.

[0043] An etch stopper 132 for protecting a channel region
of the active layer 122 may be disposed on the active layer
122.

[0044] The source electrode 123 and the drain electrode
124 may be disposed on the active layer 122 and contact the
active layer 122.

[0045] The electroluminescent display device 100 to
which the first embodiment of the present disclosure is
applicable is not limited to that illustrated in FIG. 3. The
electroluminescent display device 100 may further include a
buffer layer disposed between the first substrate 110 and the
active layer 122, and the etch stopper 132 may not be
disposed thereon.

[0046] 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-
sistor 120 will be described as having an inverted staggered
structure or bottom gate structure in which the gate electrode
121 is disposed at an opposite side of the source electrode
123 and the drain electrode 124 with respect to the active
layer 122, this is merely an example, and a thin film
transistor which has a coplanar structure or top gate struc-
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ture, in which the gate electrode 121 is disposed at the same
side as the source electrode 123 and the drain electrode 124
with respect to the active layer 122, may also be used.
[0047] A first passivation layer 133 may be disposed on
the drain electrode 124 and the source electrode 123, and the
bottom color filter pattern 150a may be disposed on the first
passivation layer 133.

[0048] 1In this case, although the first passivation layer 133
is illustrated as flattening an upper portion of the thin film
transistor 120, the first passivation layer 133 may also be
disposed along the shapes of surfaces of elements located
below the first passivation layer 133 instead of flattening the
upper portion of the thin film transistor 120.

[0049] The electroluminescent display device 100 accord-
ing to the first embodiment of the present disclosure may
include the top color filter pattern 1505 which is disposed
between the second substrate 112 and a second electrode 143
and corresponds to the bottom color filter pattern 150a.
[0050] The bottom and top color filter patterns 150a and
1505 are configured to change a color of light emitted from
a light-emitting layer 142, and may be one of a red color
filter pattern, a green color filter pattern, and a blue color
filter pattern.

[0051] The bottom and top color filter patterns 150a and
1505 may be disposed at a position which corresponds to an
emissive area EA and may be disposed only in some portions
of the emissive area EA.

[0052] Emissive area EA refers to an area in which the
light-emitting layer 142 emits light by a first electrode 141
and the second electrode 143 and an area in which light
output from the light-emitting layer 142 by the first electrode
141 and the second electrode 143 is reflected by a reflective
pattern RP and output. Disposing the bottom and top color
filter patterns 150a and 1505 at a position corresponding to
the emissive area EA means that the bottom and top color
filter patterns 150a and 1506 are disposed to prevent a
blurring phenomenon and a ghost phenomenon which
occurs due to mixing of light emitted from adjacent emissive
areas EA.

[0053] For example, the bottom and top color filter pat-
terns 150a and 1505 may be disposed to overlap the emis-
sive area EA and have a size smaller than or equal to that of
the emissive area EA.

[0054] However, positions and sizes of the bottom and top
color filter patterns 150a and 1505 may vary in accordance
with the size, position, and the like of the emissive area 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.

[0056] Subpixel refers to a unit in which a specific type of
bottom and top color filter patterns 150a and 1506 are
formed, or in which the light-emitting diode D is capable of
emitting a particular color without the bottom and top color
filter patterns 150a and 1505.

[0057] Colors defined in a subpixel may include red (R),
green (G3), blue (B), and, optionally, white (W), but embodi-
ments are not limited thereto.

[0058] The overcoat layer 160 may be disposed on the
bottom color filter pattern 150a and the first passivation
layer 133.

[0059] The first passivation layer 133 may be omitted.
That is, the overcoat layer 160 may be disposed on the thin
film transistor 120.
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[0060] In the figure, the bottom color filter pattern 150a is
disposed on the first passivation layer 133, but embodiments
are not limited thereto. The bottom color filter pattern 150a
may be disposed at any position between the overcoat layer
160 and the first substrate 110.

[0061] Particularly, in order to improve light extraction
efficiency in the electroluminescent display device 100
according to the first embodiment of the present disclosure,
a micro lens ML may be disposed in the overcoat layer 160
corresponding to the emissive area EA.

[0062] The micro lens ML may include a plurality of
depressed portions DP and a plurality of protruding portions
PP, but embodiments are not limited thereto. The micro lens
ML may have various other forms.

[0063] For example, a micro lens ML which includes a
plurality of protruding portions PP and connecting portions
connecting adjacent protruding portions PP may also be
formed in the overcoat layer 160.

[0064] The overcoat layer 160 serves as a planarizing
layer in an area in which the plurality of depressed portions
DP and the plurality of protruding portions PP are not
disposed.

[0065] A portion of the overcoat layer 160 serving as the
planarizing layer may be formed to be thicker than a portion
of the overcoat layer 160 in which the micro lens ML is
formed, but embodiments are not limited thereto.

[0066] Each of the plurality of depressed portions DP may
have various shapes such as a hexagonal shape, a semicir-
cular shape, a semielliptical shape, and a quadrilateral shape
in plan view.

[0067] Inaddition, a top surface of each of the plurality of
protruding portions PP may be formed to be flat.

[0068] Meanwhile, each of the plurality of depressed
portions DP may have a shape in which a width progres-
sively narrows toward the first substrate 110. For example,
each of the plurality of depressed portions DP may have a
semicircular shape or a trapezoidal shape in cross-sectional
view, but embodiments are not limited thereto.

[0069] Further, the overcoat layer 160 may be formed of
an organic material having a refractive index of about 1.5 to
1.55, but embodiments are not limited thereto.

[0070] In the electroluminescent display device 100
according to the first embodiment of the present disclosure,
the reflective pattern RP may be disposed over each of the
plurality of depressed portions DP.

[0071] The reflective patterns RP may be formed of alu-
minum (Al), magnesium (Mg), silver (Ag), or an alloy
thereof, but embodiments are not limited thereto.

[0072] In addition, the reflective patterns RP may be
disposed along the shape of the plurality of depressed
portions DP.

[0073] The reflective patterns RP may also be formed only
in partial areas of the plurality of depressed portions DP.
That is, the reflective pattern RP may be formed to cover
only a partial area of the corresponding depressed portion
DP or formed to cover an entirety of the corresponding
depressed portion DP.

[0074] Inthe meantime, a residual layer OM formed of the
same material as the light-emitting layer 142 may be present
between the plurality of depressed portions DP and the
respective reflective patterns RP.

[0075] The residual layer OM is formed when materials
for forming the light-emitting layer 142 are left on a top
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surface of each of the plurality of depressed portions DP
during a manufacturing process.

[0076] Further, in the electroluminescent display device
100 according to the first embodiment of the present dis-
closure, an insulating pattern IP may be disposed on a top
surface of each of the plurality of protruding portions PP.
[0077] Here, a refractive index of the insulating pattern IP
may be larger than a refractive index of the overcoat layer
160.

[0078] As described above, in the electroluminescent dis-
play device 100 according to the first embodiment of the
present disclosure, the reflective pattern RP may be disposed
corresponding to each of the plurality of depressed portions
DP of the overcoat layer 160, and the insulating pattern IP
having a refractive index larger than that of the overcoat
layer 160 may be disposed corresponding to each of the
plurality of protruding portions PP of the overcoat layer 160.
[0079] Accordingly, a portion of light output from the
light-emitting diode D toward the first substrate 110 may be
refracted to a place where the reflective pattern RP is
disposed by using the difference in the refractive indices of
the insulating pattern IP and the overcoat layer 160, and the
reflective pattern RP may reflect incident light toward the
second substrate 112 to realize upward emission, so that dual
emission toward both the first substrate 110 and the second
substrate 112 is possible.

[0080] In addition, the reflective pattern RP may be
formed of the same material and at the same time in the same
process steps as the second electrode 143. In this case, the
reflective pattern RP may be formed at each of the plurality
of depressed portions DP by using the same process used
when forming the second electrode 143 without a separate
process. Therefore, an additional process is not required,
thereby reducing the overall manufacturing costs and num-
ber of process involved.

[0081] Meantime, the light-emitting diode D including the
first electrode 141, the light-emitting layer 142, and the
second electrode 143 may be disposed on the overcoat layer
160 and the insulating pattern IP.

[0082] Here, the first electrode 141 may be an anode or a
cathode for supplying one of electrons or holes to the
light-emitting layer 142.

[0083] A case in which the first electrode 141 of the
electroluminescent display device 100 according to the first
embodiment of the present disclosure is an anode will be
described as an example.

[0084] The first electrode 141 may be formed of a con-
ductive material having relatively high work function. For
example, the first electrode 141 may be formed of a trans-
parent conductive material such as indium-tin-oxide (ITO)
and indium-zinc-oxide (IZ0).

[0085] 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 subpixel area.

[0086] The electroluminescent display device 100 accord-
ing to the first embodiment of the present disclosure has
been described as an example in which the thin film tran-
sistor 120 is an N-type thin film transistor and the first
electrode 141 is connected to the source 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.
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[0087] The first electrode 141 may also be electrically
connected to the light-emitting layer 142 by being in contact
with the light-emitting layer 142 with a conductive material
therebetween.

[0088] The first electrode 141 of the electroluminescent
display device 100 according to the first embodiment of the
present disclosure may be disposed on the insulating pattern
IP in the emissive area EA.

[0089] Further, the first electrode 141 may include elec-
trode portions 141a and a plurality of openings 14154.
[0090] Here, the electrode portions 141a of the first elec-
trode 141 may be disposed corresponding to the respective
insulating patterns IP, which are formed corresponding to
the plurality of protruding portions PP, respectively. That is,
the plurality of protruding portions PP of the overcoat layer
160, the insulating patterns IP, and the electrode portions
141a may be stacked in that order.

[0091] The plurality of openings 1415 of the first electrode
141 may be disposed corresponding to the plurality of
depressed portions DP, respectively. That is, the reflective
patterns RP formed corresponding to the plurality of
depressed portions DP, respectively, may be exposed by the
plurality of openings 1415 of the first electrode 141.
[0092] The electrode portions 141a of the first electrode
141 may have a flat top surface, but embodiments are not
limited thereto.

[0093] Further, a bank layer 136 may be disposed on the
overcoat layer 160 and the first electrode 141.

[0094] The bank layer 136 may include an open portion
136a exposing the first electrode 141.

[0095] The bank layer 136 may be disposed between
adjacent pixel (or subpixel) areas and serve to differentiate
the adjacent pixel (or subpixel) areas.

[0096] Here, the plurality of depressed portions DP and
the plurality of protruding portions PP of the overcoat layer
160 may be disposed in the open portion 1364 of the bank
layer 136.

[0097] That is, since the plurality of depressed portions
DP and the plurality of protruding portions PP of the
overcoat layer 160 are disposed to overlap the bottom and
top color filter patterns 150a and 1505, the plurality of
depressed portions DP and the plurality of protruding por-
tions PP of the overcoat layer 160 may overlap the bottom
and top color filter patterns 150@ and 1505 and the open
portion 136a of the bank layer 136.

[0098] The light-emitting layer 142 may be disposed on
the electrode portions 141a of the first electrode 141
exposed by the open portion 136a of the bank layer 136.
That is, the light-emitting layer 142 may be disposed cor-
responding to the electrode portions 141« of the first elec-
trode 141.

[0099] The light-emitting layer 142 may have a tandem
white structure in which a plurality of light-emitting layers
are stacked to emit white light. For example, the light-
emitting layer 142 may include a first light-emitting layer
configured to emit blue light and a second light-emitting
layer disposed on the first light-emitting layer and config-
ured to emit light having a color which turns white when
mixed with blue, but embodiments are not limited thereto.
[0100] In this case, a luminescent material of the light-
emitting layer 142 may be an organic luminescent material
or an inorganic luminescent material such as a quantum dot.
[0101] The light-emitting layer 142 may be disposed along
the shape of the electrode portions 141a of the first electrode
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141 in the emissive area EA. For example, the light-emitting
layer 142 may have a flat top surface.

[0102] The second electrode 143 for supplying one of
electrons or holes to the light-emitting layer 142 may be
disposed on the light-emitting layer 142.

[0103] In this case, the second electrode 143 may be an
anode or a cathode.

[0104] A case in which the second electrode 143 of the
electroluminescent display device 100 according to the first
embodiment of the present disclosure is a cathode will be
described as an example.

[0105] The second electrode 143 may be formed of a
conductive material having relatively low work function and
may be located substantially all over a display area in which
an image is displayed. For example, the second electrode
143 may be formed of aluminum (Al), magnesium (Mg),
silver (Ag), or an alloy thereof to obtain a micro-cavity
effect, but embodiments are not limited thereto.

[0106] In this case, the second electrode 143 may be
formed corresponding to the light-emitting layer 142 in the
emissive area EA. That is, the second electrode 143 may be
disposed over the light-emitting layer 142 corresponding to
the electrode portions 141a of the first electrode 141.
[0107] The first electrode 141, the light-emitting layer
142, and the second electrode 143 may form the light-
emitting diode D, and the light-emitting diode D may have
holes which correspond to the plurality of depressed por-
tions DP of the overcoat layer 160 respectively.

[0108] Accordingly, the light-emitting diode D may
expose the reflective patterns RP disposed on the plurality of
depressed portions DP respectively.

[0109] In this way, the light-emitting diode D including
holes may be implemented using the plurality of depressed
portions DP and the plurality of protruding portions PP of
the overcoat layer 160.

[0110] Further, a second passivation layer 182, which is
configured to cover the second electrode 143, the reflective
patterns RP, and the insulating patterns 1P, may be formed.
[0111] An encapsulation layer 180 may be formed on the
second passivation layer 182. That is, the encapsulation
layer 180 may include at least one inorganic layer and at
least one organic layer to prevent permeation of oxygen or
moisture into the light-emitting layer 142 and the second
electrode 143.

[0112] The top color filter pattern 1505 may be disposed
corresponding to the emissive area EA between the encap-
sulation layer 180 of the first substrate 110 and the second
substrate 112, and a planarizing layer 170 may be disposed
between the top color filter pattern 1505 and the encapsu-
lation layer 180.

[0113] In the electroluminescent display device 100
according to the first embodiment of the present disclosure,
the micro lens ML of the overcoat layer 160 may allow
output of light which has not been extracted to the outside
due to total reflection of the light inside the first electrode
141 and the light-emitting layer 142 among light emitted
from the light-emitting layer 142. In this way, external
luminous efficiency may be increased.

[0114] In addition, the reflective patterns RP may be
disposed corresponding to the plurality of depressed por-
tions DP of the overcoat layer 160, and the insulating
patterns IP having a refractive index larger than that of the
overcoat layer 160 may be disposed corresponding to the
plurality of protruding portions PP.
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[0115] Accordingly, a portion of light output from the
light-emitting diode D toward the first substrate 110 may be
refracted to a place where the reflective pattern RP is
disposed by using the difference in the refractive indices of
the insulating pattern IP and the overcoat layer 160, and the
reflective pattern RP may reflect incident light toward the
second substrate 112 to realize upward emission, so that
light may be effectively output toward both the first substrate
110 and the second substrate 112.

[0116] FIG. 4 is a plan view schematically illustrating the
electroluminescent display device according to the first
embodiment of the present disclosure.

[0117] As illustrated in FIG. 4, the light-emitting diode D
of the electroluminescent display device 100 of FIG. 3
according to the first embodiment of the present disclosure
includes a plurality of holes H.

[0118] The plurality of reflective patterns RP may be
exposed by the plurality of holes H of the light-emitting
diode D.

[0119] Fach of the plurality of holes H may have a
hexagonal shape in plan view, but embodiments are not
limited thereto. Each of the plurality of holes H may have
various other shapes in plan view, such as a semicircular
shape, a semielliptical shape, a quadrilateral shape, and a
circular shape, or the like.

[0120] The plurality of holes H of the light-emitting diode
D may be formed along the shape of the plurality of
openings 1416 of FIG. 3 of the first electrode 141 of FIG. 3.
[0121] Therefore, each of the plurality of openings 1415
of FIG. 3 of the first electrode 141 of FIG. 3 may have a
hexagonal shape in plan view, but embodiments are not
limited thereto. Each of the plurality of openings 1415 may
have various other shapes in plan view, such as a semicir-
cular shape, a semielliptical shape, a quadrilateral shape, and
a circular shape, or the like.

[0122] The shape of the plurality of openings 1415 of FIG.
3 of the first electrode 141 of FIG. 3 may be formed through
a process such as photolithography, wet etching, and dry
etching. In this case, the shape of the plurality of openings
1415 of FIG. 3 of the first electrode 141 of FIG. 3 may be
adjusted by controlling a heat treatment process.

[0123] FIG. 5 is a cross-sectional view taken along line
A-A' of FIG. 4. Description will be given with reference to
FIGS. 4 and 5.

[0124] As illustrated in FIG. 5, to improve light extraction
efficiency in the electroluminescent display device 100
according to the first embodiment of the present disclosure,
a micro lens ML may be disposed in the overcoat layer 160
corresponding to the emissive area EA.

[0125] Here, the micro lens ML may include a plurality of
depressed portions DP and a plurality of protruding portions
PP, but embodiments are not limited thereto, and the micro
lens ML may have various other forms.

[0126] A top surface PPS of each of the plurality of
protruding portions PP may be formed to be flat.

[0127] Meanwhile, each of the plurality of depressed
portions DP may have a shape in which a width progres-
sively narrows toward the first substrate 110. For example,
each of the plurality of depressed portions DP may have a
semicircular shape or a trapezoidal shape in cross-sectional
view, but embodiments are not limited thereto.

[0128] Further, the overcoat layer 160 may be formed of
an organic material having a refractive index of about 1.5 to
1.55, but embodiments are not limited thereto.
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[0129] In the electroluminescent display device 100
according to the first embodiment of the present disclosure,
the reflective pattern RP may be disposed over each of the
plurality of depressed portions DP.

[0130] The reflective pattern RP may be formed of Al, Mg,
Ag, or an alloy thereof, but embodiments are not limited
thereto.

[0131] The reflective patterns RP may also be disposed
along the shape of the plurality of depressed portions DP.
[0132] The reflective patterns RP may also be formed only
in partial areas of the plurality of depressed portions DP.
That is, the reflective pattern RP may be formed to cover
only a partial area of the corresponding depressed portion
DP or formed to cover the entire corresponding depressed
portion DP.

[0133] In addition, to efficiently make light be incident on
the reflective pattern RP using refraction of light at a contact
surface between the insulating patterns IP and the plurality
of protruding portions PP, it is preferable that the reflective
pattern RP is formed lower than the top surface PPS of each
of the plurality of protruding portions PP, but embodiments
are not limited thereto.

[0134] Further, by disposing the reflective pattern RP
along the shape of the plurality of depressed portions DP in
which a width progressively narrows toward the first sub-
strate 110, a portion of light output toward the first substrate
110 may be efficiently reflected toward the second substrate
112.

[0135] In the meantime, residual layer OM formed of the
same material as the light-emitting layer 142 may be present
between the plurality of depressed portions DP and the
respective reflective patterns RP.

[0136] The residual layer OM is formed when materials
for forming the light-emitting layer 142 are left on a top
surface of each of the plurality of depressed portions DP
during a manufacturing process.

[0137] Further, in the electroluminescent display device
100 of FIG. 3 according to the first embodiment of the
present disclosure, an insulating pattern IP may be disposed
on the top surface PPS of each of the plurality of protruding
portions PP.

[0138] Theinsulating pattern IP may include a first surface
S1 which contacts the electrode portion 141a of the first
electrode 141, a second surface S2 which contacts the top
surface PPS of each of the plurality of protruding portions
PP of the overcoat layer 160, and third and fourth surfaces
S3 and S4 which are side surfaces connecting the first
surface S1 and the second surface S2.

[0139] In this case, the reflective pattern RP is not dis-
posed at the third and fourth surfaces S3 and S4 of the
insulating pattern IP. Accordingly, light is allowed to travel
to the third and fourth surfaces S3 and S4.

[0140] Further, the refractive index of the insulating pat-
tern IP may be larger than the refractive index of the
overcoat layer 160.

[0141] As described above, in the electroluminescent dis-
play device 100 according to the first embodiment of the
present disclosure, the reflective pattern RP may be disposed
corresponding to each of the plurality of depressed portions
DP of the overcoat layer 160, and the insulating pattern IP
having a refractive index larger than that of the overcoat
layer 160 may be disposed corresponding to each of the
plurality of protruding portions PP of the overcoat layer 160.
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[0142] The light-emitting diode D including the first elec-
trode 141, the light-emitting layer 142, and the second
electrode 143 may be disposed on the overcoat layer 160 and
the insulating pattern IP.

[0143] The light-emitting diode D of the electrolumines-
cent display device 100 according to the first embodiment of
the present disclosure may include a plurality of holes H
corresponding to the plurality of depressed portions DP.
[0144] In more detail, the first electrode 141 may include
the electrode portions 141a and the plurality of openings
1415.

[0145] Here, the electrode portions 141a of the first elec-
trode 141 may be disposed corresponding to the insulating
patterns 1P, which are formed corresponding to the plurality
of protruding portions PP, respectively. That is, the plurality
of protruding portions PP of the overcoat layer 160, the
insulating patterns IP, and the electrode portions 141a may
be stacked in that order.

[0146] Further, the plurality of openings 1415 of the first
electrode 141 may be disposed corresponding to the plural-
ity of depressed portions DP, respectively. That is, the
reflective patterns RP formed corresponding to the plurality
of depressed portions DP, respectively, may be exposed by
the plurality of openings 1415 of the first electrode 141.

[0147] The electrode portion 141a of the first electrode
141 may have a flat top surface, but embodiments are not
limited thereto.

[0148] The light-emitting layer 142 may be disposed cor-
responding to the electrode portions 141« of the first elec-
trode 141.

[0149] That is, the light-emitting layer 142 having holes
which correspond to the openings 1415 of the first electrode
141 may be formed in the emissive area EA.

[0150] In addition, the light-emitting layer 142 may be
disposed along the shape of the electrode portions 141a of
the first electrode 141 in the emissive area EA. For example,
the light-emitting layer 142 may have a flat top surface.

[0151] The second electrode 143 for supplying one of
electrons or holes to the light-emitting layer 142 may be
disposed on the light-emitting layer 142.

[0152] In this case, the second electrode 143 may be
formed corresponding to the light-emitting layer 142 in the
emissive area EA. That is, the second electrode 143 may
have holes corresponding to the openings 1415 of the first
electrode 141.

[0153] The first electrode 141, the light-emitting layer
142, and the second electrode 143 form the light-emitting
diode D, and the light-emitting diode D may have the holes
H which respectively correspond to the plurality of
depressed portions DP of the overcoat layer 160.

[0154] Accordingly, the light-emitting diode D may
expose the reflective pattern RP disposed on each of the
plurality of depressed portions DP.

[0155] The second passivation layer 182, which is con-
figured to cover the second electrode 143, the reflective
patterns RP, and the insulating patterns 1P, may be formed.
[0156] Accordingly, a portion of light output from the
light-emitting diode D) toward the first substrate 110 may be
refracted to a place where the reflective pattern RP is
disposed by using the difference in the refractive indices of
the insulating pattern IP and the overcoat layer 160, and the
reflective pattern RP may reflect incident light toward the
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second substrate 112 to realize upward emission, so that dual
emission toward both the first substrate 110 and the second
substrate 112 is possible.

[0157] In addition, the reflective pattern RP may be
formed of the same material as the second electrode 143 and
at the same time using the same process steps. In this case,
the reflective pattern RP may be formed at each of the
plurality of depressed portions DP by using the process used
when forming the second electrode 143 without a separate
process. Therefore, an additional process is not required,
thereby reducing the overall manufacturing cost and process
steps involved.

[0158] FIG. 6 is a view schematically illustrating an
optical path of the electroluminescent display device accord-
ing to the first embodiment of the present disclosure.
Description will be given with reference to FIGS. 3, 5, and
6.

[0159] As illustrated in FIG. 6, the electroluminescent
display device 100 according to the first embodiment of the
present disclosure outputs rays of light L1 and L2 toward
both the first substrate 110 of FIG. 3 and the second substrate
112 of FIG. 3.

[0160] That is, first light L1, which is perpendicularly
incident on the electrode portion 141a of the first electrode
141 among light emitted from the light-emitting layer 142,
passes through the electrode portion 141a of the first elec-
trode 141, the insulating pattern IP, and the overcoat layer
160 of FIG. 3 without change and travels toward the first
substrate 110 of FIG. 3.

[0161] Inaddition, second light L.2, which is incident with
a predetermined slope on the electrode portion 141a of the
first electrode 141 among light emitted from the light-
emitting layer 142, is refracted and travels to a place where
the reflective pattern RP is disposed due to the difference in
the refractive indices of the insulating pattern 1P and the
overcoat layer 160, is reflected by the reflective pattern RP,
passes through the hole H of the light-emitting diode D, and
travels toward the second substrate 112 of FIG. 3.

[0162] The first light L1 traveling toward the first substrate
110 of FIG. 3 is color-changed when passing through the
bottom color filter pattern 150a of FIG. 3 and then output to
the outside. The second light L2 traveling toward the second
substrate 112 of FIG. 3 is color-changed when passing
through the top color filter pattern 1505 of FIG. 3 and then
output to the outside.

[0163] Accordingly, the electroluminescent display device
100 of FIG. 3 according to the first embodiment of the
present disclosure is capable of effectively emitting light
toward both the first substrate 110 of FIG. 3 and the second
substrate 112 of FIG. 3 using the reflective pattern RP and
the insulating pattern IP.

[0164] Further, the micro-cavity effect may be realized
using the second electrode 143.

[0165] However, in order to output light toward both the
first substrate 110 and the second substrate 112, the bottom
and top color filter patterns 150a and 15056 of FIG. 3 are
required, and there is a problem in that it is difficult to align
the bottom and top color filter patterns 150a and 1505 of
FIG. 3 with the emissive area EA of FIG. 3 of each pixel.
[0166] Hereinafter, an electroluminescent display device
according to a second embodiment which is capable of
outputting light toward both the first substrate 110 of FIG. 3
and the second substrate 112 of FIG. 3 without the bottom
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and top color filter patterns 150a and 1505 of FIG. 3 will be
described. This process will simplify the overall manufac-
turing process.

Second Embodiment

[0167] Hereinafter, detailed description of configurations
identical or similar to those of the first embodiment may be
omitted.

[0168] FIG. 7 is a cross-sectional view schematically
illustrating an electroluminescent display device according
to a second embodiment of the present disclosure.

[0169] As illustrated in FIG. 7, an electroluminescent
display device 200 according to the second embodiment of
the present disclosure includes first and second substrates
210 and 212, a thin film transistor 220, and a light-emitting
diode D electrically connected to the thin film transistor 220.
[0170] The thin film transistor 220 of the electrolumines-
cent display device 200 according to the second embodiment
of the present disclosure may include a gate electrode 221,
an active layer 222, a source electrode 223, and a drain
electrode 224 on the first substrate 210.

[0171] Specifically, the gate electrode 221 of the thin film
transistor 220 and a gate insulation layer 231 may be
disposed on the first substrate 210.

[0172] The active layer 222 which overlaps the gate
electrode 221 may be disposed on the gate insulation layer
231.

[0173] An etch stopper 232 for protecting a channel region
of the active layer 222 may be disposed on the active layer
222.

[0174] The source electrode 223 and the drain electrode
224 may be disposed on the active layer 222 and contact the
active layer 222.

[0175] The electroluminescent display device 200 to
which the second embodiment of the present disclosure is
applicable is not limited to that illustrated in FIG. 7. The
electroluminescent display device 200 may further include a
buffer layer disposed between the first substrate 210 and the
active layer 222, and the etch stopper 232 may not be
disposed thereon.

[0176] 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-
sistor 220 will be described as having an inverted staggered
structure or bottom gate structure in which the gate electrode
221 is disposed at an opposite side the source electrode 223
and the drain electrode 224 with respect to the active layer
222, this is merely an example, and a thin film transistor
which has a coplanar structure or top gate structure in which
the gate electrode 221 is disposed to at the same side as the
source electrode 223 and the drain electrode 224 with
respect to the active layer 222 may also be used.

[0177] A first passivation layer 233 may be disposed on
the drain electrode 224 and the source electrode 223.
[0178] In this case, although the first passivation layer 233
is illustrated as flattening an upper portion of the thin film
transistor 220, the first passivation layer 233 may also be
disposed along the shapes of surfaces of elements located
below the first passivation layer 233 instead of flattening the
upper portion of the thin film transistor 220.

[0179] An overcoat layer 260 may be disposed on the first
passivation layer 233.



US 2019/0165321 Al

[0180] The first passivation layer 233 may be omitted.
That is, the overcoat layer 260 may be disposed on the thin
film transistor 220.

[0181] Particularly, to improve light extraction efficiency
in the electroluminescent display device 200 according to
the second embodiment of the present disclosure, a micro
lens ML may be disposed in the overcoat layer 260 corre-
sponding to an emissive area EA.

[0182] In this case, the micro lens ML may include a
plurality of depressed portions DP and a plurality of pro-
truding portions PP, but embodiments are not limited
thereto, and the micro lens ML may have various other
forms.

[0183] For example, a micro lens ML which includes a
plurality of protruding portions PP and connecting portions
connecting adjacent protruding portions PP may also be
formed in the overcoat layer 260.

[0184] The overcoat layer 260 serves as a planarizing
layer in an area in which the plurality of depressed portions
DP and the plurality of protruding portions PP are not
disposed.

[0185] A portion of the overcoat layer 260 serving as the
planarizing layer may be formed to be thicker than a portion
of the overcoat layer 260 in which the micro lens ML is
formed, but embodiments are not limited thereto.

[0186] Each of the plurality of depressed portions DP may
have various shapes such as a hexagonal shape, a semicir-
cular shape, a semielliptical shape, and a quadrilateral shape
in plan view.

[0187] In addition, a top surface of each of the plurality of
protruding portions PP may be formed to be flat.

[0188] Each of the plurality of depressed portions DP may
have a shape in which a width progressively narrows toward
the first substrate 210. For example, each of the plurality of
depressed portions DP may have a semicircular shape or a
trapezoidal shape in cross-sectional view, but embodiments
are not limited thereto.

[0189] Further, the overcoat layer 260 may be formed of
an organic material having a refractive index of about 1.5 to
1.55, but embodiments are not limited thereto.

[0190] In the electroluminescent display device 200
according to the second embodiment of the present disclo-
sure, the reflective pattern RP may be disposed over each of
the plurality of depressed portions DP.

[0191] Thereflective pattern RP may be formed of Al, Mg,
Ag, or an alloy thereof, but embodiments are not limited
thereto.

[0192] Further, the reflective patterns RP may be disposed
along the shape of the plurality of depressed portions DP.
[0193] The reflective patterns RP may also be formed only
in partial areas of the plurality of depressed portions DP.
That is, the reflective pattern RP may be formed to cover
only a partial area of the corresponding depressed portions
DP or formed to cover the entire corresponding depressed
portion DP.

[0194] A residual layer OM formed of the same material
as a light-emitting layer 242 may be present between the
plurality of depressed portions DP and the reflective patterns
RP.

[0195] The residual layer OM is formed when materials
for forming the light-emitting layer 242 are left on a top
surface of each of the plurality of depressed portions DP
during a manufacturing process.
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[0196] In the electroluminescent display device 200
according to the second embodiment of the present disclo-
sure, a color filter pattern 250 may be disposed on a top
surface of each of the plurality of protruding portions PP.
[0197] The color filter pattern 250 is configured to change
a color of light emitted from the light-emitting layer 242,
and may be one of a red color filter pattern, a green color
filter pattern, and a blue color filter pattern.

[0198] The color filter pattern 250 may be disposed at a
position which corresponds to an emissive area EA and may
be disposed only in some portions of the emissive area EA.
[0199] A pixel of the present disclosure may include one
or more subpixels. For example, a single pixel may include
two to four subpixels.

[0200] Subpixel refers to a unit in which a specific type of
color filter pattern 250 is formed or in which the light-
emitting diode D is capable of emitting a particular color
without the color filter pattern 250.

[0201] Colors defined in a subpixel may include red (R),
green (G), blue (B), and, optionally, white (W), but embodi-
ments are not limited thereto.

[0202] Particularly, in the electroluminescent display
device 200 according to the second embodiment of the
present disclosure, the color filter pattern 250 may be formed
corresponding to each of top portions of the plurality of
protruding portions PP of the overcoat layer 260, and the
color filter pattern 250 may not be formed at the plurality of
depressed portions DP of the overcoat layer 260.

[0203] A refractive index of the color filter pattern 250
may be larger than a refractive index of the overcoat layer
260.

[0204] As described above, in the electroluminescent dis-
play device 200 according to the second embodiment of the
present disclosure, the reflective pattern RP may be disposed
corresponding to the plurality of depressed portions DP of
the overcoat layer 260, and the color filter pattern 250
having a refractive index larger than that of the overcoat
layer 260 may be disposed corresponding to the plurality of
protruding portions PP of the overcoat layer 260.

[0205] Accordingly, a portion of light output from the
light-emitting diode D toward the first substrate 210 may be
refracted to a place where the reflective pattern RP is
disposed by using the difference in the refractive indices of
the color filter pattern 250 and the overcoat layer 260, and
the reflective pattern RP may reflect incident light toward the
second substrate 212 to realize upward emission, so that dual
emission toward both the first substrate 210 and the second
substrate 212 is possible.

[0206] The reflective pattern RP may be formed of the
same material and at the same time using the same process
steps as a second electrode 243. In this case, the reflective
pattern RP may be formed at each of the plurality of
depressed portions DP by using the same process of forming
the second electrode 243 without a separate process. There-
fore, an additional process is not required, thereby reducing
the overall manufacturing cost and number of process steps
involved.

[0207] Particularly, since the color filter pattern 250 is
disposed between the light-emitting diode D and the plural-
ity of protruding portions PP of the overcoat layer 260, light
output from the light-emitting layer 242 may be color-
changed when passing through the color filter pattern 250
and then output toward the first substrate 210 and the second
substrate 212.
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[0208] Consequently, the bottom and top color filter pat-
terns 150a and 1506 of FIG. 3 of the electroluminescent
display device 100 of FIG. 3 according to the first embodi-
ment may be omitted.

[0209] Accordingly, the process is simplified, and the
problem in which it is difficult to align the bottom and top
color filter patterns 150a and 1505 of FIG. 3 with the
emissive area EA of each pixel may be solved.

[0210] Meanwhile, a light-emitting diode D including a
first electrode 241, the light-emitting layer 242, and the
second electrode 243 may be disposed on the overcoat layer
260 and the color filter pattern 250.

[0211] The first electrode 241 may be an anode or a
cathode for supplying one of electrons or holes to the
light-emitting layer 242.

[0212] A case in which the first electrode 241 of the
electroluminescent display device 200 according to the
second embodiment of the present disclosure is an anode
will be described as an example.

[0213] The first electrode 241 may be formed of a con-
ductive material having relatively high work function. For
example, the first electrode 241 may be formed of a trans-
parent conductive material such as 1TO and IZO.

[0214] 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 may be
separately formed for each subpixel area.

[0215] The electroluminescent display device 200 accord-
ing to the second embodiment of the present disclosure has
been described as an example in which the thin film tran-
sistor 220 is an N-type thin film transistor and the first
electrode 241 is connected to the source electrode 223, but
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.

[0216] The first electrode 241 may also be electrically
connected to the light-emitting layer 242 by being in contact
with the light-emitting layer 242 with a conductive material
therebetween.

[0217] The first electrode 241 of the electroluminescent
display device 200 according to the second embodiment of
the present disclosure may be disposed on the color filter
pattern 250 in the emissive area EA.

[0218] The first electrode 241 may include electrode por-
tions 241a and a plurality of openings 2415.

[0219] The electrode portions 241a of the first electrode
241 may be disposed corresponding to the respective color
filter patterns 250, which are formed corresponding to the
plurality of protruding portions PP, respectively. That is, the
plurality of protruding portions PP of the overcoat layer 260,
the color filter patterns 250, and the electrode portions 241a
may be stacked in that order.

[0220] The plurality of openings 2415 of the first electrode
241 may be disposed corresponding to the plurality of
depressed portions DP, respectively. That is, the reflective
patterns RP formed corresponding to the plurality of
depressed portions DP, respectively, may be exposed by the
plurality of openings 2415 of the first electrode 241.
[0221] The electrode portions 241a of the first electrode
241 may have a flat top surface, but embodiments are not
limited thereto.

[0222] A bank layer 236 may be disposed on the overcoat
layer 260 and the first electrode 241.
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[0223] The bank layer 236 may include an open portion
236a exposing the first electrode 241.

[0224] The bank layer 236 may be disposed between
adjacent pixel (or subpixel) areas and serve to differentiate
the adjacent pixel (or subpixel) areas.

[0225] The plurality of depressed portions DP and the
plurality of protruding portions PP of the overcoat layer 260
may be disposed in the open portion 236a of the bank layer
236.

[0226] The light-emitting layer 242 may be disposed on
the electrode portion 241a of the first electrode 241 exposed
by the open portion 2364 of the bank layer 236. That is, the
light-emitting layer 242 may be disposed corresponding to
the electrode portion 241a of the first electrode 241.
[0227] The light-emitting layer 242 may have a tandem
white structure in which a plurality of light-emitting layers
are stacked to emit white light. For example, the light-
emitting layer 242 may include a first light-emitting layer
configured to emit blue light and a second light-emitting
layer disposed on the first light-emitting layer and config-
ured to emit light having a color which turns white when
mixed with blue, but embodiments are not limited thereto.
[0228] In this case, a luminescent material of the light-
emitting layer 242 may be an organic luminescent material
or an inorganic luminescent material such as a quantum dot.
[0229] The light-emitting layer 242 may be disposed along
the shape of the electrode portions 2414 of the first electrode
241 in the emissive area EA. For example, the light-emitting
layer 242 may have a flat top surface.

[0230] The second electrode 243 for supplying one of
electrons or holes to the light-emitting layer 242 may be
disposed on the light-emitting layer 242.

[0231] In this case, the second electrode 243 may be an
anode or a cathode.

[0232] A case in which the second electrode 243 of the
electroluminescent display device 200 according to the
second embodiment of the present disclosure is a cathode
will be described as an example.

[0233] The second electrode 243 may be formed of a
conductive material having relatively low work function and
may be located substantially all over a display area. For
example, the second electrode 243 may be formed of Al,
Mg, Ag, or an alloy thereof to obtain the micro-cavity effect,
but embodiments are not limited thereto.

[0234] In this case, the second electrode 243 may be
formed corresponding to the light-emitting layer 242 in the
emissive area EA. That is, the second electrode 243 may be
disposed over the light-emitting layer 242 corresponding to
the electrode portion 241a of the first electrode 241.
[0235] The first electrode 241, the light-emitting layer
242, and the second electrode 243 may form the light-
emitting diode D, and the light-emitting diode D may have
holes which respectively correspond to the plurality of
depressed portions DP of the overcoat layer 260.

[0236] Accordingly, the light-emitting diode D may
expose the reflective patterns RP respectively disposed on
the plurality of depressed portions DP.

[0237] In this way, the light-emitting diode D including
holes may be implemented using the plurality of depressed
portions DP and the plurality of protruding portions PP of
the overcoat layer 260.

[0238] A second passivation layer 282, which is config-
ured to cover the second electrode 243, the reflective pat-
terns RP, and the color filter patterns 250, may be formed.
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[0239] An encapsulation layer 280 may be formed on the
second passivation layer 282. That is, the encapsulation
layer 280 may include at least one inorganic layer and at
least one organic layer to prevent permeation of oxygen or
moisture into the light-emitting layer 242 and the second
electrode 243.

[0240] A planarizing layer 270 may be disposed between
the encapsulation layer 280 of the first substrate 210 and the
second substrate 212.

[0241] In the electroluminescent display device 200
according to the second embodiment of the present disclo-
sure, the micro lens ML of the overcoat layer 260 may allow
output of light which has not been extracted to the outside
due to total reflection of the light inside the first electrode
241 and the light-emitting layer 242 among light emitted
from the light-emitting layer 242. In this way, external
luminous efficiency may be increased.

[0242] The reflective patterns RP may be disposed corre-
sponding to the plurality of depressed portions DP of the
overcoat layer 260, and the color filter patterns 250 having
a refractive index larger than that of the overcoat layer 260
may be disposed corresponding to the plurality of protruding
portions PP.

[0243] Accordingly, a portion of light output from the
light-emitting diode D toward the first substrate 210 may be
refracted to a place where the reflective pattern RP is
disposed by using the difference in the refractive indices of
the color filter pattern 250 and the overcoat layer 260, and
the reflective pattern RP may reflect incident light toward the
second substrate 212 to realize upward emission, so that
light may be effectively output toward both the first substrate
210 and the second substrate 212.

[0244] Particularly, since the color filter pattern 250 is
disposed between the light-emitting diode D and the plural-
ity of protruding portions PP of the overcoat layer 260, light
output from the light-emitting layer 242 may be color-
changed when passing through the color filter pattern 250
and then output toward the first substrate 210 and the second
substrate 212.

[0245] Consequently, the bottom and top color filter pat-
terns 150a and 1505 of FIG. 3 of the electroluminescent
display device 100 of FIG. 3 according to the first embodi-
ment may be omitted.

[0246] Accordingly, the process is simplified, and the
problem in which it is difficult to align the bottom and top
color filter patterns 150a and 1505 of FIG. 3 with the
emissive area EA of each pixel may be solved.

[0247] FIG. 8 is a plan view schematically illustrating the
electroluminescent display device according to the second
embodiment of the present disclosure.

[0248] As illustrated in FIG. 8, the light-emitting diode D
of the electroluminescent display device 200 of FIG. 7
according to the second embodiment of the present disclo-
sure includes a plurality of holes H.

[0249] The plurality of reflective patterns RP may be
exposed by the plurality of holes H of the light-emitting
diode D.

[0250] Each of the plurality of holes H may have a
hexagonal shape in plan view, but embodiments are not
limited thereto. Each of the plurality of holes H may have
various other shapes in plan view, such as a semicircular
shape. a semielliptical shape, a quadrilateral shape, and a
circular shape, or the like.
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[0251] The plurality of holes H of the light-emitting diode
D may be formed along the shape of the plurality of
openings 2415 of FIG. 7 of the first electrode 241 of FIG. 7.
[0252] Consequently, each of the plurality of openings
2415 of FIG. 7 of the first electrode 241 of FIG. 7 may have
a hexagonal shape in plan view, but embodiments are not
limited thereto. Each of the plurality of openings 2415 may
have various other shapes in plan view, such as a semicir-
cular shape, a semielliptical shape, a quadrilateral shape, and
a circular shape, or the like.

[0253] The shape of the plurality of openings 2415 of FIG.
7 of the first electrode 241 of FIG. 7 may be formed through
a process such as photolithography, wet etching, and dry
etching. In this case, the shape of the plurality of openings
2415 of F1G. 7 of the first electrode 241 of FIG. 7 may be
adjusted by controlling a heat treatment process.

[0254] FIG. 9 is a cross-sectional view taken along line
B-B' of FIG. 8. Description will be given with reference to
FIGS. 8 and 9.

[0255] As illustrated in FIG. 9, to improve light extraction
efficiency in the electroluminescent display device 200
according to the second embodiment of the present disclo-
sure, a micro lens ML may be disposed in the overcoat layer
260 corresponding to the emissive area EA.

[0256] The micro lens ML may include a plurality of
depressed portions DP and a plurality of protruding portions
PP, but embodiments are not limited thereto, and the micro
lens ML may have various other forms.

[0257] A top surface PPS of each of the plurality of
protruding portions PP may be formed to be flat.

[0258] Each of the plurality of depressed portions DP may
have a shape in which a width progressively narrows toward
the first substrate 210. For example, each of the plurality of
depressed portions DP may have a semicircular shape or a
trapezoidal shape in cross-sectional view, but embodiments
are not limited thereto.

[0259] The overcoat layer 260 may be formed of an
organic material having a refractive index of about 1.5 to
1.55, but embodiments are not limited thereto.

[0260] In the electroluminescent display device 200
according to the second embodiment of the present disclo-
sure, the reflective pattern RP may be disposed over each of
the plurality of depressed portions DP.

[0261] The reflective pattern RP may be formed of Al, Mg,
Ag, or an alloy thereof, but embodiments are not limited
thereto.

[0262] The reflective patterns RP may also be disposed
along the shape of the plurality of depressed portions DP.
[0263] The reflective patterns RP may also be formed only
in partial areas of the plurality of depressed portions DP.
That is, the reflective patterns RP may be formed to cover
only a partial area of the corresponding depressed portions
DP or formed to cover the entire corresponding depressed
portions DP.

[0264] To efficiently make light be incident on the reflec-
tive pattern RP using refraction of light at a contact surface
between the color filter patterns 250 and the plurality of
protruding portions PP, it is preferable that the reflective
pattern RP is formed lower than the top surface PPS of each
of the plurality of protruding portions PP, but embodiments
are not limited thereto.

[0265] By disposing the reflective pattern RP along the
shape of the plurality of depressed portions DP in which a
width progressively narrows toward the first substrate 210,



US 2019/0165321 Al

a portion of light output toward the first substrate 210 may
be efficiently reflected toward the second substrate 212.
[0266] A residual layer OM formed of the same material
as the light-emitting layer 242 may be present between the
plurality of depressed portions DP and the reflective pattern
RP.

[0267] The residual layer OM is formed when materials
for forming the light-emitting layer 242 are left on a top
surface of each of the plurality of depressed portions DP
during a manufacturing process.

[0268] In the electroluminescent display device 200 of
FIG. 7 according to the second embodiment of the present
disclosure, the color filter pattern 250 may be disposed on
the top surface PPS of each of the plurality of protruding
portions PP.

[0269] The color filter pattern 250 may include a first
surface S1 contacts the electrode portion 241a of the first
electrode 241, a second surface S2 contacts the top surface
PPS of each of the plurality of protruding portions PP of the
overcoat layer 260, and third and fourth surfaces S3 and S4
which are side surfaces connecting the first surface S1 and
the second surface S2.

[0270] In this case, the reflective pattern RP is not dis-
posed at the third and fourth surfaces S3 and S4 of the color
filter pattern 250. Accordingly, light is allowed to travel to
the third and fourth surfaces S3 and S4.

[0271] The refractive index of the color filter pattern 250
may be larger than the refractive index of the overcoat layer
260.

[0272] As described above, in the electroluminescent dis-
play device 200 according to the second embodiment of the
present disclosure, the reflective pattern RP may be disposed
corresponding to each of the plurality of depressed portions
DP of the overcoat layer 260, and the color filter pattern 250
having a refractive index larger than that of the overcoat
layer 260 may be disposed corresponding to each of the
plurality of protruding portions PP of the overcoat layer 260.
[0273] The light-emitting diode D including the first elec-
trode 241, the light-emitting layer 242, and the second
electrode 243 may be disposed on the overcoat layer 260 and
the color filter pattern 250.

[0274] The light-emitting diode D of the electrolumines-
cent display device 200 according to the second embodiment
of the present disclosure may include a plurality of holes H
corresponding to the plurality of depressed portions DP.
[0275] In more detail, the first electrode 241 may include
the electrode portions 241a and the plurality of openings
241b.

[0276] The electrode portion 241a of the first electrode
241 may be disposed corresponding to the color filter
patterns 250 which are formed corresponding to the plurality
of protruding portions PP, respectively. That is, the plurality
of protruding portions PP of the overcoat layer 260, the color
filter patterns 250, and the electrode portions 241a may be
stacked in that order.

[0277] The plurality of openings 2415 of the first electrode
241 may be disposed corresponding to the plurality of
depressed portions DP, respectively. That is, the reflective
patterns RP formed corresponding to the plurality of
depressed portions DP, respectively, may be exposed by the
plurality of openings 2415 of the first electrode 241.
[0278] The electrode portion 241a of the first electrode
241 may have a flat top surface, but embodiments are not
limited thereto.
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[0279] The light-emitting layer 242 may be disposed cor-
responding to the electrode portion 241a of the first elec-
trode 241.

[0280] That is, the light-emitting layer 242 having holes
which correspond to the openings 2415 of the first electrode
241 may be formed in the emissive area EA.

[0281] The light-emitting layer 242 may be disposed along
the shape of the electrode portion 241a of the first electrode
241 in the emissive area EA. For example, the light-emitting
layer 242 may have a flat top surface.

[0282] The second electrode 243 for supplying one of
electrons or holes to the light-emitting layer 242 may be
disposed on the light-emitting layer 242.

[0283] In this case, the second electrode 243 may be
formed corresponding to the light-emitting layer 242 in the
emissive area FEA. That is, the second electrode 243 may
have holes corresponding to the openings 2415 of the first
electrode 241.

[0284] The first electrode 241, the light-emitting layer
242, and the second electrode 243 may form the light-
emitting diode D, and the light-emitting diode D may have
holes H which respectively correspond to the plurality of
depressed portions DP of the overcoat layer 260.

[0285] Accordingly, the light-emitting diode D may
expose the reflective patterns RP respectively disposed on
the plurality of depressed portions DP.

[0286] A second passivation layer 282, which is config-
ured to cover the second electrode 243, the reflective pat-
terns RP, and the color filter patterns 250, may be formed.

[0287] Accordingly, a portion of light output from the
light-emitting diode D toward the first substrate 210 may be
refracted to a place where the reflective pattern RP is
disposed by using the difference in the refractive indices of
the color filter pattern 250 and the overcoat layer 260, and
the reflective pattern RP may reflect incident light toward the
second substrate 212 to realize upward emission, so that dual
emission toward both the first substrate 210 and the second
substrate 212 is possible.

[0288] The reflective pattern RP may be formed of the
same material as the second electrode 243. In this case, the
reflective pattern RP may be formed at each of the plurality
of depressed portions DP by using the process of forming the
second electrode 243 without a separate process. Therefore,
an additional process is not required, thereby reducing the
overall manufacturing process involved.

[0289] Particularly, since the color filter pattern 250 is
disposed between the light-emitting diode D and the plural-
ity of protruding portions PP of the overcoat layer 260, light
output from the light-emitting layer 242 may be color-
changed when passing through the color filter pattern 250
and then output toward the first substrate 210 and the second
substrate 212.

[0290] Consequently, the bottom and top color filter pat-
terns 150a and 1505 of FIG. 3 of the electroluminescent
display device 100 of FIG. 3 according to the first embodi-
ment may be omitted.

[0291] Accordingly, the process is simplified, and the
problem in which it is difficult to align the bottom and top
color filter patterns 150a and 1505 of FIG. 3 with the
emissive area EA of each pixel may be solved.

[0292] FIG. 10 is a view schematically illustrating an
optical path of the electroluminescent display device accord-
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ing to the second embodiment of the present disclosure.
Description will be given with reference to FIGS. 7,9, and
10.

[0293] As illustrated in FIG. 10, the electroluminescent
display device 200 of FIG. 7 according to the second
embodiment of the present disclosure outputs rays of light
L1 and L2 toward both the first substrate 210 of FIG. 7 and
the second substrate 212 of FIG. 7.

[0294] That is, first light L1, which is perpendicularly
incident on the electrode portion 241a of the first electrode
241 among light emitted from the light-emitting layer 242,
passes through the electrode portion 241a of the first elec-
trode 241, the color filter pattern 250, and the overcoat layer
260 without change and is output toward the first substrate
210.

[0295] In addition, second light [.2, which is incident with
a predetermined slope on the electrode portion 241a of the
first electrode 241 among light emitted from the light-
emitting layer 242, is refracted and travels to a place where
the reflective pattern RP 1s disposed due to the difference in
the refractive indices of the color filter pattern 250 and the
overcoat layer 260 of FIG. 7, is reflected by the reflective
pattern RP, passes through the hole H of the light-emitting
diode D, and is output toward the second substrate 212 of
FIG. 7.

[0296] Accordingly, the electroluminescent display device
200 of FIG. 7 according to the second embodiment of the
present disclosure is capable of effectively emitting light
toward both the first substrate 210 of FIG. 7 and the second
substrate 212 of FIG. 7 using the reflective pattern RP and
the color filter pattern 250.

[0297] Further, the micro-cavity effect may be realized
using the second electrode 243.

[0298] Particularly, since the color filter pattern 250 is
disposed between the light-emitting diode D and the plural-
ity of protruding portions PP of the overcoat layer 260 of
FIG. 7, light emitted from the light-emitting layer 242 may
be color-changed when passing through the color filter
pattern 250 and then output toward the first substrate 210 of
FIG. 7 and the second substrate 212 of FIG. 7. Consequently,
the bottom and top color filter patterns 150a and 1505 of
FIG. 3 of the electroluminescent display device 100 of FIG.
3 according to the first embodiment may be omitted.
[0299] Accordingly, the process is simplified, and the
problem in which it is difficult to align the bottom and top
color filter patterns 150a and 1505 of FIG. 3 with the
emissive area EA of each pixel may be solved.

[0300] In the present disclosure, a light-emitting diode is
disposed over a plurality of protruding portions of an
overcoat layer, and a reflective pattern is disposed over a
plurality of depressed portions of the overcoat layer, so that
light extraction efficiency can be improved and effective
dual emission is possible.

[0301] Further, a color filter pattern is disposed between
the plurality of protruding portions and the light-emitting
diode, and thus the overall manufacturing process can be
simplified.

[0302] The present disclosure has been described above
with reference to exemplary embodiments thereof. How-
ever, those of ordinary skill in the art should understand that
various modifications and changes may be made to the
present disclosure within the scope not departing from the
technical spirit and scope of the present disclosure described
in the claims below.
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[0303] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
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
the various patents, applications and publications to provide
yet further embodiments.

[0304] 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. Accordingly, the claims are not limited by the
disclosure.

1. An electroluminescent display device, comprising:

a first substrate including an emissive area;

an overcoat layer disposed over the first substrate and
including a plurality of protruding portions and a
plurality of depressed portions in the emissive area;

a first electrode disposed over the overcoat layer and
including an electrode portion which corresponds to
each of the plurality of protruding portions and an
opening which corresponds to each of the plurality of
depressed portions;

a light-emitting layer disposed over the electrode portion;

a second electrode disposed over the light-emitting layer;
and

a reflective pattern disposed over each of the plurality of
depressed portions.

2. The electroluminescent display device of claim 1,
further including an insulating pattern, wherein each of the
plurality of protruding portions has a flat top surface, and the
insulating pattern is disposed between the flat top surface
and the electrode portion.

3. The electroluminescent display device of claim 2,
wherein the reflective pattern is formed lower than the flat
top surface of each of the plurality of protruding portions.

4. The electroluminescent display device of claim 2,
wherein a refractive index of the insulating pattern is larger
than a refractive index of the overcoat layer.

5. The electroluminescent display device of claim 2,
farther comprising:

a second substrate facing the first substrate;

a bottom color filter pattern disposed between the first

substrate and the overcoat layer; and

a top color filter pattern disposed between the second
substrate and the second electrode.

6. The electroluminescent display device of claim 1,
further comprising a color filter pattern, wherein each of the
plurality of protruding portions has a flat top surface and the
color filter pattern is disposed between the flat top surface
and the electrode portion.

7. The electroluminescent display device of claim 6,
wherein a refractive index of the color filter pattern is larger
than a refractive index of the overcoat layer.

8. The electroluminescent display device of claim 1,
wherein a top surface of each of the electrode portion, the
light-emitting layer, and the second electrode is flat.
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9. The electroluminescent display device of claim 1,
wherein the reflective pattern is formed of a same material
as the second electrode.

10. The electroluminescent display device of claim 1,
wherein each of the plurality of depressed portions has a
shape in which a width progressively narrows toward the
first substrate.

11. A display device, comprising:

a first substrate including an emissive area;

an overcoat layer disposed over the first substrate, the

overcoat layer including a plurality of protruding por-
tions and a plurality of depressed portions in the
emissive area to form a plurality of micro lens, the
protruding portions protruding against the first sub-
strate;

a first electrode disposed over each of the plurality of

protruding portions;

a light-emitting layer disposed over the first electrode;

a second electrode disposed over the light-emitting layer;

and

a reflective pattern including reflective members are dis-

posed over each of the plurality of depressed portions
of the micro lens.

12. The display device of claim 11, wherein the reflective
members are disposed along the shape of the plurality of
depressed portions in which a width progressively narrows
toward the first substrate.

I I T T



THMBW(EF)

[FRIER 1 (TR A (i)
B (E RN A (i)

54 B R (BRI A (F)
[FRIRE A

RAAN

IPCH %S

CPCH¥S

L 5E4X
H AT SOk
S\EREERE

BEX)

BRAXERRE

US20190165321A1

US16/198272

REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

CHOI MIN GEUN

CHOI, MIN-GEUN
YOUN, WOO-RAM

HO1L51/52 HO1L27/32

patsnap

2019-05-30

2018-11-21

HO1L51/5271 HO1L27/322 HO1L51/5275 H01L27/3246 HO1L51/5221 HO1L27/3258 H01L2251/5323
HO1L27/3262 HO1L51/5246 HO1L51/5253 HO1L51/5209

1020170163171 2017-11-30 KR

uS10680207

Espacenet USPTO

—MERRAEREE , B81F  F—ER, @EOEXEERR |, RE
EFE—EfRLE , FRERARSH RSN REBINSNMBED ;5
—Bf  REEMINRE L ACESRSNRET D HHE—1
XM BRI MEFER SN MBEE D PRS- MR O, X KRR
BEBRMS LE - BRREERARE L NREES MBS DS
MBI S LA RFER.

o=
e el A
PN

[ —

T

op P ~
ﬁ(P 250

[==]


https://share-analytics.zhihuiya.com/view/73baaa92-ec59-463e-99a5-4c23cca5b871
https://worldwide.espacenet.com/patent/search/family/064453292/publication/US2019165321A1?q=US2019165321A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190165321%22.PGNR.&OS=DN/20190165321&RS=DN/20190165321

