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(57)  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 de-
pressed portions in the emissive area; a first electrode
disposed over the overcoat layer and including an elec-

ELECTROLUMINESCENT DISPLAY DEVICE

of protruding portions and an opening which corresponds
to each of the plurality of depressed portions; a light-emit-
ting 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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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Korean
Patent Application No. 2017-0163171, filed on Novem-
ber 30, 2017.

BACKGROUND
1. Technical Field

[0002] The present disclosure relates to an electrolu-
minescent display device, and more particularly, to an
electroluminescent display device capable of effectively
outputting light in both directions up and down.

2. Discussion of the Related Art

[0003] In recent years, flat panel displays having ex-
cellent characteristics such as being thin, being light-
weight, and having low power consumption have been
widely developed and applied to various fields.

[0004] Among the flat panel displays, an electrolumi-
nescent 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 elec-
trode, 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 aflexible substrate such as plastic because
it is self-luminous, and has excellent contrast ratios. Fur-
ther the electroluminescent display device has a re-
sponse time of several micro seconds, and there are ad-
vantages in displaying moving images. The electrolumi-
nescent display device also has wide viewing angles and
is stable under low temperatures. Since the electrolumi-
nescent display device is driven by a low voltage of direct
current DC 5V to 15V, it is easy to design and manufac-
ture driving circuits.

[0006] FIG. 1 is a cross-sectional view schematically
illustrating a related art electroluminescent display de-
vice.

[0007] As illustrated in FIG. 1, an electroluminescent
display device 1 includes a substrate 10, a thin film tran-
sistor 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, alight-emittinglayer 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] Thelight emitted from the light-emitting layer 42
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passes through various configurations of the electrolu-
minescent display device 1 and exits the electrolumines-
cent display 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 lay-
er 42 and the light-emitting layer 42 inserted between
reflective layers at both sides accounts for about 60 to
70% of emitted light.

[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
electroluminescent 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 de-
mand for an electroluminescent display device which al-
lows viewing in both directions.

SUMMARY

[0013] Accordingly, embodiments of the present dis-
closure are directed to an electroluminescent display de-
vice that substantially obviates one or more of the prob-
lems due to limitations and disadvantages of the related
art.

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

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

[0016] To achieve the above-described object, the
present disclosure provides an electroluminescent dis-
play device that 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 protruding portions and an opening
which corresponds to each of the plurality of depressed
portions; a light-emitting layer disposed over the elec-
trode portion; a second electrode disposed over the light-
emitting layer; and a reflective pattern disposed over
each of the plurality of depressed portions.

[0017] The electroluminescent display device may fur-
ther include 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. In particular, the flat
top surface of each protruding portion may be a planar
surface.

[0018] The reflective pattern may be formed lower than
the flat top surface of each of the plurality of protruding
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portions.

[0019] The refractive index of the insulating pattern
may be larger than a refractive index of the overcoat lay-
er.

[0020] The electroluminescentdisplay device may fur-
ther comprise: a second substrate facing the first sub-
strate; 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.

[0021] The electroluminescentdisplay device may fur-
ther comprise 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.

[0022] The refractive index of the color filter pattern
may be larger than a refractive index of the overcoat lay-
er.

[0023] Atop surface of each of the electrode portion,
the light-emitting layer, and the second electrode may be
flat. In particular, the top surface may be planar.

[0024] Thereflective pattern may be formed of a same
material as the second electrode.

[0025] Each of the plurality of depressed portions may
have a shape in which a width progressively narrows
toward the first substrate.

[0026] In another aspect, a display device includes a
first substrate including an emissive area; an overcoat
layer disposed over the first substrate, the overcoat layer
including a plurality of protruding portions and a plurality
of depressed portions in the emissive area to form a plu-
rality of micro lens, the protruding portions protruding
against the first substrate; a first electrode disposed over
each of the plurality of protruding portions; a light-emitting
layer disposed over the first electrode; a second elec-
trode disposed over the light-emitting layer; and a reflec-
tive pattern including reflective members are disposed
over each of the plurality of depressed portions of the
micro lens.

[0027] Thereflective members are disposed along the
shape of the plurality of depressed portions in which a
width progressively narrows toward the first substrate.
[0028] It 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 DRAWINGS

[0029] The accompanying drawings, which are includ-
ed to provide a further understanding of the present dis-
closure and which are incorporated in and constitute a
part of this specification, illustrate embodiments of the
present disclosure and together with the description
serve to explain various principles of the present disclo-
sure. In the drawings:
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FIG. 1 is a cross-sectional view schematically illus-
trating a conventional electroluminescentdisplay de-
vice;

FIG. 2 is a circuit diagram illustrating a single sub-
pixel area of an electroluminescent display device
according to an embodiment of the present disclo-
sure;

FIG. 3 is a cross-sectional view schematically illus-
trating an electroluminescent display device accord-
ing to a first embodiment of the present disclosure;
FIG. 4 is a plan view schematically illustrating the
electroluminescent display device according to the
first embodiment of the present disclosure;

FIG. 5 is a cross-sectional view taken along line A-
A’ of FIG. 4;

FIG. 6 is a view schematically illustrating an optical
path of the electroluminescent display device ac-
cording to the first embodiment of the present dis-
closure;

FIG. 7 is a cross-sectional view schematically illus-
trating an electroluminescent display device accord-
ing to a second embodiment of the present disclo-
sure;

FIG. 8 is a plan view schematically illustrating the
electroluminescent display device according to the
second embodiment of the present disclosure;
FIG. 9 is a cross-sectional view taken along line B-
B’ of FIG. 8; and

FIG. 10 is a view schematically illustrating an optical
path of the electroluminescent display device ac-
cording to the second embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0030] Hereinafter, exemplary embodiments of the
present disclosure will be described with reference to the
accompanying drawings.

First embodiment

[0031] FIG. 2 is a circuit diagram illustrating a single
subpixel area of an electroluminescent display device
according to an embodiment of the present disclosure.
[0032] Asillustrated 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.

[0033] More specifically, a gate electrode of the switch-
ing 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
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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 elec-
trode 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 capacitor Cst is connected to
the gate electrode and the drain electrode of the driving
thin film transistor Td.

[0034] Theelectroluminescent 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 switching thin film transistor Ts.

[0035] 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.

[0036] 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-emit-
ting 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.

[0037] The storage capacitor Cst maintains charges
corresponding 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 until a next frame.

[0038] 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.

[0039] FIG. 3 is a cross-sectional view schematically
illustrating an electroluminescent display device accord-
ing to a first embodiment of the present disclosure.
[0040] As illustrated in FIG. 3, an electroluminescent
display device 100 according to the first embodiment of
the present disclosure includes first and second sub-
strates 110 and 112, a thin film transistor 120, bottom
and top color filter patterns 150a and 150b, an overcoat
layer 160, and a light-emitting diode D electrically con-
nected to the thin film transistor 120.

[0041] The electroluminescent display device 100 ac-
cording 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 elec-
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trode 123, and adrain electrode 124 on the first substrate
110.

[0042] 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.

[0043] The active layer 122, which overlaps the gate
electrode 121, may be disposed on the gate insulation
layer 131.

[0044] An etch stopper 132 for protecting a channel
region of the active layer 122 may be disposed on the
active layer 122.

[0045] The source electrode 123 and the drain elec-
trode 124 may be disposed on the active layer 122 and
contact the active layer 122.

[0046] 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 in-
clude a buffer layer disposed between the first substrate
110 and the active layer 122, and the etch stopper 132
may not be disposed thereon.

[0047] For convenience of description, only the driving
thin film transistor has been illustrated from among var-
ious thin film transistors that may be included in the elec-
troluminescent display device 100. Although the thin film
transistor 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 structure, 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.

[0048] 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.

[0049] In 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 ele-
ments located below the first passivation layer 133 in-
stead of flattening the upper portion of the thin film tran-
sistor 120.

[0050] The electroluminescent display device 100 ac-
cording to the first embodiment of the present disclosure
may include the top color filter pattern 150b which is dis-
posed between the second substrate 112 and a second
electrode 143 and corresponds to the bottom color filter
pattern 150a.

[0051] The bottom and top color filter patterns 150a
and 150b 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.

[0052] The bottom and top color filter patterns 150a
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and 150b may be disposed at a position which corre-
sponds to an emissive area EA and may be disposed
only in some portions of the emissive area EA.

[0053] 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 elec-
trode 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 150b at a position
corresponding to the emissive area EA means that the
bottom and top color filter patterns 150a and 150b are
disposed to prevent a blurring phenomenon and a ghost
phenomenon which occurs due to mixing of light emitted
from adjacent emissive areas EA.

[0054] Forexample, the bottom and top color filter pat-
terns 150a and 150b may be disposed to overlap the
emissive area EA and have a size smaller than or equal
to that of the emissive area EA.

[0055] However, positions and sizes of the bottom and
top color filter patterns 150a and 150b may vary in ac-
cordance with the size, position, and the like of the emis-
sive area EA.

[0056] A pixel of the present disclosure may include
one or more subpixels. For example, a single pixel may
include two to four subpixels.

[0057] Subpixel refers to a unit in which a specific type
of bottom and top color filter patterns 150a and 150b 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 150b.

[0058] Colors defined in a subpixel may include red
(R), green (G), blue (B), and, optionally, white (W), but
embodiments are not limited thereto.

[0059] The overcoatlayer 160 may be disposed on the
bottom color filter pattern 150a and the first passivation
layer 133.

[0060] The first passivation layer 133 may be omitted.
That is, the overcoat layer 160 may be disposed on the
thin film transistor 120.

[0061] Inthe figure, the bottom color filter pattern 150a
is disposed on the first passivation layer 133, but embod-
iments are not limited thereto. The bottom color filter pat-
tern 150a may be disposed at any position between the
overcoat layer 160 and the first substrate 110.

[0062] Particularly, in order to improve light extraction
efficiency in the electroluminescent display device 100
according to the first embodiment of the present disclo-
sure, a micro lens ML may be disposed in the overcoat
layer 160 corresponding to the emissive area EA.
[0063] The micro lens ML may include a plurality of
depressed portions DP and a plurality of protruding por-
tions PP, but embodiments are not limited thereto. The
micro lens ML may have various other forms.

[0064] For example, a micro lens ML which includes a
plurality of protruding portions PP and connecting por-
tions connecting adjacent protruding portions PP may
also be formed in the overcoat layer 160.
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[0065] The overcoat layer 160 serves as a planarizing
layer in an area in which the plurality of depressed por-
tions DP and the plurality of protruding portions PP are
not disposed.

[0066] 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.
[0067] Each of the plurality of depressed portions DP
may have various shapes such as a hexagonal shape,
a semicircular shape, a semielliptical shape, and a quad-
rilateral shape in plan view.

[0068] In addition, a top surface of each of the plurality
of protruding portions PP may be formed to be flat.
[0069] 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 exam-
ple, 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.

[0070] 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.
[0071] In the electroluminescent display device 100
according to the first embodiment of the present disclo-
sure, the reflective pattern RP may be disposed over
each of the plurality of depressed portions DP.

[0072] The reflective patterns RP may be formed of
aluminum (Al), magnesium (Mg), silver (Ag), or an alloy
thereof, but embodiments are not limited thereto.
[0073] In addition, the reflective patterns RP may be
disposed along the shape of the plurality of depressed
portions DP.

[0074] 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 corre-
sponding depressed portion DP.

[0075] 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.

[0076] The residuallayer OMisformed 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.

[0077] Further, in the electroluminescent display de-
vice 100 according to the first embodiment of the present
disclosure, an insulating pattern IP may be disposed on
atop surface of each of the plurality of protruding portions
PP.

[0078] Here, a refractive index of the insulating pattern
IP may be larger than a refractive index of the overcoat
layer 160.

[0079] As described above, in the electroluminescent
display device 100 according to the first embodiment of
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the present disclosure, the reflective pattern RP may be
disposed corresponding to each of the plurality of de-
pressed 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 corre-
sponding to each of the plurality of protruding portions
PP of the overcoat layer 160.

[0080] 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 indi-
ces 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 sub-
strate 110 and the second substrate 112 is possible.
[0081] 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 number of process involved.
[0082] 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 over-
coat layer 160 and the insulating pattern IP.

[0083] 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.

[0084] 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.

[0085] 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 (1ZO).

[0086] Thefirstelectrode 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.
[0087] The electroluminescent display device 100 ac-
cording to the first embodiment of the present disclosure
has been described as an example in which the thin film
transistor 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 elec-
trode 124.

[0088] The first electrode 141 may also be electrically
connected to the light-emitting layer 142 by being in con-
tact with the light-emitting layer 142 with a conductive
material therebetween.
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[0089] The first electrode 141 of the electrolumines-
centdisplay device 100 according to the firstembodiment
of the present disclosure may be disposed on the insu-
lating pattern IP in the emissive area EA.

[0090] Further, the first electrode 141 may include
electrode portions 141a and a plurality of openings 141b.
[0091] Here, the electrode portions 141a of the first
electrode 141 may be disposed corresponding to the re-
spective insulating patterns IP, which are formed corre-
sponding to the plurality of protruding portions PP, re-
spectively. Thatis, 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.
[0092] The plurality of openings 141b of the first elec-
trode 141 may be disposed corresponding to the plurality
of depressed portions DP, respectively. That is, the re-
flective patterns RP formed corresponding to the plurality
of depressed portions DP, respectively, may be exposed
by the plurality of openings 141b of the first electrode 141.
[0093] The electrode portions 141a of the first elec-
trode 141 may have a flat top surface, but embodiments
are not limited thereto.

[0094] Further, a bank layer 136 may be disposed on
the overcoat layer 160 and the first electrode 141.
[0095] The banklayer 136 may include an open portion
136a exposing the first electrode 141.

[0096] The bank layer 136 may be disposed between
adjacent pixel (or subpixel) areas and serve to differen-
tiate the adjacent pixel (or subpixel) areas.

[0097] 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 136a of
the bank layer 136.

[0098] Thatis, since the plurality of depressed portions
DP and the plurality of protruding portions PP of the over-
coat layer 160 are disposed to overlap the bottom and
top color filter patterns 150a and 150b, 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 150a and 150b and the open
portion 136a of the bank layer 136.

[0099] 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.
Thatis, the light-emitting layer 142 may be disposed cor-
responding to the electrode portions 14 1a of the firstelec-
trode 141.

[0100] 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 con-
figured to emit light having a color which turns white when
mixed with blue, but embodiments are not limited thereto.
[0101] Inthis case, a luminescent material of the light-
emitting layer 142 may be an organic luminescent mate-
rial or an inorganic luminescent material such as a quan-
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tum dot.

[0102] 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.
[0103] 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.

[0104] In this case, the second electrode 143 may be
an anode or a cathode.

[0105] A case inwhich 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.

[0106] 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), magne-
sium (Mg), silver (Ag), or an alloy thereof to obtain a mi-
cro-cavity effect, but embodiments are not limited there-
to.

[0107] 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 corre-
sponding to the electrode portions 141a of the first elec-
trode 141.

[0108] 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.

[0109] Accordingly, the light-emitting diode D may ex-
pose the reflective patterns RP disposed on the plurality
of depressed portions DP respectively.

[0110] In this way, the light-emitting diode D including
holes may be implemented using the plurality of de-
pressed portions DP and the plurality of protruding por-
tions PP of the overcoat layer 160.

[0111] Further, a second passivation layer 182, which
is configured to cover the second electrode 143, the re-
flective patterns RP, and the insulating patterns IP, may
be formed.

[0112] An encapsulation layer 180 may be formed on
the second passivation layer 182. That is, the encapsu-
lation 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.

[0113] The top color filter pattern 150b may be dis-
posed corresponding to the emissive area EA between
the encapsulation 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 150b
and the encapsulation layer 180.

[0114] In the electroluminescent display device 100
according to the first embodiment of the present disclo-
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sure, 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, ex-
ternal luminous efficiency may be increased.

[0115] 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.

[0116] 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 indi-
ces 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.
[0117] FIG. 4 is a plan view schematically illustrating
the electroluminescent display device according to the
first embodiment of the present disclosure.

[0118] 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 disclo-
sure includes a plurality of holes H.

[0119] The plurality of reflective patterns RP may be
exposed by the plurality of holes H of the light-emitting
diode D.

[0120] Each of the plurality of holes H may have a hex-
agonal shape in plan view, but embodiments are not lim-
ited 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.

[0121] The plurality of holes H of the light-emitting di-
ode D may be formed along the shape of the plurality of
openings 141b of FIG. 3 of the first electrode 141 of FIG.
3.

[0122] Therefore, each of the plurality of openings
141b 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
141b may have various other shapes in plan view, such
as a semicircular shape, a semielliptical shape, a quad-
rilateral shape, and a circular shape, or the like.

[0123] The shape of the plurality of openings 141b 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 141b of FIG. 3 of the first electrode 141 of
FIG. 3 may be adjusted by controlling a heat treatment
process.

[0124] 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.
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[0125] As illustrated in FIG. 5, to improve light extrac-
tion efficiency in the electroluminescent display device
100 according to the first embodiment of the present dis-
closure, a micro lens ML may be disposed in the overcoat
layer 160 corresponding to the emissive area EA.
[0126] 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.
[0127] A top surface PPS of each of the plurality of
protruding portions PP may be formed to be flat.

[0128] 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 exam-
ple, 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.

[0129] 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.
[0130] In the electroluminescent display device 100
according to the first embodiment of the present disclo-
sure, the reflective pattern RP may be disposed over
each of the plurality of depressed portions DP.

[0131] The reflective pattern RP may be formed of Al,
Mg, Ag, or an alloy thereof, but embodiments are not
limited thereto.

[0132] The reflective patterns RP may also be dis-
posed along the shape of the plurality of depressed por-
tions DP.

[0133] 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.

[0134] 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, itis 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.

[0135] 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
substrate 110, a portion of light output toward the first
substrate 110 may be efficiently reflected toward the sec-
ond substrate 112.

[0136] 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.

[0137] Theresiduallayer 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.
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[0138] Further, in the electroluminescent display de-
vice 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.

[0139] The insulating pattern IP may include a first sur-
face 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 ofthe 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.

[0140] Inthis 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.

[0141] Further, the refractive index of the insulating
pattern IP may be larger than the refractive index of the
overcoat layer 160.

[0142] As described above, in the electroluminescent
display 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 de-
pressed 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 corre-
sponding to each of the plurality of protruding portions
PP of the overcoat layer 160.

[0143] The light-emitting diode D including the first
electrode 141, the light-emitting layer 142, and the sec-
ond electrode 143 may be disposed on the overcoat layer
160 and the insulating pattern IP.

[0144] The light-emitting diode D of the electrolumines-
centdisplay device 100 according to the firstembodiment
of the present disclosure may include a plurality of holes
H corresponding to the plurality of depressed portions
DP.

[0145] In more detall, the first electrode 141 may in-
clude the electrode portions 141a and the plurality of
openings 141b.

[0146] Here, the electrode portions 141a of the first
electrode 141 may be disposed corresponding to the in-
sulating 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.

[0147] Further, the plurality of openings 141b 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 141b of the first elec-
trode 141.

[0148] The electrode portion 141a of the first electrode
141 may have a flat top surface, but embodiments are
not limited thereto.

[0149] The light-emitting layer 142 may be disposed
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corresponding to the electrode portions 141a of the first
electrode 141.

[0150] Thatis, the light-emitting layer 142 having holes
which correspond to the openings 141b of the first elec-
trode 141 may be formed in the emissive area EA.
[0151] 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.

[0152] 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.

[0153] 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 141b of
the first electrode 141.

[0154] 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.
[0155] Accordingly, the light-emitting diode D may ex-
pose the reflective pattern RP disposed on each of the
plurality of depressed portions DP.

[0156] The second passivation layer 182, which is con-
figured to cover the second electrode 143, the reflective
patterns RP, and the insulating patterns IP, may be
formed.

[0157] 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 indi-
ces 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 sub-
strate 110 and the second substrate 112 is possible.
[0158] In addition, the reflective pattern RP may be
formed of the same material and at the same time using
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 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.

[0159] FIG. 6 is a view schematically illustrating an op-
tical path of the electroluminescent display device ac-
cording to the first embodiment of the present disclosure.
Description will be given with reference to FIGS. 3, 5,
and 6.

[0160] 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 sec-
ond substrate 112 of FIG. 3.
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[0161] That is, first light L1, which is perpendicularly
incident on the electrode portion 141a of the first elec-
trode 141 among light emitted from the light-emitting lay-
er 142, passes through the electrode portion 141a of the
firstelectrode 141, the insulating pattern IP, and the over-
coat layer 160 of FIG. 3 without change and travels to-
ward the first substrate 110 of FIG. 3.

[0162] In addition, second light L2, 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 pat-
tern IP 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 sub-
strate 112 of FIG. 3.

[0163] The first light L1 traveling toward the first sub-
strate 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
150b of FIG. 3 and then output to the outside.

[0164] Accordingly, the electroluminescent display de-
vice 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 pat-
tern RP and the insulating pattern IP.

[0165] Further, the micro-cavity effect may be realized
using the second electrode 143.

[0166] 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 150b 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
150b of FIG. 3 with the emissive area EA of FIG. 3 of
each pixel.

[0167] Hereinafter, an electroluminescent display de-
vice 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 and top color filter patterns 150a and 150b of
FIG. 3 will be described. This process will simplify the
overall manufacturing process.

Second embodiment

[0168] Hereinafter, detailed description of configura-
tions identical or similar to those of the first embodiment
may be omitted.

[0169] FIG. 7 is a cross-sectional view schematically
illustrating an electroluminescent display device accord-
ing to a second embodiment of the present disclosure.
[0170] As illustrated in FIG. 7, an electroluminescent
display device 200 according to the second embodiment
of the present disclosure includes first and second sub-



17 EP 3 493 289 A1 18

strates 210 and 212, a thin film transistor 220, and a light-
emitting diode D electrically connected to the thin film
transistor 220.

[0171] The thin film transistor 220 of the electrolumi-
nescent display device 200 according to the second em-
bodiment 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.
[0172] 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.

[0173] The active layer 222 which overlaps the gate
electrode 221 may be disposed on the gate insulation
layer 231.

[0174] An etch stopper 232 for protecting a channel
region of the active layer 222 may be disposed on the
active layer 222.

[0175] The source electrode 223 and the drain elec-
trode 224 may be disposed on the active layer 222 and
contact the active layer 222.

[0176] 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 in-
clude a buffer layer disposed between the first substrate
210 and the active layer 222, and the etch stopper 232
may not be disposed thereon.

[0177] Forconvenience of description, only the driving
thin film transistor has been illustrated from among var-
ious thin film transistors that may be included in the elec-
troluminescent display device 200. Although the thin film
transistor 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.

[0178] A first passivation layer 233 may be disposed
on the drain electrode 224 and the source electrode 223.
[0179] In this case, although the first passivation layer
233 isillustrated 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 ele-
ments located below the first passivation layer 233 in-
stead of flattening the upper portion of the thin film tran-
sistor 220.

[0180] An overcoat layer 260 may be disposed on the
first passivation layer 233.

[0181] The first passivation layer 233 may be omitted.
That is, the overcoat layer 260 may be disposed on the
thin film transistor 220.

[0182] Particularly, to improve light extraction efficien-
cy in the electroluminescent display device 200 accord-
ing to the second embodiment of the present disclosure,
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a micro lens ML may be disposed in the overcoat layer
260 corresponding to an emissive area EA.

[0183] 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.

[0184] Forexample, a micro lens ML which includes a
plurality of protruding portions PP and connecting por-
tions connecting adjacent protruding portions PP may
also be formed in the overcoat layer 260.

[0185] The overcoat layer 260 serves as a planarizing
layer in an area in which the plurality of depressed por-
tions DP and the plurality of protruding portions PP are
not disposed.

[0186] 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.
[0187] Each of the plurality of depressed portions DP
may have various shapes such as a hexagonal shape,
a semicircular shape, a semielliptical shape, and a quad-
rilateral shape in plan view.

[0188] In addition, a top surface of each of the plurality
of protruding portions PP may be formed to be flat.
[0189] 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 semicir-
cular shape or a trapezoidal shape in cross-sectional
view, but embodiments are not limited thereto.

[0190] 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.
[0191] In the electroluminescent display device 200
according to the second embodiment of the present dis-
closure, the reflective pattern RP may be disposed over
each of the plurality of depressed portions DP.

[0192] The reflective pattern RP may be formed of Al,
Mg, Ag, or an alloy thereof, but embodiments are not
limited thereto.

[0193] Further, the reflective patterns RP may be dis-
posed along the shape of the plurality of depressed por-
tions DP.

[0194] 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.

[0195] Aresiduallayer 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 pat-
terns RP.

[0196] The residuallayer OMis 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.



19 EP 3 493 289 A1 20

[0197] In the electroluminescent display device 200
according to the second embodiment of the present dis-
closure, a color filter pattern 250 may be disposed on a
top surface of each of the plurality of protruding portions
PP.

[0198] The color filter pattern 250 is configured to
change a color oflight 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.

[0199] 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.

[0200] A pixel of the present disclosure may include
one or more subpixels. For example, a single pixel may
include two to four subpixels.

[0201] 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.

[0202] Colors defined in a subpixel may include red
(R), green (G), blue (B), and, optionally, white (W), but
embodiments are not limited thereto.

[0203] 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 plu-
rality 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.

[0204] A refractive index of the color filter pattern 250
may be larger than a refractive index of the overcoat layer
260.

[0205] As described above, in the electroluminescent
display 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.

[0206] 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 indi-
ces 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 sub-
strate 210 and the second substrate 212 is possible.
[0207] The reflective pattern RP may be formed of the
same material and at the same time using the same proc-
ess steps as a second electrode 243. In this case, the
reflective pattern RP may be formed at each of the plu-
rality of depressed portions DP by using the same proc-
ess of forming the second electrode 243 without a sep-
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arate process. Therefore, an additional process is not
required, thereby reducing the overall manufacturing
cost and number of process steps involved.

[0208] Particularly, since the color filter pattern 250 is
disposed between the light-emitting diode D and the plu-
rality 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.

[0209] Consequently, the bottom and top color filter
patterns 150a and 150b of FIG. 3 of the electrolumines-
cent display device 100 of FIG. 3 according to the first
embodiment may be omitted.

[0210] Accordingly, the process is simplified, and the
problem in which it is difficult to align the bottom and top
color filter patterns 150a and 150b of FIG. 3 with the
emissive area EA of each pixel may be solved.

[0211] 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.

[0212] The first electrode 241 may be an anode or a
cathode for supplying one of electrons or holes to the
light-emitting layer 242.

[0213] 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 an-
ode will be described as an example.

[0214] 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 ITO and 1ZO.
[0215] The firstelectrode 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.
[0216] The electroluminescent display device 200 ac-
cording to the second embodiment of the present disclo-
sure has been described as an example in which the thin
film transistor 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.

[0217] The first electrode 241 may also be electrically
connected to the light-emitting layer 242 by being in con-
tact with the light-emitting layer 242 with a conductive
material therebetween.

[0218] The first electrode 241 of the electrolumines-
cent display device 200 according to the second embod-
iment of the present disclosure may be disposed on the
color filter pattern 250 in the emissive area EA.

[0219] The first electrode 241 may include electrode
portions 241a and a plurality of openings 241b.

[0220] The electrode portions 241a of the first elec-
trode 241 may be disposed corresponding to the respec-
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tive color filter patterns 250, which are formed corre-
sponding to the plurality of protruding portions PP, re-
spectively. 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.

[0221] The plurality of openings 241b of the first elec-
trode 241 may be disposed corresponding to the plurality
of depressed portions DP, respectively. That is, the re-
flective patterns RP formed corresponding to the plurality
of depressed portions DP, respectively, may be exposed
by the plurality of openings 241b of the first electrode 241.
[0222] The electrode portions 241a of the first elec-
trode 241 may have a flat top surface, but embodiments
are not limited thereto.

[0223] A bank layer 236 may be disposed on the over-
coat layer 260 and the first electrode 241.

[0224] Thebanklayer 236 may include an open portion
236a exposing the first electrode 241.

[0225] The bank layer 236 may be disposed between
adjacent pixel (or subpixel) areas and serve to differen-
tiate the adjacent pixel (or subpixel) areas.

[0226] 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.

[0227] The light-emitting layer 242 may be disposed
on the electrode portion 241a of the first electrode 241
exposed by the open portion 236a of the bank layer 236.
That s, the light-emitting layer 242 may be disposed cor-
responding to the electrode portion 241a of the first elec-
trode 241.

[0228] 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 con-
figured to emit light having a color which turns white when
mixed with blue, but embodiments are not limited thereto.
[0229] In this case, a luminescent material of the light-
emitting layer 242 may be an organic luminescent mate-
rial or an inorganic luminescent material such as a quan-
tum dot.

[0230] The light-emitting layer 242 may be disposed
along the shape of the electrode portions 241a of the first
electrode 241 in the emissive area EA. For example, the
light-emitting layer 242 may have a flat top surface.
[0231] 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.

[0232] In this case, the second electrode 243 may be
an anode or a cathode.

[0233] A case inwhichthe second electrode 243 of the
electroluminescent display device 200 according to the
second embodiment of the present disclosure is a cath-
ode will be described as an example.

[0234] The second electrode 243 may be formed of a
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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.

[0235] 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 corre-
sponding to the electrode portion 241a of the first elec-
trode 241.

[0236] 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.
[0237] Accordingly, the light-emitting diode D may ex-
pose the reflective patterns RP respectively disposed on
the plurality of depressed portions DP.

[0238] In this way, the light-emitting diode D including
holes may be implemented using the plurality of de-
pressed portions DP and the plurality of protruding por-
tions PP of the overcoat layer 260.

[0239] A second passivation layer 282, which is con-
figured to cover the second electrode 243, the reflective
patterns RP, and the color filter patterns 250, may be
formed.

[0240] An encapsulation layer 280 may be formed on
the second passivation layer 282. That is, the encapsu-
lation 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.

[0241] A planarizing layer 270 may be disposed be-
tween the encapsulation layer 280 of the first substrate
210 and the second substrate 212.

[0242] In the electroluminescent display device 200
according to the second embodiment of the present dis-
closure, 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, ex-
ternal luminous efficiency may be increased.

[0243] Thereflective patterns RP may be disposed cor-
responding 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.

[0244] 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 indi-
ces 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



23 EP 3 493 289 A1 24

both the first substrate 210 and the second substrate 212.
[0245] Particularly, since the color filter pattern 250 is
disposed between the light-emitting diode D and the plu-
rality 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.

[0246] Consequently, the bottom and top color filter
patterns 150a and 150b of FIG. 3 of the electrolumines-
cent display device 100 of FIG. 3 according to the first
embodiment may be omitted.

[0247] Accordingly, the process is simplified, and the
problem in which it is difficult to align the bottom and top
color filter patterns 150a and 150b of FIG. 3 with the
emissive area EA of each pixel may be solved.

[0248] FIG. 8 is a plan view schematically illustrating
the electroluminescent display device according to the
second embodiment of the present disclosure.

[0249] 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 dis-
closure includes a plurality of holes H.

[0250] The plurality of reflective patterns RP may be
exposed by the plurality of holes H of the light-emitting
diode D.

[0251] Each of the plurality of holes H may have a hex-
agonal shape in plan view, but embodiments are not lim-
ited 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.

[0252] The plurality of holes H of the light-emitting di-
ode D may be formed along the shape of the plurality of
openings 241b of FIG. 7 of the first electrode 241 of FIG.
7.

[0253] Consequently, each of the plurality of openings
241b 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
241b may have various other shapes in plan view, such
as a semicircular shape, a semielliptical shape, a quad-
rilateral shape, and a circular shape, or the like.

[0254] The shape of the plurality of openings 241b 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 241b of FIG. 7 of the first electrode 241 of
FIG. 7 may be adjusted by controlling a heat treatment
process.

[0255] FIG. 9is a cross-sectional view taken along line
B-B’ of FIG. 8. Description will be given with reference
to FIGS. 8 and 9.

[0256] As illustrated in FIG. 9, to improve light extrac-
tion 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 over-
coat layer 260 corresponding to the emissive area EA.
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[0257] The micro lens ML may include a plurality of
depressed portions DP and a plurality of protruding por-
tions PP, but embodiments are not limited thereto, and
the micro lens ML may have various other forms.
[0258] A top surface PPS of each of the plurality of
protruding portions PP may be formed to be flat.

[0259] 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 semicir-
cular shape or a trapezoidal shape in cross-sectional
view, but embodiments are not limited thereto.

[0260] 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.

[0261] In the electroluminescent display device 200
according to the second embodiment of the present dis-
closure, the reflective pattern RP may be disposed over
each of the plurality of depressed portions DP.

[0262] The reflective pattern RP may be formed of Al,
Mg, Ag, or an alloy thereof, but embodiments are not
limited thereto.

[0263] The reflective patterns RP may also be dis-
posed along the shape of the plurality of depressed por-
tions DP.

[0264] The reflective patterns RP may also be formed
only in partial areas of the plurality of depressed portions
DP. That s, 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.

[0265] To efficiently make light be incident on the re-
flective pattern RP using refraction of light at a contact
surface between the color filter patterns 250 and the plu-
rality 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.

[0266] 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, a portion of light output toward the first substrate
210 may be efficiently reflected toward the second sub-
strate 212.

[0267] Aresiduallayer 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.

[0268] The residuallayer 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.

[0269] 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.

[0270] The color filter pattern 250 may include a first
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surface S1 contacts the electrode portion 241a of the first
electrode 241, a second surface S2 contacts the top sur-
face PPS of each of the plurality of protruding portions
PP of the overcoat layer 260, and third and fourth sur-
faces S3 and S4 which are side surfaces connecting the
first surface S1 and the second surface S2.

[0271] 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.
[0272] The refractive index of the color filter pattern
250 may be larger than the refractive index of the over-
coat layer 260.

[0273] As described above, in the electroluminescent
display 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 de-
pressed 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 cor-
responding to each of the plurality of protruding portions
PP of the overcoat layer 260.

[0274] The light-emitting diode D including the first
electrode 241, the light-emitting layer 242, and the sec-
ond electrode 243 may be disposed on the overcoatlayer
260 and the color filter pattern 250.

[0275] Thelight-emitting diode D of the electrolumines-
cent display device 200 according to the second embod-
iment of the present disclosure may include a plurality of
holes H corresponding to the plurality of depressed por-
tions DP.

[0276] In more detalil, the first electrode 241 may in-
clude the electrode portions 241a and the plurality of
openings 241b.

[0277] 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 plu-
rality 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 por-
tions 241a may be stacked in that order.

[0278] The plurality of openings 241b of the first elec-
trode 241 may be disposed corresponding to the plurality
of depressed portions DP, respectively. That is, the re-
flective patterns RP formed corresponding to the plurality
of depressed portions DP, respectively, may be exposed
by the plurality of openings 241b of the first electrode 241.
[0279] The electrode portion 241a of the first electrode
241 may have a flat top surface, but embodiments are
not limited thereto.

[0280] The light-emitting layer 242 may be disposed
corresponding to the electrode portion 241a of the first
electrode 241.

[0281] Thatis, the light-emitting layer 242 having holes
which correspond to the openings 241b of the first elec-
trode 241 may be formed in the emissive area EA.
[0282] The light-emitting layer 242 may be disposed
along the shape of the electrode portion 241a of the first
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electrode 241 in the emissive area EA. For example, the
light-emitting layer 242 may have a flat top surface.
[0283] 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.

[0284] 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 have holes corresponding to the openings 241b of
the first electrode 241.

[0285] 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.
[0286] Accordingly, the light-emitting diode D may ex-
pose the reflective patterns RP respectively disposed on
the plurality of depressed portions DP.

[0287] A second passivation layer 282, which is con-
figured to cover the second electrode 243, the reflective
patterns RP, and the color filter patterns 250, may be
formed.

[0288] 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 indi-
ces 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 sub-
strate 210 and the second substrate 212 is possible.
[0289] 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 processis notrequired,
thereby reducing the overall manufacturing process in-
volved.

[0290] Particularly, since the color filter pattern 250 is
disposed between the light-emitting diode D and the plu-
rality 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.

[0291] Consequently, the bottom and top color filter
patterns 150a and 150b of FIG. 3 of the electrolumines-
cent display device 100 of FIG. 3 according to the first
embodiment may be omitted.

[0292] Accordingly, the process is simplified, and the
problem in which it is difficult to align the bottom and top
color filter patterns 150a and 150b of FIG. 3 with the
emissive area EA of each pixel may be solved.

[0293] FIG. 10 is a view schematically illustrating an
optical path of the electroluminescent display device ac-
cording to the second embodiment of the present disclo-
sure. Description will be given with reference to FIGS. 7,
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9, and 10.

[0294] Asillustratedin 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.

[0295] That is, first light L1, which is perpendicularly
incident on the electrode portion 241a of the first elec-
trode 241 among light emitted from the light-emitting lay-
er 242, passes through the electrode portion 241a of the
first electrode 241, the color filter pattern 250, and the
overcoat layer 260 without change and is output toward
the first substrate 210.

[0296] In addition, second light L2, 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 is disposed due to the
difference inthe 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 sec-
ond substrate 212 of FIG. 7.

[0297] Accordingly, the electroluminescent display de-
vice 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 pat-
tern RP and the color filter pattern 250.

[0298] Further, the micro-cavity effect may be realized
using the second electrode 243.

[0299] Particularly, since the color filter pattern 250 is
disposed between the light-emitting diode D and the plu-
rality 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
150aand 150b of FIG. 3 of the electroluminescent display
device 100 of FIG. 3 according to the first embodiment
may be omitted.

[0300] Accordingly, the process is simplified, and the
problem in which it is difficult to align the bottom and top
color filter patterns 150a and 150b of FIG. 3 with the
emissive area EA of each pixel may be solved.

[0301] 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.

[0302] Further, a color filter pattern is disposed be-
tween the plurality of protruding portions and the light-
emitting diode, and thus the overall manufacturing proc-
ess can be simplified.

[0303] The present disclosure has been described
above with reference to exemplary embodiments thereof.

10

15

20

25

30

35

40

45

50

55

15

However, those of ordinary skill in the art should under-
stand that various modifications and changes may be
made.

Claims

1. Anelectroluminescentdisplay device (100) compris-
ing:

afirstsubstrate (110) including an emissive area
(EA);

an overcoat layer (160) disposed over the first
substrate (110) and including a plurality of pro-
truding portions (PP) and a plurality of de-
pressed portions (DP) in the emissive area (EA);
a first electrode (241) disposed over the over-
coat layer (160) and including an electrode por-
tion (241a) which corresponds to each of the
plurality of protruding portions (PP) and an open-
ing (241b) which corresponds to each of the plu-
rality of depressed portions (DP);

a light-emitting layer (242) disposed over the
electrode portion (241a);

a second electrode (243) disposed over the
light-emitting layer (242); and

a reflective pattern (RP) disposed over each of
the plurality of depressed portions (DP).

2. Theelectroluminescentdisplay device (100) of claim
1, further including an insulating pattern, wherein
each of the plurality of protruding portions (PP) has
a flat top surface, and the insulating pattern is dis-
posed between the flat top surface and the electrode
portion (241a).

3. Theelectroluminescentdisplay device (100) of claim
2, wherein the reflective pattern (RP) is formed lower
than the flat top surface of each of the plurality of
protruding portions (PP).

4. Theelectroluminescentdisplay device (100) of claim
2, wherein a refractive index of the insulating pattern
is larger than a refractive index of the overcoat (160)
layer.

5. Theelectroluminescentdisplay device (100) of claim
2 or 3, further comprising:

a second substrate (212) facing the first sub-
strate (110);

a bottom color filter pattern (150a) disposed be-
tween the first substrate (110) and the overcoat
layer (160); and

a top color filter pattern (150b) disposed be-
tween the second substrate (212) and the sec-
ond electrode (243).



10.

11.

12.

13.
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The electroluminescent display device (100) accord-
ing to any one of claims 1 to 4, further comprising a
color filter pattern (250), wherein each of the plurality
of protruding portions (PP) has a flat top surface and
the color filter pattern (250) is disposed between the
flat top surface and the electrode portion (241a).

The electroluminescent display device (100) of claim
5, wherein a refractive index of the color filter pattern
(250) is larger than a refractive index of the overcoat
layer (160).

The electroluminescent display device (100) of any
one of claims 1 to 6, wherein a top surface of each
of the electrode portion (241a), the light-emitting lay-
er (242), and the second electrode (243) is flat.

The electroluminescent display device (100) of any
one of claims 1 to 6, wherein the reflective pattern
(RP) is formed of a same material as the second
electrode (243).

The electroluminescent display device (100) of any
one of claims 1 to 6, wherein each of the plurality of
depressed portions (DP) has a shape in which a
width progressively narrows toward the first sub-
strate (110).

The electroluminescent display device (100) of any
one of the preceding claims, wherein the protruding
portions (PP) protrude from the first substrate (110)
and the depressed portions (DP) are depressed to-
wards the first substrate (110) to form a plurality of
micro lenses (ML).

The electroluminescent display device (100) of claim
11, wherein the reflective pattern (RP) includes re-
flective members disposed over each of the plurality
of depressed portions (DP) of the micro lenses (ML).

The display device (100) of claim 12, wherein the
reflective members are disposed along the shape of
the plurality of depressed portions (DP) in which a
width progressively narrows toward the first sub-
strate (110).
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