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(57) ABSTRACT

An electroluminescent display device includes: an electrolu-
minescent display device, including: a substrate including: a
first subpixel, and a second subpixel, a respective first
electrode in each of the first subpixel and the second
subpixel on the substrate, a trench in a boundary between the
first subpixel and the second subpixel on the substrate, an
emission layer on the first electrode, and in the first subpixel,
the second subpixel, and the boundary between the first
subpixel and the second subpixel, at least some of the
emission layer being noncontiguous in the trench, a pore
below the emission layer inside the trench, an upper end of
the pore being relatively higher than at least some of the
emission layer, and a second electrode on the emission layer.
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ELECTROLUMINESCENT DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of and priority
to Korean Patent Applications No. 10-2018-0089407, filed
on Jul. 31, 2018; and No. 10-2019-0084048, filed on Jul. 11,
2019; the entirety of each of which is hereby incorporated by
reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an electrolumi-
nescent display device, and more particularly, to an elec-
troluminescent display device configured to emit white light.

2. Discussion of the Related Art

[0003] In an electroluminescent display device, an emis-
sion layer is provided between an anode electrode and a
cathode electrode. The emission layer emits light by an
electric field generated between the above two electrodes, to
thereby display an image.

[0004] The emission layer may include an organic mate-
rial that emits light when an exciton is produced by a bond
of an electron and a hole, and the exciton falls to a ground
state from an excited state. Alternatively, the emission layer
may include an inorganic material, such as quantum dot.
[0005] The emission layer may emit different-colored
light for each subpixel, for example, red light, green light,
blue light, or white light for each subpixel, or may emit the
same-colored light for each subpixel, for example, white
light for each subpixel. If the emission layer emits different-
colored light for each subpixel, a different-colored emission
layer has to be deposited for each subpixel through the use
of a predetermined mask. This has limitations because of the
increase in the number of mask processes. Also, if a mask is
not aligned precisely, it is difficult to accurately deposit the
emission layer for each subpixel. In contrast, if the emission
layer emits same-colored light for each subpixel, for
example, white light for each subpixel, there is no need for
a mask to pattern the emission layer, and any problem
caused by a mask process is not generated.

[0006] However, in forming the emission layer configured
to emit the same-colored light for each subpixel without the
mask process, a leakage current may be generated due to a
charge transfer through the emission layer between the
neighboring subpixels. This may deteriorate picture quality.

SUMMARY

[0007] Accordingly, the present disclosure is directed to
an electroluminescent display device that substantially obvi-
ates one or more of the issues due to limitations and
disadvantages of the related art.

[0008] An aspect of the present disclosure is to provide an
electroluminescent display device that prevents picture qual-
ity from being deteriorated by a leakage current.

[0009] Additional features and aspects will be set forth in
the description that follows, and in part will be apparent
from the description, or may be learned by practice of the
inventive concepts provided herein. Other features and
aspects of the inventive concepts may be realized and
attained by the structure particularly pointed out in the

Feb. 6, 2020

written description, or derivable therefrom, and the claims
hereof as well as the appended drawings.

[0010] To achieve these and other aspects of the inventive
concepts as embodied and broadly described, there is pro-
vided an electroluminescent display device, including: an
electroluminescent display device, including: a substrate
including: a first subpixel, and a second subpixel, a respec-
tive first electrode in each of the first subpixel and the second
subpixel on the substrate, a trench in a boundary between the
first subpixel and the second subpixel on the substrate, an
emission layer on the first electrode, and in the first subpixel,
the second subpixel, and the boundary between the first
subpixel and the second subpixel, at least some of the
emission layer being noncontiguous in the trench, a pore
below the emission layer inside the trench, an upper end of
the pore being relatively higher than at least some of the
emission layer, and a second electrode on the emission layer.

[0011] In another aspect, there is provided an electrolu-
minescent display device, including: an electroluminescent
display device, including: a substrate including: a first
subpixel, a second subpixel, and a third subpixel, a circuit
device layer including a driving thin-film transistor respec-
tively in each of the first, second, and third subpixels, a
respective first electrode in each of the first, second, and
third subpixels on the circuit device layer, a trench in
respective boundaries between each of the first to third
subpixels on the substrate, an emission layer on the first
electrode, and in the first to third subpixels and the respec-
tive boundaries between each of the first to third subpixels,
at least some of the emission layer being noncontiguous
inside the trench, a pore below the emission layer inside the
trench, an upper end of the pore being relatively higher than
at least some of the emission layer, and a second electrode
on the emission layer, wherein the first electrode in the first
subpixel includes: a first lower electrode, and a first upper
electrode, wherein the first electrode in the second subpixel
includes: a second lower electrode, and a second upper
electrode, and wherein the first electrode in the third sub-
pixel includes: a third lower electrode, and a third upper
electrode, wherein a distance between the first lower elec-
trode and the first upper electrode, a distance between the
second lower electrode and the second upper electrode, and
a distance between the third lower electrode and the third
upper electrode are different from one another.

[0012] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the present disclosure,
and be protected by the following claims. Nothing in this
section should be taken as a limitation on those claims.
Further aspects and advantages are discussed below in
conjunction with embodiments of the disclosure. It is to be
understood that both the foregoing general description and
the following detailed description of the present disclosure
are examples and explanatory, and are intended to provide
further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, that may be included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
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illustrate embodiments of the disclosure and together with
the description serve to explain various principles of the
disclosure.

[0014] FIG. 1 is a plane view illustrating an electrolumi-
nescent display device according to an embodiment of the
present disclosure.

[0015] FIG. 2 is a cross-sectional view illustrating the
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line I-I of FIG. 1.

[0016] FIGS. 3 to 6 are cross-sectional views illustrating
examples of a first electrode, an emission layer, and a second
electrode according to embodiments of the present disclo-
sure.

[0017] FIG. 7 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure.

[0018] FIG. 8 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure.

[0019] FIG. 9 is a plane view illustrating an electrolumi-
nescent display device according to an embodiment of the
present disclosure.

[0020] FIG. 10 is a plane view illustrating an electrolu-
minescent display device according to an embodiment of the
present disclosure.

[0021] FIG. 11 is a plane view illustrating an electrolumi-
nescent display device according to an embodiment of the
present disclosure.

[0022] FIG. 12A is a cross-sectional view illustrating the
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line A-B of FIG. 11.

[0023] FIG. 12B is a cross-sectional view illustrating the
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line C-D of FIG. 11.

[0024] FIG. 12C is a cross-sectional view illustrating the
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line E-F of FIG. 11.

[0025] FIG. 13 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line A-B of FIG. 11.

[0026] FIG. 14 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line A-B of FIG. 11.

[0027] FIG. 15 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line A-B of FIG. 11.

[0028] FIG. 16 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line A-B of FIG. 11.

[0029] FIG. 17A is a plane view illustrating an electrolu-
minescent display device according to an embodiment of the
present disclosure

[0030] FIG. 17B is a cross-sectional view along line C-D
o FIG. 17a.
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[0031] FIG. 18 is a plane view illustrating an electrolu-
minescent display device according to an embodiment of the
present disclosure.

[0032] FIG. 19 is a plane view illustrating an electrolu-
minescent display device according to an embodiment of the
present disclosure.

[0033] FIGS. 20A to 20C illustrate examples of an elec-
troluminescent display device according to an embodiment
of the present disclosure.

[0034] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals should be understood to refer to the same ele-
ments, features, and structures. The relative size and depic-
tion of these elements may be exaggerated for clarity,
illustration, and convenience.

DETAILED DESCRIPTION

[0035] Reference will now be made in detail to embodi-
ments of the present disclosure, examples of which may be
illustrated in the accompanying drawings. In the following
description, when a detailed description of well-known
functions or configurations related to this document is
determined to unnecessarily cloud a gist of the inventive
concept, the detailed description thereof will be omitted. The
progression of processing steps and/or operations described
is an example; however, the sequence of steps and/or opera-
tions is not limited to that set forth herein and may be
changed as is known in the art, with the exception of steps
and/or operations necessarily occurring in a particular order.
Like reference numerals designate like elements throughout.
Names of the respective elements used in the following
explanations are selected only for convenience of writing the
specification and may be thus different from those used in
actual products.

[0036] It will be understood that, although the terms
“first,” “second,” etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure.

[0037] The term “at least one” should be understood as
including any and all combinations of one or more of the
associated listed items. For example, the meaning of “at
least one of a first item, a second item, and a third item”
denotes the combination of all items proposed from two or
more of the first item, the second item, and the third item as
well as the first item, the second item, or the third item.
[0038] In the description of embodiments, when a struc-
ture is described as being positioned “on or above” or “under
or below” another structure, this description should be
construed as including a case in which the structures contact
each other as well as a case in which a third structure is
disposed therebetween. The size and thickness of each
element shown in the drawings are given merely for the
convenience of description, and embodiments of the present
disclosure are not limited thereto.

[0039] Features of various embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-operated
with each other and driven technically as those skilled in the
art can sufficiently understand. Embodiments of the present
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disclosure may be carried out independently from each
other, or may be carried out together in co-dependent
relationship.

[0040] Hereinafter, an electroluminescent display device
according to an embodiment of the present disclosure will be
described in detail with reference to the accompanying
drawings.

[0041] FIG. 1 is a plane view illustrating an electrolumi-
nescent display device according to an embodiment of the
present disclosure.

[0042] As shown in the example of FIG. 1, the electrolu-
minescent display device according to an embodiment of the
present disclosure may include a substrate 100, a first
electrode 310, 320, and 330, a bank 600, and a trench (T).
A plurality of subpixels (P1, P2, P3) may be on the substrate
100. The plurality of subpixels (P1, P2, P3) may include a
first subpixel (P1), a second subpixel (P2), and a third
subpixel (P3).

[0043] The first electrode 310, 320, and 330 may be
patterned for each individual subpixel (P1, P2, P3). For
example, one first electrode 310 may be in the first subpixel
(P1), another first electrode 320 may be in the second
subpixel (P2), and another first electrode 330 may be in the
third subpixel (P3). The first electrode 310, 320, and 330
may function as an anode of the electroluminescent display
device.

[0044] The bank 600 may be formed as a matrix configu-
ration in the respective boundaries between each of the
plurality of subpixels (P1, P2, P3), and may cover the
periphery of the first electrode 310, 320, and 330. For
example, an exposed portion of the first electrode 310, 320,
and 330, which may be exposed without being covered by
the bank 600, may become an emission area.

[0045] The trench (T) may be in the boundary between
each of the plurality of subpixels (P1, P2, P3). According to
an embodiment of the present disclosure, the trench (T) may
be provided such that some of an emission layer provided
inside the trench (T) may be noncontiguous (e.g., discon-
nected or disconnectedly provided), to reduce or prevent a
leakage current from being generated between the neigh-
boring subpixels (P1, P2, P3). This will be described in
detail with reference to the following cross-sectional struc-
ture.

[0046] FIG. 2 is a cross-sectional view illustrating the
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line I-I of FIG. 1.

[0047] As shown in the example of FIG. 2, the electrolu-
minescent display device according to an embodiment of the
present disclosure may include the substrate 100, a circuit
device layer 200, an insulating layer 500, the first electrode
310, 320, and 330, the bank 600, an emission layer 700, a
second electrode 800, an encapsulation layer 850, and a
color filter layer 910, 920, and 930. The substrate 100 may
include glass or plastic, but embodiments are not limited to
these materials. The substrate 100 may include a semicon-
ductor material, such as a silicon wafer. The substrate 100
may include a transparent material or an opaque material.
The first subpixel (P1), the second subpixel (P2), and the
third subpixel (P3) may be on the substrate 100. The first
subpixel (P1) may emit red (R) light, the second subpixel
(P2) may emit green (G) light, and the third subpixel (P3)
may emit blue (B) light, but embodiments are not limited to
this structure.
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[0048] The electroluminescent display device according to
an embodiment of the present disclosure may be a top-
emission type in which emitted light advances upwardly, but
embodiments are not limited to this type. When the elec-
troluminescent display device is formed in the top-emission
type, the first substrate 100 may include an opaque material,
as well as a transparent material.

[0049] The circuit device layer 200 may be on the sub-
strate 100. In the circuit device layer 200, a circuit device
including various signal lines, thin-film transistors, and a
capacitor may be provided for each subpixel (P1, P2, P3).
The signal lines may include a gate line, a data line, a power
line, and a reference line. The thin-film transistors may
include a switching thin-film transistor, a driving thin-film
transistor, and a sensing thin-film transistor.

[0050] The switching thin-film transistor may be switched
by a gate signal supplied to the gate line. The switching
thin-film transistor may supply a data voltage, which may be
supplied from the data line, to the driving thin-film transis-
tor.

[0051] The driving thin-film transistor may be switched by
a data voltage supplied from the switching thin-film tran-
sistor. The driving thin-film transistor may generate a data
current from power source supplied from the power line, and
may supply the data current to the first electrode 310, 320,
and 330.

[0052] The sensing thin-film transistor may sense a devia-
tion of threshold voltage in the driving thin-film transistor,
which may cause deterioration of picture quality. The sens-
ing thin-film transistor may supply a current of the driving
thin-film transistor to the reference line in response to a
sensing control signal supplied from the gate line or an
additional sensing line.

[0053] The capacitor may maintain the data voltage sup-
plied to the driving thin-film transistor for one frame period.
The capacitor may be connected to each of gate and source
terminals of the driving thin-film transistor.

[0054] The insulating layer 500 may be on the circuit
device layer 200. The insulating layer 500 may protect the
circuit device layer 200, and may also planarize an upper
surface of the substrate 100. The insulating layer 500 may
include an organic insulating material, but embodiments are
not limited to this material. For example, the insulating layer
500 may include an inorganic insulating material.

[0055] The first electrode 310, 320, and 330 may be
patterned for each subpixel (P1, P2, P3) on the insulating
layer 500. The first electrode 310, 320, and 330 may be
connected to a respective driving thin-film transistor in the
circuit device layer 200. For example, the first electrode 310,
320, and 330 may be connected to a source terminal or drain
terminal of the driving thin-film transistor. For example, a
contact hole for exposing the source terminal or drain
terminal of the driving thin-film transistor may be in the
insulating layer 500 and the circuit device layer 200. The
first electrode 310, 320, and 330 may be connected to the
source terminal or drain terminal of the driving thin-film
transistor via a respective contact hole.

[0056] The electroluminescent display device according to
an embodiment of the present disclosure may be the top-
emission type. For example, the first electrode 310, 320, and
330 may upwardly reflect light emitted from the emission
layer 700. For example, the first electrode 310, 320, and 330
may be formed in a dual-layered structure including a
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reflective layer configured to reflect light, and a transparent
conductive layer configured to supply a hole to the emission
layer 700.

[0057] The bank 600 may cover both ends of the first
electrode 310, 320, and 330 on the insulating layer 500. For
example, the bank 600 may cover some areas of upper
surface and lateral surface at both ends of the first electrode
310, 320, and 330. Thus, t may be possible to prevent a
current from being concentrated on the ends of the first
electrode 310, 320, and 330, to reduce or prevent lowering
of emission efliciency. For example, some areas of the upper
surface of the first electrode 310, 320, and 330, which may
be exposed without being covered by the bank 600, may
become the emission area. The bank 600 may include an
inorganic insulating film, but embodiments are not limited to
this structure. For example, the bank 600 may include an
organic insulating film.

[0058] The trench (T) of the groove structure may be
provided in the bank 600 and the insulating layer 500. The
trench (T) may extend to a predetermined area of the
insulating layer 500 through the bank 600 in the boundary
area between the subpixels (P1, P2, P3). Thus, the trench (T)
may be obtained by removing predetermined areas of the
bank 600 and the insulating layer 500. Also, although not
shown, the trench (T) may extend to the inside of the circuit
device layer 200 below the insulating layer 500. Also, when
the bank 600 includes an organic material layer with a large
thickness, the trench (T) may be formed by removing a
predetermined area of the bank 600 without passing through
the bank 600.

[0059] The trench (T) may be provided to disconnect at
least some of the emission layer 700. For example, at least
some of the emission layer 700 may be noncontiguous (e.g.,
disconnected or disconnectedly provided) inside the trench
(T), and it may be possible to reduce or prevent a charge
transfer between the neighboring subpixels (P1, P2, P3)
through the emission layer 700, and to reduce or prevent a
leakage current between the neighboring subpixels (P1, P2,
P3). To make at least some of the emission layer 700
noncontiguous (e.g., disconnected or disconnectedly pro-
vided) inside the trench (T), a depth (b) of the trench (T) may
be larger than a width (a) of the trench (T), for example. For
example, the width (a) of the trench (T) may be within a
range of 0.1 pm to 0.2 um, and the depth (b) of the trench
(T) may be within a range of 0.2 pm to 0.4 pm, for example.
If the width (a) of the trench (T) were less than 0.1 um, the
width (a) of the trench (T) may be too small for the emission
layer 700 to be sequentially deposited on the trench (T). For
example, at least some of the emission layer 700 may be
contiguous (e.g., may be connected or connectedly provided,
or may not be provided disconnectedly) inside the trench
(1). If the width (a) of the trench (T) were more than 0.2 pum,
a pore (H) may be not formed inside the trench (T), and the
emission layer 700 may be sequentially deposited in the
trench (T). For example, at least some of the emission layer
700 may be contiguous inside the trench (T). If the depth (b)
of the trench (T) were less than 0.2 um, the pore (H) may be
not formed inside the trench (T) and the emission layer 700
may be sequentially deposited in the trench (T), and at least
some of the emission layer 700 may be contiguous inside the
trench (T). If the depth (b) of the trench (T) were more than
0.4 pm, a process of forming the trench (T) may be not
simple.
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[0060] In consideration of the width (a) of the trench (T)
within a range of 0.1 um to 0.2 pm, formed in the boundary
between the subpixels (P1, P2, P3), an interval between the
first electrodes 310, 320, and 330 spaced apart from each
other with the trench (T) interposed therebetween may be
0.4 pm or more than 0.4 um, for example.

[0061] The emission layer 700 may be formed in the area
in each of the plurality of subpixels (P1, P2, P3), and also
formed in the boundary between the plurality of subpixels
(P1, P2, P3). For example, the emission layer 700 may be
formed on the first electrode 310, 320, and 330 and the bank
600, and may also be formed on the insulating layer 500
inside the trench (T).

[0062] The emission layer 700 may be configured to emit
white (W) light. For example, the emission layer 700 may
include a plurality of stacks configured to emit different-
colored light. For example, the emission layer 700 may
include a first stack 710, a second stack 730, and a charge
generation layer 720 between the first stack 710 and the
second stack 730.

[0063] The emission layer 700 may be inside the trench
(T), and may also be over the trench (T). According to an
embodiment of the present disclosure, when the emission
layer 700 is formed inside the trench (1), at least some of the
emission layer 700 may be noncontiguous (e.g., discon-
nected or disconnectedly provided) so that it may be pos-
sible to reduce or prevent a leakage current between the
neighboring subpixels (P1, P2, P3).

[0064] The first stack 710 may be formed on lateral
surfaces inside the trench (T), and may also be formed on a
lower surface inside the trench (T). For example, with
respect to a central portion of the trench (T), a first portion
710a of the first stack 710 at one lateral surface inside the
trench (T), e.g., a left lateral surface inside the trench (T),
may be noncontiguous (e.g., disconnected or disconnectedly
provided) with a second portion 7105 of the first stack 710
at the other lateral surface inside the trench (T), e.g., a right
lateral surface inside the trench (T). It should be appreciated
that the terms “left” and “right” are used herein for conve-
nience of description, and are interchangeable and should be
understood by one of ordinary skill in the art. Also, a third
portion 710¢ of the first stack 710 on the lower surface inside
the trench (T) may be noncontiguous (e.g., disconnected or
disconnectedly provided) while being separated from the
first portion 710a and the second portion 7105 of the first
stack 710 on the lateral surfaces inside the trench (T).
Accordingly, a charge may be not transferred through the
first stack 710 between the neighboring subpixels (P1, P2,
P3), which may be adjacent to each other with the trench (T)
interposed therebetween.

[0065] Also, the charge generation layer 720 may be on
the first stack 710. For example, the charge generation layer
720 may be formed over the trench (T) without extending
inside the trench (T). For example, the charge generation
layer 720 may be formed above an upper surface 600a of
one end of the bank 600 perforated by the trench (T), for
example, above the upper surface 600 of one end of the bank
600 in contact with the trench (T), but embodiments are not
limited to this structure. For example, the charge generation
layer 720 may extend inside the trench (T).

[0066] For example, with respect to the central portion of
the trench (T), a first portion 720a of the charge generation
layer 720 at one side of the trench (T), e.g., a left side of the
trench (T), may be noncontiguous (e.g., disconnected or
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disconnectedly provided) with a second portion 7205 of the
charge generation layer 720 at the other side of the trench
(T), e.g., aright side of the trench (T). The first portion 720a
of the charge generation layer 720 may be formed on the first
portion 710a of the first stack 710, and the second portion
7206 of the charge generation layer 720 may be formed on
the second portion 7105 of the first stack 710. Accordingly,
charges may be not transferred between the subpixels (P1,
P2, P3) adjacently disposed with the trench (T) interposed
therebetween through the charge generation layer 720.
[0067] Also, the second stack 730 may be contiguous
(e.g., connectedly provided) on the charge generation layer
720 between the subpixels (P1, P2, P3), which may be
adjacent to each other with the trench (T) interposed ther-
ebetween. For example, with respect to the central portion of
the trench (T), a first portion 730a of the second stack 730
at one side of the trench (T), e.g., a left side of the trench (T),
may be connected to a second portion 7305 of the second
stack 730 at the other side of the trench (T), e.g., a right side
of the trench (T). Accordingly, charges may be transferred
between the subpixels (P1, P2, P3), adjacently disposed with
the trench (T) interposed therebetween, through the second
stack 730.

[0068] For example, a first thickness (d1) of the second
stack 730 that may correspond to some area of the trench (T)
in which the charge generation layer 720 may be noncon-
tiguous (e.g., disconnected or disconnectedly provided),
may be relatively smaller than a second thickness (d2) of the
second stack 730 that may correspond to the remaining
areas, which may not overlap the trench (T). For example,
the first thickness (d1) of the second stack 730, which may
overlap the area between the first portion 720 of the charge
generation layer 720 and the second portion 7206 of the
charge generation layer 720, may be relatively smaller than
the second thickness (d2) of the first portion 730a or the
second portion 7305 of the second stack 730, which may
overlap the bank 600.

[0069] When the second stack 730 is firstly deposited
while being noncontiguous (e.g., disconnected or discon-
nectedly provided) on the first portion 720a of the charge
generation layer 720 and the second portion 7206 of the
charge generation layer 720, the second stack 730 on the first
portion 720a of the charge generation layer 720 may contact
the second stack 730 on the second portion 7205 of the
charge generation layer 720 as the second stack 730 may be
further deposited. This may be a reason why the first
thickness (d) of the second stack 730 may be relatively
small. Lower some areas of the second stack 730 with the
first thickness (d1) corresponding to the relatively small
thickness may be noncontiguous (e.g., disconnected or dis-
connectedly provided) above the trench (T). For example,
lower some areas of the first portion 730a of the second
stack 730, e.g., a hole transporting layer (“HTL layer”), may
be noncontiguous (e.g., disconnected or disconnectedly pro-
vided) with lower some areas of the second portion 7305 of
the second stack 730, for example, the HTL layer.

[0070] As described above, the pore (H) may be formed
inside the trench (T) by the above structure of the first stack
710, the charge generation layer 720, and the second stack
730. The pore (H) may be defined by the insulating layer 500
and the emission layer 700. The pore (H) may be below the
emission layer 700. For example, the pore (H) below the
emission layer 700 may be defined by the insulating layer
500, the first stack 710, the charge generation layer 720, and
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the second stack 720. The pore (H) may extend from the
inside of the trench (T) to the upper portion of the trench (T),
and an end (HT) of the pore (H) may be higher than at least
some of the emission layer 700, which may be noncontigu-
ous (e.g., disconnected or disconnectedly provided) inside
the trench (T). For example, the end (HT) of the pore (H)
may be higher than the charge generation layer 720, and the
first portion 720a of the charge generation layer 720 and the
second portion 7205 of the charge generation layer 720 may
be noncontiguous (e.g., disconnected or disconnectedly pro-
vided) with each other due to the pore (H).

[0071] Conductivity of the charge generation layer 720
may be higher than that of each of the first stack 710 and the
second stack 730. For example, an N-type charge generation
layer of the charge generation layer 720 may include a metal
material. Conductivity of the charge generation layer 720
may be higher than that of each of the first stack 710 and the
second stack 730. Thus, the charge transfer between the
subpixels (P1, P2, P3), which may be adjacent to each other,
may be made through the charge generation layer 720, and
any charge transfer through the second stack 730 may be
insignificant. Thus, according to an embodiment of the
present disclosure, the charge generation layer 720 may be
noncontiguous (e.g., disconnected or disconnectedly pro-
vided) inside the trench (T) so that it may be possible to
reduce the charge transfer between the subpixels (P1, P2,
P3), which may be adjacent to each other, to reduce or
prevent a leakage current.

[0072] The second electrode 8§00 may be on the emission
layer 700. The second electrode 800 may function as a
cathode of the electroluminescent display device. In a simi-
lar manner as the emission layer 700, the second electrode
800 may be formed in each of the subpixels (P1, P2, P3), and
may also be formed in the boundary area between the
subpixels (P1, P2, P3).

[0073] The electroluminescent display device according to
an embodiment of the present disclosure may be formed in
the top-emission type, and the second electrode 800 may
include a transparent conductive material capable of
upwardly transmitting light emitted from the emission layer
700. Also, the second electrode 800 may include a semi-
transparent electrode so that it may be possible to obtain a
micro-cavity effect for each subpixel (P1, P2, P3). When the
second electrode 800 includes the semi-transparent elec-
trode, the micro-cavity effect may be obtained by repetitive
reflection and re-reflection of the light between the second
electrode 800 and the first electrode 310, 320, and 330, to
improve light efliciency.

[0074] The encapsulation layer 850 may be formed on the
second electrode 800 to reduce or prevent external moisture
from permeating into the emission layer 700. The encapsu-
lation layer 850 may be formed as a single-layered structure
of an inorganic insulating material, or as a deposition
structure obtained by alternately depositing an inorganic
insulating material and an organic insulating material, but
embodiments are not limited to these structures.

[0075] The color filter layer 910, 920, and 930 may be on
the encapsulation layer 850. The color filter layer 910, 920
and 903 may include a red (R) color filter 910 in the first
subpixel (P1), a green (G) color filter 920 in the second
subpixel (P2), and a blue (B) color filter in the third subpixel
(P3), but embodiments are not limited to this structure.
Although not shown, a black matrix may be additionally
provided between each of the color filter layers 910, 920,
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and 930 to reduce or prevent light from leaking into the
boundary area between the subpixels (P1, P2, P3).

[0076] FIGS. 3 to 6 are cross-sectional views illustrating
examples of a first electrode, an emission layer, and a second
electrode according to embodiments of the present disclo-
sure.

[0077] As shown in the example of FIG. 3, one first
electrode 310 may be in a first subpixel (P1), another first
electrode 320 may be in a second subpixel (P2), and another
first electrode 330 may be in a third subpixel (P3). An
emission layer 700 may be formed on the first electrode 310,
320, and 330. The emission layer 700 may include a first
stack 710, a second stack 730, and a charge generation layer
(CGL) 720.

[0078] The first stack 710 may be formed as a deposition
structure obtained by sequentially depositing a hole injecting
layer (HIL), a hole transporting layer (HTL), a blue (B)-
emitting layer (EML(B)), and an electron transporting layer
(ETL). The first stack 710 may be noncontiguous (e.g.,
disconnected or disconnectedly provided) in the boundary
area between the subpixels (P1, P2, P3), for example, an area
of a trench (T).

[0079] The charge generation layer (CGL) 720 may sup-
ply charges to the first stack 710 and the second stack 730.
The charge generation layer (CGL) 720 may include an
N-type charge generation layer configured to supply an
electron to the first stack 710, and a P-type charge generation
layer configured to supply a hole to the second stack 730.
The N-type charge generation layer may include a dopant of
a metal material, although embodiments are not limited
thereto.

[0080] The charge generation layer (CGL) 720 may be
noncontiguous (e.g., disconnected or disconnectedly pro-
vided) in the boundary area between the subpixels (P1, P2,
P3), for example, the area of the trench (T). The second stack
730 may be provided on the charge generation layer (CGL)
720. The second stack 730 may be formed as a deposition
structure obtained by sequentially depositing a hole trans-
porting layer (HTL), a red (R)-emitting layer (EML(R)), a
yellow-green (YG)-emitting layer (EML(YG)), an electron
transporting layer (ETL), and an electron injecting layer
(EIL). A deposition order of the red (R)-emitting layer
(EML(R)) and the yellow-green (YG)-emitting layer (EML
(YG)) may be changeable.

[0081] The second stack 730 may be contiguous (e.g.,
connectedly provided) across the subpixels (P1, P2, P3).
However, as described above, some lower areas of the
second stack 730 may be noncontiguous (e.g., disconnected
or disconnectedly provided) in the boundary between the
subpixels (P1, P2, P3), for example, in the trench (T) area.
For example, the hole transporting layer (HTL) in the second
stack 730 may be noncontiguous (e.g., disconnected or
disconnectedly provided); the hole transporting layer (HTL)
and the red (R)-emitting layer (EML(R)) in the second stack
730 may be noncontiguous (e.g., disconnected or discon-
nectedly provided); the hole transporting layer (HTL), the
red (R)-emitting layer (EML(R)) and the yellow-green
(YG)-emitting layer (EML(YG)) included in the second
stack 730 may be noncontiguous (e.g., disconnected or
disconnectedly provided); or the hole transporting layer
(HTL), the red (R)-emitting layer (EML(R)), the yellow-
green (YG)-emitting layer (EML(YG)) and the electron
transporting layer (ETL) may be noncontiguous (e.g., dis-
connected or disconnectedly provided).
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[0082] The second electrode 800 may be on the emission
layer 700. The second electrode 800 may be contiguous
(e.g., connectedly provided) in the boundary between the
subpixels (P1, P2, P3). In the structure of the FIG. 3
example, white light may be obtained by combination of the
blue (B)-emitting layer (EML(B)) in the first stack 710, and
the red (R)-emitting layer (EML(R)) and the yellow-green
(YG)-emitting layer (EML(YG)) in the second stack 730.
The second stack 730 may include only the yellow-green
(YG)-emitting layer (EML(YG)), without the red (R)-emit-
ting layer (EML(R)), so that it may be possible to obtain
white light by combination of the blue (B)-emitting layer
(EML(B)) in the first stack 710 and the yellow-green (YG)-
emitting layer (EML(YG)) in the second stack 730. How-
ever, a red emission efliciency may be deteriorated in the
third subpixel (P3). Thus, the second stack 730 may include
both the red (R)-emitting layer (EML(R)) and the yellow-
green (YG)-emitting layer (EML(YG)).

[0083] The structure of the FIG. 4 example is substantially
similar to the structure of the FIG. 3 example, except that the
second stack 730 includes the green (G)-emitting layer
(EML(G)) instead of the yellow-green (YG)-emitting layer
(EML(YG)). In the example of FIG. 4, white light may be
obtained by combination of the blue (B)-emitting layer
(EML(B)) in the first stack 710, and the red emitting layer
(EML(R)) and the green emitting layer (EML(G)) in the
second stack 730. Both the red emitting layer (EMI(R)) and
the green emitting layer (EML(G)) may be included in the
second stack 730. A green emission efficiency may be
improved in the second subpixel (P2), and a red emission
efficiency may be improved in the third subpixel (P3).
[0084] The structure of the FIG. 5 is substantially similar
to the structure of the FIG. 3 example, except that the first
stack 710 includes the red (R)-emitting layer (EML(R)) and
the yellow-green (YG)-emitting layer (EML(YG)) instead
of the blue (B)-emitting layer (EML(B)), and the second
stack 730 includes the blue (B)-emitting layer (EML(B))
instead of the red (R)-emitting layer (EML(R)) and the
yellow-green (YG)-emitting layer (EML(YG)). In FIG. 5, a
deposition order of the red (R)-emitting layer (EML(R)) and
the yellow-green (YG)-emitting layer (EML(YG)) may be
changeable.

[0085] Similarly to the example of FIG. 3, the structure of
FIG. 5 may include the first stack 710 including the red
(R)-emitting layer (EML(R)) and the yellow-green (YG)-
emitting layer (EML(YG)), and a red emission efficiency
may be improved in the third subpixel (P3).

[0086] The structure of FIG. 6 is substantially similar to
the structure of the FIG. 3 example, except that the first stack
710 includes the green (G)-emitting layer (EMI(G)) instead
of the yellow-green (YG)-emitting layer (EML(YG)).
[0087] Similarly to the example of FIG. 4, the structure of
FIG. 6 may include the first stack 710 including the red
(R)-emitting layer (EML(R)) and the green (G)-emitting
layer (EMI(G)). A green emission efficiency may be
improved in the second subpixel (P2), and a red emission
efficiency may be improved in the third subpixel (P3).
[0088] FIG. 7 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure.

[0089] The structure of the FIG. 7 example is substantially
similar to the FIG. 2 example, except that a third portion
720¢ of a charge generation layer 720 and a third portion
730¢ of a second stack 730 are additionally provided in the
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structure of FIG. 7. Accordingly, the same reference num-
bers will be used throughout the drawings to refer to the
same or like parts, and only the different structures will be
described.

[0090] As shown in the example of FIG. 7, when a first
portion 720a and a second portion 7205 of a charge gen-
eration layer 720 are deposited while being spaced apart
from each other, some of the charge generation layer 720
may freely fall to the area between the first portion 720a and
the second portion 7205, and a third portion 720¢ of the
charge generation layer 720 may be additionally provided on
a third portion 710¢ of the first stack 710 on an inner lower
surface of a trench (T). The third portion 720c of the charge
generation layer 720 may be noncontiguous (e.g., discon-
nected or disconnectedly provided) with the first portion
720a of the charge generation layer 720 and the second
portion 7205 of the charge generation layer 720.

[0091] Also, when a second stack 730 is deposited and
formed, some of the second stack 730 may freely fall to the
area between the first portion 720a and the second portion
7206 of the charge generation layer 720, and a third portion
730c¢ of the second stack 730 may be additionally provided
on the third portion 720¢ of the charge generation layer 720.
The third portion 730c of the second stack 730 may be
noncontiguous (e.g., disconnected or disconnectedly pro-
vided) with a first portion 730a of the second stack 730 and
a second portion 7306 of the second stack 730. However, the
third portion 730c of the second stack 730 may not be
provided.

[0092] The above-described structure of FIG. 7 may be
similarly applied to all of the following example embodi-
ments of the present disclosure.

[0093] FIG. 8 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure.

[0094] Except for a bank 600, the electroluminescent
display device of the FIG. 8 example is substantially similar
in structure to the electroluminescent display device of the
FIG. 2 example. The same reference numbers will be used
throughout the drawings to refer to the same or like parts,
and only the different structures will be described.

[0095] With reference to the example of FIG. 2, the bank
600, which may cover the end of the first electrode 310, 320,
and 330, may be not patterned for each subpixel (P1, P2,
P3), but may be formed as one contiguous body among the
neighboring subpixels (P1, P2, P3). For example, the bank
600 may be formed in the entire boundary between the
neighboring subpixels (P1, P2, P3). Accordingly, the bank
600 may be in contact with the trench (T) between the
subpixels (P1, P2, P3), and the trench (T) may be formed in
the bank 600 and the insulating layer 500 therebelow. In the
example of FIG. 2, the bank 600 may be formed in the entire
boundary area between the subpixels (P1, P2, P3), and then
predetermined areas of the bank 600 and the insulating layer
500 therebelow may be removed from the boundary area
between the subpixels (P1, P2, P3) to form the trench (T).
[0096] With reference to the example of FIG. 8, a respec-
tive bank 600, which may cover an end of a first electrode
310, 320, and 330, may be patterned for each subpixel (P1,
P2, P3). For example, each bank 600 may surround the
periphery of each of the first electrode 310, 320, and 330,
and the banks 600 may be spaced apart from each other.
Accordingly, the bank 600 may be not in contact with a
trench (T) between the subpixels (P1, P2, P3), and the trench
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(T) may be formed only in the insulating layer 500. In the
example of FIG. 8, the bank 600 may be patterned for each
subpixel (P1, P2, P3), and then predetermined areas of the
insulating layer 500 may be removed to form a trench (T).
[0097] FIG. 9 is a plane view illustrating an electrolumi-
nescent display device according to an embodiment of the
present disclosure.

[0098] Except for a structure of a trench (T), the electrolu-
minescent display device of the FIG. 9 example is substan-
tially similar in structure to the electroluminescent display
device of the FIG. 1 example. The same reference numbers
will be used throughout the drawings to refer to the same or
like parts, and only the different structures will be described.
[0099] With reference to FI1G. 9, a trench (T) may have a
shape corresponding to a shape of an individual subpixel
(P1, P2, P3), and may surround the entire periphery of the
subpixels (P1, P2, P3). Thus, in the example of FIG. 9, the
trench (T) may be formed in the boundary between the
corresponding individual subpixel (P1, P2, P3) and each of
the four-sided neighboring subpixels (P1, P2, P3) of the
corresponding subpixel, to reduce or prevent a leakage
current.

[0100] FIG. 10 is a plane view illustrating an electrolu-
minescent display device according to an embodiment of the
present disclosure.

[0101] As shown in the example of FIG. 10, a first
subpixel (P1), a second subpixel (P2), and a third subpixel
(P3) may be sequentially arranged along a horizontal direc-
tion. An arrangement structure, including the first subpixel
(P1), the second subpixel (P2), and the third subpixel (P3)
arranged in the horizontal direction, may be repetitively
provided to form a plurality of rows. For convenience of
explanation, FIG. 10 shows only two rows, but embodi-
ments are not limited thereto.

[0102] For example, along a vertical direction crossing he
horizontal direction, another first subpixel (P1) for emitting
the same-colored light may be below the first subpixel (P1),
another second subpixel (P2) for emitting the same-colored
light may be below the second subpixel (P2), and another
third subpixel (P3) for emitting the same-colored light may
be below the third subpixel (P3).

[0103] Accordingly, along the vertical direction, the sub-
pixels (P1, P2, P3) for emitting the same-colored light may
be arranged in a straight line. Thus, even if a leakage current
were generated between the subpixels (P1, P2, P3) for
emitting the same-colored light, a problem related to a
mixture of colored light, such as deterioration of picture
quality, may not occur. Accordingly, a trench (T) may not be
formed in the boundary between the subpixels (P1, P2, P3)
configured to emit the same-colored light and to adjacently
disposed along the vertical direction.

[0104] In a similar manner as the example of FIG. 1, the
trench (T) may be formed in the boundary between the
subpixels (P1, P2, P3) adjacently disposed along the hori-
zontal direction. For example, the trench (T) may be formed
in a contiguous straight-line structure along the vertical
direction. For example, the trench (T) may be formed in the
downwardly contiguous straight-line structure from the
boundary between the first subpixel (P1) and the second
subpixel (P2) in the first row to the boundary between the
first subpixel (P1) and the second subpixel (P2) in the second
row.

[0105] In the example of FIG. 10, the arrangement struc-
ture of the subpixels (P1, P2, P3) may be similarly applied
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to the plurality of rows which may be adjacent to each other
in an up-and-down (e.g., vertical) direction. Although not
shown, according to an embodiment of the present disclo-
sure, the arrangement structure of the subpixels (P1, P2, P3)
may be differently applied to the plurality of rows, which
may be adjacent to each other in the up-and-down direction.
For example, the trench (T) may be formed in the boundary
area between the subpixels (P1, P2, P3), which may be
adjacent to each other in the up-and-down direction.
[0106] FIG. 11 is a plane view illustrating an electrolumi-
nescent display device according to an embodiment of the
present disclosure.

[0107] As shown in the FIG. 11 example, the electrolu-
minescent display device according to an embodiment of the
present disclosure may include a substrate 100, a first
electrode 310, 320, and 330, a contact electrode 410, 420,
and 430, and a bank 600. A plurality of subpixels (P1, P2,
P3) may be on the substrate 100.

[0108] A plurality of emission areas (EA1, EA2, EA3) and
a plurality of contact areas (CA1l, CA2, CA3) may be
provided in the plurality of subpixels (P1, P2, P3). For
example, the first emission area (E1) and the first contact
area (CAl) may be in the first subpixel (P1), the second
emission area (E2) and the second contact area (CA2) may
be in the second subpixel (P2), and the third emission area
(E3) and the third contact area (CA3) may be in the third
subpixel (P3).

[0109] The plurality of emission areas (EA1, EA2, EA3)
may be defined by the bank 600. For example, exposed
areas, which may be exposed without being covered by the
bank 600, may become the plurality of emission areas (EA1,
EA2, EA3). The first emission area (EA1) may be a red
emission area, the second emission area (EA2) may be a
green emission area, and the third emission area (EA3) may
be a blue emission area, but embodiments are not limited to
this structure.

[0110] The plurality of contact areas (CA1, CA2, CA3)
may be provided in the area covered by the bank 600.
Accordingly, the plurality of contact areas (CA1, CA2, CA3)
may be at one peripheral area of the plurality of emission
areas (EA1, EA2, EA3). For example, the first contact area
(CAl) may be at an upper peripheral area of the first
emission area (EA1), the second contact area (CA2) may be
at an upper peripheral area of the second emission area
(EA2), and the third contact area (CA3) may be at an upper
peripheral area of the third emission area (EA3), but
embodiments are not limited to this structure.

[0111] A plurality of contact holes (CH11 to CH14, CH21
to CH24, CH31 to CH34) may be provided in the plurality
of contact areas (CA1, CA2, CA3), which may cause step
differences. Thus, if at least some areas in the plurality of
contact areas (CA1, CA2, CA3) were exposed without being
covered by the bank 600 and the some areas in the plurality
of contact areas (CAl, CA2, CA3) were to overlap the
plurality of emission areas (EA1, EA2, EA3), a problem
related to non-uniformity of emission may be generated in
the emission areas (EA1, EA2, EA3) due to the step differ-
ences. Thus, in an embodiment of the present disclosure, the
plurality of contact areas (CA1, CA2, CA3) may be covered
by the bank 600, and it may be possible to reduce or prevent
the plurality of contact areas (CA1, CA2, CA3) from over-
lapping the plurality of emission areas (EA1, EA2, EA3),
but embodiments are not limited to this structure. At least
some areas in the plurality of contact areas (CAl, CA2,
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CA3) may not be covered by the bank 600 so that at least
some areas in the plurality of contact areas (CAl, CA2,
CA3) may overlap the plurality of emission areas (EA1,
EA2, EA3).

[0112] The first electrode 310, 320, and 330 may be
patterned for each individual subpixel (P1, P2, P3). For
example, one first electrode 310 may be in the first subpixel
(P1), another first electrode 320 may be in the second
subpixel (P2), and another first electrode 330 may be in the
third subpixel (P3). The first electrode 310, 320, and 330
may function as an anode of the electroluminescent display
device.

[0113] The first electrode 310 of the first subpixel (P1)
may extend from the first emission area (EA1) to the first
contact area (CA1), and the exposed portion of the first
electrode 310, which may be exposed without being covered
by the bank 600, may become the first emission area (EA1).
The first electrode 310 of the first subpixel (P1) may be
connected to the first contact electrode 410 in the first
contact area (CAl).

[0114] The first electrode 320 of the second subpixel (P2)
may extend from the second emission area (EA2) to the
second contact area (CA2), and the exposed portion of the
first electrode 320, which may be exposed without being
covered by the bank 600, may become the second emission
area (EA2). The first electrode 320 of the second subpixel
(P2) may be connected to the second contact electrode 420
in the second contact area (CA2).

[0115] The first electrode 330 of the third subpixel (P3)
may extend from the third emission area (EA3) to the third
contact area (CA3), and the exposed portion of the first
electrode 330, which may be exposed without being covered
by the bank 600, may become the third emission area (EA3).
The first electrode 330 of the third subpixel (P3) may be
connected to the third contact electrode 430 in the third
contact area (CA3).

[0116] The contact electrode 410, 420, and 430 may be
provided in the contact area (CAl, CA2, CA3). For
example, the first contact electrode 410 may be in the first
contact area (CA1), the second contact electrode 420 may be
in the second contact area (CA2), and the third contact
electrode 430 may be in the third contact area (CA3).
[0117] The first contact electrode 410 may be connected to
the first electrode 310, and may overlap the first electrode
310 of the first subpixel (P1) in the first contact area (CA1).
Although a width of the first contact electrode 410 is
illustrated as being larger than a width of the first electrode
310, embodiments are not limited to this structure. For
example, a width of the first contact electrode 410 may be
the same as or smaller than a width of the first electrode 310.
[0118] The second contact electrode 420 may be con-
nected to the first electrode 320, and may overlap the first
electrode 320 of the second subpixel (P2) in the second
contact area (CA2). Although a width of the second contact
electrode 420 is illustrated as being larger than a width of the
first electrode 320, embodiments are not limited to this
structure. For example, a width of the second contact
electrode 420 may be the same as or smaller than a width of
the first electrode 320.

[0119] The third contact electrode 430 may be connected
to the first electrode 330, and may overlap the first electrode
330 of the third subpixel (P3) in the third contact area (CA3).
Although a width of the third contact electrode 430 is
illustrated as being larger than a width of the first electrode
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330, embodiments are not limited to this structure. For
example, a width of the third contact electrode 430 may be
the same as or smaller than a width of the first electrode 330.
[0120] FIG. 12A is a cross-sectional view illustrating the
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line A-B of FIG. 11.

[0121] As shown in the example of FIG. 12A, the elec-
troluminescent display device according to an embodiment
of the present disclosure may include the substrate 100, a
circuit device layer 200, the first electrode 310, 320, and
330, the contact electrode 410, 420, and 430, an insulating
layer 510, 520 and 530, the bank 600, a trench (T), an
emission layer 700, a second electrode 800, an encapsulation
layer 850, and a color filter layer 910, 920, and 930. The
substrate 100 in FIG. 12 is substantially similar to the
above-described examples, and a detailed description for the
substrate 100 will be omitted.

[0122] In a similar manner as above, the circuit device
layer 200 may include a circuit device including various
signal lines, thin-film transistors, and a capacitor, and the
circuit device may be provided for each subpixel (P1, P2,
P3). In FIG. 12A, reference number 250 corresponds to a
driving thin-film transistor in the circuit device layer 200.
[0123] In the circuit device layer 200, the first contact hole
(CH11, CH21, CH31) may be provided for each subpixel
(P1, P2, P3). A source terminal or drain terminal of the
driving thin-film transistor 250 may be exposed via the first
contact hole (CH11, CH21, CH31).

[0124] The first electrode 310, 320, and 330 and the
contact electrode 410, 420, and 430 may be patterned for
each subpixel (P1, P2, P3) on the circuit device layer 200.
One first electrode 310 and the first contact electrode 410
may be in the first subpixel (P1), another first electrode 320
and the second contact electrode 420 may be in the second
subpixel (P2), and another first electrode 330 and the third
contact electrode 430 may be in the third subpixel (P3).
[0125] The first electrode 310, 320, and 330 may be
connected to the driving thin-film transistor 250 in the
circuit device layer 200. For example, the first electrode 310,
320, and 330 may be connected to the source terminal or
drain terminal of the driving thin-film transistor 250.
[0126] The first electrode 310 in the first subpixel (P1)
may include a first lower electrode 311 and a first upper
electrode 312. The first lower electrode 311 and the first
upper electrode 312 may extend from the first emission area
(EA1) to the first contact area (CA1).

[0127] The first lower electrode 311 may be connected to
the driving thin-film transistor 250 via the first contact hole
(CH11) of the circuit device layer 200 in the first subpixel
(P1). Depending on the case, the first bottom electrode 311
may be connected to the driving TFT 250 through a con-
ductive material filled into the first contact hole CH11, and
this may be identically applied to all of the following
embodiments. The first upper electrode 312 may be con-
nected to the first upper contact electrode 412 in the first
contact electrode 410 via the fourth contact hole (CH14) of
the third insulating layer 530 in the first subpixel (P1).
[0128] The first contact electrode 410 in the first subpixel
(P1) may include a first lower contact electrode 411 and the
first upper contact electrode 412. The first lower contact
electrode 411 may be connected to the first lower electrode
311 via the second contact hole (CH12) of the first insulating
layer 510 in the first subpixel (P1). The first upper contact
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electrode 412 may be connected to the first lower contact
electrode 411 via the third contact hole (CH13) of the second
insulating layer 520 in the first subpixel (P1).

[0129] In the first subpixel (P1), the first lower electrode
311 may be directly connected to the driving thin-film
transistor 250 in the circuit device layer 200, and the first
upper electrode 312 may be connected to the first lower
electrode 311 through the first lower contact electrode 411
and the first upper contact electrode 412. Accordingly, the
first insulating layer 510, the second insulating layer 520 and
the third insulating layer 530 may be between the first lower
electrode 311 and the first upper electrode 312 in the first
emission area (EA1) of the first subpixel (P1).

[0130] The first electrode 320 in the second subpixel (P2)
may include a second lower electrode 321 and a second
upper electrode 322. The second lower electrode 321 and the
second upper electrode 322 may extend from the second
emission area (EA2) to the second contact area (CA2).
[0131] The second lower electrode 321 may be connected
to a second lower contact electrode 421 in the second contact
electrode 420 via the second contact hole (CH22) of the first
insulating layer 510 in the second subpixel (P2). The second
upper electrode 322 may be connected to a second upper
contact electrode 422 in the second contact electrode 420 via
the fourth contact hole (CH24) of the third insulating layer
530 in the second subpixel (P2).

[0132] The second contact electrode 420 in the second
subpixel (P2) may include the second lower contact elec-
trode 421 and the second upper contact electrode 422. The
second lower contact electrode 421 may be connected to the
driving thin-film transistor 250 via the first contact hole
(CH21) of the circuit device layer 200 in the second subpixel
(P2). The second upper contact electrode 422 may be
connected to the second lower electrode 321 via the third
contact hole (CH23) of the second insulating layer 520 in the
second subpixel (P2). Depending on the case, the second
bottom contact electrode 421 may be connected to the
driving TFT 250 through a conductive material filled into the
first contact hole CH21, and this may be identically applied
to all of the following embodiments.

[0133] In the second subpixel (P2), the second lower
electrode 321 may be directly connected to the driving
thin-film transistor 250 in the circuit device layer 200
through the second lower contact electrode 421, and the
second upper electrode 322 may be connected to the second
lower electrode 321 through the second upper contact elec-
trode 422. Accordingly, the second insulating layer 520 and
the third insulating layer 530 may be between the second
lower electrode 321 and the second upper electrode 322 in
the second emission area (EA2) of the second subpixel (P2).
[0134] The first electrode 330 in the third subpixel (P3)
may include a third lower electrode 331 and a third upper
electrode 332. The third lower electrode 331 and the third
upper electrode 332 may extend from the third emission area
(EA3) to the third contact area (CA3).

[0135] The third lower electrode 331 may be connected to
a third upper contact electrode 432 in the third contact
electrode 430 via the third contact hole (CH33) of the second
insulating layer 520 in the third subpixel (P3). The third
upper electrode 332 may be connected to the third lower
electrode 331 via the fourth contact hole (CH34) of the third
insulating layer 530 in the third subpixel (P3).

[0136] The third contact electrode 430 in the third sub-
pixel (P3) may include a third lower contact electrode 431
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and the third upper contact electrode 432. The third lower
contact electrode 431 may be connected to the driving
thin-film transistor 250 via the first contact hole (CH31) of
the circuit device layer 200 in the third subpixel (P3). The
third upper contact electrode 432 may be connected to the
third lower contact electrode 431 via the second contact hole
(CH32) of the first insulating layer 510 in the third subpixel
(P3).

[0137] In the third subpixel (P3), the third lower electrode
331 may be connected to the driving thin-film transistor 250
in the circuit device layer 200 through the third lower
contact electrode 431 and the third upper contact electrode
432, and the third upper electrode 332 may be directly
connected to the second lower electrode 321. Accordingly,
the third insulating layer 530 may be between the second
lower electrode 321 and the second upper electrode 322 in
the third emission area (EA3) of the third subpixel (P3).
Depending on the case, the third bottom contact electrode
431 may be connected to the driving TFT 250 through a
conductive material filled into the first contact hole CH31,
and this may be identically applied to all of the following
embodiments.

[0138] Thus, according to an embodiment of the present
disclosure, a distance between the first lower electrode 311
and the first upper electrode 312 in the first subpixel (P1), a
distance between the second lower electrode 321 and the
second upper electrode 322 in the second subpixel (P2), and
a distance between the third lower electrode 331 and the
third upper electrode 332 in the third subpixel (P3) may be
different from one another so that it may be possible to
obtain a micro-cavity effect. This will be described later in
detail.

[0139] The first insulating layer 510 may be provided on
the circuit device layer 200. For example, the first insulating
layer 510 may be below the first lower contact electrode 411,
the second lower electrode 321, and the third upper contact
electrode 432. In the first insulating layer 510, the second
contact hole (CH12, CH22, CH32) may be respectively
provided for each subpixel (P1, P2, P3). The first insulation
layer 510 may be provided all over the plurality of subpixels
P1 to P3 area except the second contact holes CH12, CH22,
and CH32, and thus, the first insulation layer 510 provided
in the first subpixel P1, the second insulation layer 510
provided in the second subpixel P2, and the first insulation
layer 510 provided in the third subpixel P3 may be con-
nected to one another.

[0140] The second insulating layer 520 may be provided
on the first insulating layer 510. For example, the second
insulating layer 520 may be below the first upper contact
electrode 412, the second upper contact electrode 422, and
the third lower electrode 331. In the second insulating layer
520, the third contact hole (CH13, CH23, CH33) may be
respectively provided for each subpixel (P1, P2, P3). The
second insulation layer 520 may be provided all over the
plurality of subpixels P1 to P3 area except the third contact
holes CH13, CH23, and CH33, and thus, the second insu-
lation layer 520 provided in the first subpixel P1, the second
insulation layer 520 provided in the second subpixel P2, and
the second insulation layer 520 provided in the third sub-
pixel P3 may be connected to one another.

[0141] The third insulating layer 530 may be provided on
the second insulating layer 520. For example, the third
insulating layer 530 may be below the first upper electrode
312, the second upper electrode 322, and the third upper
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electrode 332. In the third insulating layer 530, the fourth
contact hole (CH14, CH24, CH34) may be respectively
provided for each subpixel (P1, P2, P3). The third insulation
layer 530 may be provided all over the plurality of subpixels
P1 to P3 area except the fourth contact holes CH14, CH24,
and CH34, and thus, the third insulation layer 530 provided
in the first subpixel P1, the third insulation layer 530
provided in the second subpixel P2, and the third insulation
layer 530 provided in the third subpixel P3 may be con-
nected to one another.

[0142] The electroluminescent display device according to
an embodiment of the present disclosure may be formed in
a top-emission type. For example, the first electrode 310,
320, and 330 may be configured to upwardly reflect light
emitted from the emission layer 700. For example, each of
the first electrode 310, 320, and 330 may be formed in a
dual-layered structure, including the lower-positioned first
to third lower electrodes 311, 321, and 331 corresponding to
a reflective electrode, and the upper-positioned first to third
upper electrodes 312, 322, and 332 corresponding to a
transparent or semi-transparent electrode. For example, the
first to third upper electrodes 312, 322, and 332 may
function as respective anodes of the first to third subpixels
(P1, P2, P3).

[0143] In embodiments according to the present disclo-
sure, the reflective electrode may be the electrode configured
to reflect the incident light, the transparent electrode may be
the electrode configured to transmit the incident light, and
the semi-transparent electrode may be the electrode config-
ured to reflect some of the incident light and to transmit the
remaining light. In the aspect of transparency, the transpar-
ent electrode, the semi-transparent electrode, and the reflec-
tive electrode may be sequentially ranked in the order of
excellence of transparency. In the aspect of reflectance, the
reflective electrode, the semi-transparent electrode, and the
transparent electrode may be sequentially ranked in the
order of excellence of reflectance.

[0144] For example, the second lower contact electrode
421 of the second subpixel (P2) and the third lower contact
electrode 431 of the third subpixel (P3), which may be in the
same layer as the first lower electrode 311 of the first
subpixel (P1), may include the same material as that of the
first lower electrode 311, and may be also patterned by the
same process as that of the first lower electrode 311. Also,
the first lower contact electrode 411 of the first subpixel (P1)
and the third upper contact electrode 432 of the third
subpixel (P3), which may be in the same layer as that of the
second lower electrode 321 of the second subpixel (P2), may
include the same material as that of the second lower
electrode 321, and may be also patterned by the same
process as that of the second lower electrode 321.

[0145] Also, the first upper contact electrode 412 of the
first subpixel (P1) and the second upper contact electrode
422 of the second subpixel (P2), which may be in the same
layer as the third lower electrode 331 of the third subpixel
(P3), may include the same material as that of the third lower
electrode 331, and may be also patterned by the same
process as that of the third lower electrode 331. Also, the
first upper electrode 312 of the first subpixel (P1), the second
upper electrode 322 of the second subpixel (P2), and the
third upper electrode 332 of the third subpixel (P3), which
may be in the same layer, may include the same material,
and may be patterned by the same process.
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[0146] When the first to third lower electrodes 311, 321,
and 331 include the reflective electrodes, and the first to
third upper electrodes 312, 322, and 332 include the trans-
parent electrodes, some of the light emitted from the emis-
sion layer 700 may be reflected on the first to third lower
electrodes 311, 321, and 331, and may then be transmitted
through the first to third upper electrodes 311, 322 and 332,
and may then be advanced upwardly.

[0147] When the first to third lower electrodes 311, 321,
and 331 include the reflective electrodes, and the first to
third upper electrodes 312, 322, and 332 include the semi-
transparent electrodes, some of the light emitted from the
emission layer 700 may be reflected on the first to third
upper electrodes 312, 322, and 332, and may then be
advanced upwardly; and some other of the light emitted
from the emission layer 700 may be transmitted through the
first to third upper electrodes 312, 322, and 332, and may
then be advanced downwardly, and may then be reflected on
the first to third lower electrodes 311, 321, and 331. For
example, some of the light reflected on the first to third lower
electrodes 311, 321, and 331 may be transmitted through the
first to third upper electrodes 312, 322, and 332, and may
then be advanced upwardly; and some other of the light
reflected on the first to third lower electrodes 311, 321, and
331 may be reflected on the first to third upper electrodes
312, 322, and 332, and may then be advanced downwardly,
and may then be re-reflected on the first to third lower
electrodes 311, 321, and 331. The above processes may be
repeated. As described above, the light may be amplified by
the repetitive reflection and re-reflection between the first to
third lower electrodes 311, 321, and 331 and the first to third
upper electrodes 312, 322, and 332 to improve light effi-
ciency.

[0148] Forexample, when the distance between the first to
third lower electrodes 311, 321, and 331 and the first to third
upper electrodes 312, 322, and 332 becomes an integer
multiple of half-wavelength (A/2) of the light emitted from
each subpixel (P1, P2, P3), a constructive interference may
occur, and the light may be more amplified. The above
process of reflection and re-reflection may be repeated so
that the light amplification may be continuously increased,
thereby improving an external extraction efficiency of the
light. This property may be referred to as a “micro-cavity”
property.

[0149] Thus, according to an embodiment of the present
disclosure, the first distance between the first lower electrode
311 and the first upper electrode 312 in the first subpixel
(P1), the second distance between the second lower elec-
trode 321 and the second upper electrode 322 in the second
subpixel (P2), and the third distance between the third lower
electrode 331 and the third upper electrode 332 in the third
subpixel (P3) may be differently configured by the first
contact electrode 410, the second contact electrode 420, and
the third contact electrode 430 so that it may be possible to
obtain a micro-cavity effect in each subpixel (P1, P2, P3).
For example, the first distance of the first subpixel (P1)
configured to emit red (R) light corresponding to a long
wavelength range may be the largest, and the third distance
of the third subpixel (P3) configured to emit blue (B) light
corresponding to a short wavelength range may be the
smallest, but embodiments are not limited thereto.

[0150] Also, according to an embodiment of the present
disclosure, a distance between the second electrode 800 and
the first to third upper electrodes 312, 322, and 332 may be
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identically applied to all the plurality of subpixels (P1, P2,
P3), and the first to third upper electrodes 312, 322, and 332
may be formed at the same height on the third insulating
layer 530. Thus, a lower surface of the emission layer 700
on the first to third upper electrodes 312, 322, and 332 may
have a uniform height so that it may be possible to improve
a profile of the emission layer 700 in comparison when the
first to third upper electrodes 312, 322, and 332 have
different heights. Hereinafter, in various embodiments, the
distances between the first to third top electrodes 312, 322,
and 332 and the second electrode 800 may be the same in the
respective subpixels P1 to P3, and the first to third top
electrodes 312, 322, and 332 may be provided at the same
height on the third insulation layer 530. However, embodi-
ments of the present disclosure are not limited thereto.
[0151] The bank 600 may cover ends of the first to third
upper electrodes 312, 322, and 332 included in the first
electrode 310, 320, and 330 on the third insulating layer 530,
and it may be possible to reduce or prevent a current from
being concentrated on the ends of the first to third upper
electrodes 312, 322 and 322, to reduce or prevent lowering
of emission efficiency. The bank 600 may be provided as a
matrix configuration in the boundary between each of the
plurality of subpixels (P1, P2, P3), and may be configured to
define an emission area (EA1, EA2, EA3) in each individual
subpixel (P1, P2, P3). For example, an exposed area of the
first to third upper electrode 312, 322, and 332, which may
be exposed without being covered by the bank 600 in each
subpixel (P1 P2, P3), may become the emission area (EA1,
EA2, EA3).

[0152] Forexample, the bank 600 may overlap the contact
area (CA1, CA2, CA3) in which the contact electrode 410,
420, and 430 may be provided. The stepped contact area
(CA1, CA2, CA3) may not overlap the emission area (EA1,
EA2, EA3).

[0153] Although not shown, the bank 600 may be pat-
terned for each subpixel (P1, P2, P3), as described in the
example of FIG. 8. The structure of the bank 600 patterned
for each subpixel (P1, P2, P3) may be similarly applied to
the following embodiments to be described later.

[0154] The trench (T), the emission layer 700, the second
electrode 800, the encapsulation layer 850, and the color
filter layer 910, 920, and 930 are substantially similar to
those of the above embodiments of the present disclosure,
and a detailed description for the same parts will be omitted.
The trench (T) may extend to a predetermined area of the
third insulating layer 530 through the bank 600 as illustrated,
but the trench T may be provided in only the bank 600.
Alternatively, the trench T may extend to the bank 600 and
the third insulation layer 530, and moreover, may extend to
an inner portion of a second insulation layer 520 thereunder,
an inner portion of a first insulation layer 510 thereunder, or
an inner portion of a circuit device layer 200 thereunder.
[0155] FIG. 12B is a cross-sectional view illustrating the
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line C-D of FIG. 11.

[0156] For example, FIG. 12B is a cross-sectional view
illustrating the plurality of contact areas (CA1, CA2, CA3).
As shown in FIG. 12B, the circuit device layer 200, includ-
ing the driving thin-film transistor 250, may be provided on
the substrate 100. In the circuit device layer 200, the first
contact hole (CH11, CH21, CH31) may be provided for each
subpixel (P1, P2, P3), and the source terminal or drain
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terminal of the driving thin-film transistor 250 may be
exposed via the first contact hole (CH11, CH21, CH31).
[0157] The first lower electrode 311 may be in the first
subpixel (P1) on the circuit device layer 200, the second
lower contact electrode 421 may be in the second subpixel
(P2) on the circuit device layer 200, and the third lower
contact electrode 431 may be in the third subpixel (P3) on
the circuit device layer 200. The first lower electrode 311,
the second lower contact electrode 421, and the third lower
contact electrode 431 may be connected to the source
terminal or drain terminal of the driving thin-film transistor
250 via the first contact hole (CH11, CH21, CH31).
[0158] The first insulating layer 510 may be on the first
lower electrode 311, the second lower contact electrode 421,
and the third lower contact electrode 431. The second
contact hole (CH12, CH22, CH32) may be provided in the
first insulating layer 510.

[0159] The first lower contact electrode 411 may be in the
first subpixel (P1) on the first insulating layer 510, the
second lower electrode 321 may be in the second subpixel
(P2) on the first insulating layer 510, and the third upper
contact electrode 432 may be in the third subpixel (P3) on
the first insulating layer 510.

[0160] The first lower contact electrode 411 may be con-
nected (e.g., electrically connected) to the first lower elec-
trode 311 via the second contact hole (CH12). The second
lower electrode 321 may be connected (e.g., electrically
connected) to the second lower contact electrode 421 via the
second contact hole (CH22). The third upper contact elec-
trode 432 may be connected (e.g., electrically connected) to
the third lower contact electrode 431 via the second contact
hole (CH32).

[0161] The second insulating layer 520 may be on the first
lower contact electrode 411, the second lower electrode 321,
and the third upper contact electrode 432. The third contact
hole (CH13, CH23, CH33) may be provided in the second
insulating layer 520.

[0162] The first upper contact electrode 412 may be in the
first subpixel (P1) on the second insulating layer 520. The
second upper contact electrode 422 may be in the second
subpixel (P2) on the second insulating layer 520. The third
lower electrode 331 may be in the third subpixel (P3) on the
second insulating layer 520.

[0163] The first upper contact electrode 412 may be con-
nected (e.g., electrically connected) to the first lower contact
electrode 411 via the third contact hole (CH13). The second
upper contact electrode 422 may be connected (e.g., elec-
trically connected) to the second lower electrode 321 via the
third contact hole (CH23). The third lower electrode 331
may be connected (e.g., electrically connected) to the third
upper contact electrode 432 via the third contact hole
(CH33).

[0164] The third insulating layer 530 may be on the first
upper contact electrode 412, the second upper contact elec-
trode 422. The third lower electrode 331, and the fourth
contact hole (CH14, CH24, CH34) may be provided in the
third insulating layer 530.

[0165] The first upper electrode 312 may be in the first
subpixel (P1) on the third insulating layer 530. The second
upper electrode 322 may be in the second subpixel (P2) on
the third insulating layer 530. The third upper electrode 332
may be in the third subpixel (P3) on the third insulating layer
530.
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[0166] The first upper electrode 312 may be connected
(e.g., electrically connected) to the first upper contact elec-
trode 412 via the fourth contact hole (CH14). The second
upper electrode 322 may be connected (e.g., electrically
connected) to the second upper contact electrode 422 via the
fourth contact hole (CH24). The third upper electrode 332
may be connected (e.g., electrically connected) to the third
lower electrode 331 via the fourth contact hole (CH34).
[0167] The bank 600 may be on the first upper electrode
312, the second upper electrode 322, and the third upper
electrode 332, and may cover both ends of each of the first
upper electrode 312, the second upper electrode 322, and the
third upper electrode 332. The emission layer 700 may be on
the bank 600. The second electrode 800 may be on the
emission layer 700. The encapsulation layer 850 may be on
the second electrode 800. The color filter layer 910, 920, and
930 may be formed on the encapsulation layer 850.

[0168] FIG. 12C is a cross-sectional view illustrating the
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line E-F of FIG. 11.

[0169] For example, FIG. 12C is a cross-sectional view
illustrating the plurality of emission areas (EA1, EA2, EA3).
As shown in FIG. 12C, the circuit device layer 200 may be
on the substrate 100, and the first lower electrode 311 may
be in the first subpixel (P1) on the circuit device layer 200.
[0170] The first insulating layer 510 may be on the first
lower electrode 311. The second lower electrode 321 may be
in the second subpixel (P2) on the first insulating layer 510.
[0171] The second insulating layer 520 may be on the
second lower electrode 321. The third lower electrode 331
may be in the third subpixel (P3) on the second insulating
layer 520.

[0172] The third insulating layer 530 may be on the third
lower electrode 331. The first upper electrode 312 may be in
the first subpixel (P1) on the third insulating layer 530. The
second upper electrode 332 may be in the second subpixel
(P2) on the third insulating layer 530. The third upper
electrode 332 may be in the third subpixel (P3) on the third
insulating layer 530.

[0173] The bank 600 may be on the first upper electrode
312, the second upper electrode 322, and the third upper
electrode 332, and may cover both ends of the respective
first upper electrode 312, the second upper electrode 322,
and the third upper electrode 332. The emission layer 700
may be on the bank 600. The second electrode 800 may be
on the emission layer 700. The encapsulation layer 850 may
be on the second electrode 800. The color filter layer 910,
920, and 930 may be on the encapsulation layer 850.
[0174] FIG. 13 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line A-B of FIG. 11.

[0175] A third insulating layer 530 is not provided in the
electroluminescent display device of the FIG. 13 example,
which is different from the electroluminescent display
device of the FIG. 12A example. The same reference num-
bers will be used throughout the drawings to refer to the
same or like parts, and only the different structures will be
described.

[0176] As shown in FIG. 13, according to an embodiment
of the present disclosure, a first upper electrode 312 of a first
electrode 310 may be provided directly on an upper surface
of a first upper contact electrode 412 of a first contact
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electrode 410 in a first subpixel (P1) without using an
additional insulating layer. A second upper electrode 322 of
a first electrode 320 may be provided directly on an upper
surface of a second upper contact electrode 422 of a second
contact electrode 420 in a second subpixel (P2) without
using an additional insulating layer. A third upper electrode
332 of a first electrode 330 may be provided directly on an
upper surface of a third lower electrode 331 of the first
electrode 330 in a third subpixel (P3) without using an
insulating layer.

[0177] Accordingly, a first insulating layer 510 and a
second insulating layer 520 may be provided between the
first lower electrode 311 and the first upper electrode 312 in
a first emission area (EA1) of the first subpixel (P1). The
second insulating layer 520 may be provided between the
second lower electrode 321 and the second upper electrode
332 in a second emission area (EA2) of the second subpixel
(P2). An additional insulating layer may not be provided
between the third lower electrode 331 and the third upper
electrode 332 in a third emission area (EA3) of the third
subpixel (P3).

[0178] A distance between the first lower electrode 311
and the first upper electrode 312 in the first emission area
(EA1) of the first subpixel (P1) in the structure of FIG. 13
may be shorter than the distance between the first lower
electrode 311 and the first upper electrode 312 in the first
emission area (EA1) of the first subpixel (P1) in the structure
of FIG. 12A. Also, a distance between the second lower
electrode 321 and the second upper electrode 322 in the
second emission area (EA2) of the second subpixel (P2) in
the structure of FIG. 13 may be shorter than the distance
between the second lower electrode 321 and the second
upper electrode 322 in the second emission area (EA2) of the
second subpixel (P2) in the structure of FIG. 12A. Also, a
distance between the third lower electrode 331 and the third
upper electrode 332 in the third emission area (EA3) of the
third subpixel (P3) in the structure of F1G. 13 may be shorter
than the distance between the third lower electrode 331 and
the third upper electrode 332 in the third emission area
(EA3) of the third subpixel (P3) in the structure of FIG. 12A.
[0179] As described above, to obtain a micro-cavity effect
in the individual subpixel (P1, P2, P3), the distance between
the first to third lower electrodes 311, 321, and 331 and the
first to third upper electrodes 312, 322, and 332 may become
an integer multiple of half-wavelength (A/2) of the light
emitted from each subpixel (P1, P2, P3), for example. Thus,
to realize the integer multiple of half-wavelength (A/2) of the
light, the distance between the first to third lower electrodes
311, 321, and 331 and the first to third upper electrodes 312,
322, and 332 may be changed through the structure of FIG.
12A or FIG. 13.

[0180] FIG. 14 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line A-B of FIG. 11.

[0181] A structure of a first electrode 310, 320, and 330
and a contact electrode 410, 420, and 430 in the electrolu-
minescent display device of the FIG. 14 example is different
from that of the electroluminescent display device of the
FIG. 12A example. Hereinafter, only the different structures
will be described as follows.

[0182] As shown in FIG. 14, the first electrode 310, 320,
and 330 and the contact electrode 410, 420, and 430 may be
patterned for each subpixel (P1, P2, P3) on a circuit device
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layer 200. The first electrode 310 in the first subpixel (P1)
may include a first lower electrode 311 and a first upper
electrode 312. The first lower electrode 311 and the first
upper electrode 312 may extend from a first emission area
(EA1) to a first contact area (CA1).

[0183] The first lower electrode 311 may be connected
(e.g., electrically connected) to a driving thin-film transistor
250 via a first contact hole (CH11) of the circuit device layer
200 in the first subpixel (P1). The first upper electrode 312
may be connected (e.g., electrically connected) to a first
contact electrode 410 via a third contact hole (CH13) of a
third insulating layer 530 in the first subpixel (P1).

[0184] The first contact electrode 410 in the first subpixel
(P1) may include one contact layer. The first contact elec-
trode 410 may be connected (e.g., electrically connected) to
the first lower electrode 311 via a second contact hole
(CH12) in a first insulating layer 510 and a second insulating
layer 520 in the first subpixel (P1).

[0185] In the first subpixel (P1), the first lower electrode
311 may be directly connected to the driving thin-film
transistor 250 in the circuit device layer 200, and the first
upper electrode 312 may be connected to the first lower
electrode 311 via the first contact electrode 410. Accord-
ingly, the first insulating layer 510, the second insulating
layer 520, and the third insulating layer 530 may be provided
between the first lower electrode 311 and the first upper
electrode 312 in the first emission area (EA1) of the first
subpixel (P1).

[0186] The first electrode 320 in the second subpixel (P2)
may include a second lower electrode 321 and a second
upper electrode 322. The second lower electrode 321 may be
in a second emission area (EA2), and may not extend to a
second contact area (CA2). The second upper electrode 322
may extend from the second emission area (EA2) to the
second contact area (CA2).

[0187] The second lower electrode 321 may be formed as
an island structure on the first insulating layer 510. For
example, the second lower electrode 321 may not be con-
nected (e.g., electrically connected) to the second contact
electrode 420, the second upper electrode 322, and the
driving thin-film transistor 250. The second upper electrode
322 may be connected (e.g., electrically connected) to a
second upper contact electrode 422 in the second contact
electrode 420 via a third contact hole (CH23) of the third
insulating layer 530 in the second subpixel (P2).

[0188] The second contact electrode 420 in the second
subpixel (P2) may include a second lower contact electrode
421 and the second upper contact electrode 422. The second
lower contact electrode 421 may be connected (e.g., elec-
trically connected) to the driving thin-film transistor 250 via
a first contact hole (CH21) of the circuit device layer 200 in
the second subpixel (P2). The second upper contact elec-
trode 422 may be connected (e.g., electrically connected) to
the second lower electrode 321 via a second contact hole
(CH22) of the first insulating layer 510 and the second
insulating layer 520 in the second subpixel (P2).

[0189] In the second subpixel (P2), the second lower
electrode 321 may be formed as an island structure, and may
be not connected (e.g., electrically connected) to other
conductive material. The second upper electrode 322 may be
connected (e.g., electrically connected) to the driving thin-
film transistor 250 through the second lower contact elec-
trode 421 and the second upper contact electrode 422.
Accordingly, the second insulating layer 520 and the third
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insulating layer 530 may be provided between the second
lower electrode 321 and the second upper electrode 322 in
the second emission area (EA2) of the second subpixel (P2).
[0190] The first electrode 330 in the third subpixel (P3)
may include a third lower electrode 331 and a third upper
electrode 332. The third lower electrode 331 and the third
upper electrode 332 may extend from a third emission area
(EA3) to a third contact area (CA3).

[0191] The third lower electrode 331 may be connected
(e.g., electrically connected) to the third contact electrode
430 via a second contact hole (CH32) of the first insulating
layer 510 and the second insulating layer 520 in the third
subpixel (P3). The third upper electrode 332 may be con-
nected (e.g., electrically connected) to the third lower elec-
trode 331 via a third contact hole (CH33) of the third
insulating layer 530 in the third subpixel (P3).

[0192] The third contact electrode 430 in the third sub-
pixel (P3) may include one single contact layer. The third
contact electrode 430 may be connected (e.g., electrically
connected) to the driving thin-film transistor 250 via the first
contact hole (CH31) of the circuit device layer 200 in the
third subpixel (P3).

[0193] In the third subpixel (P3), the third lower electrode
331 may be connected (e.g., electrically connected) to the
driving thin-film transistor 250 in the circuit device layer
200 through the third contact electrode 430, and the third
upper electrode 332 may be directly connected to the second
lower electrode 321. Thus, the third insulating layer 530 may
be between the third lower electrode 331 and the third upper
electrode 332 in the third emission area (EA3) of the third
subpixel (P3).

[0194] The first insulating layer 510 may be provided
between the circuit device layer 200 and the second insu-
lating layer 520. For example, the first insulating layer 510
may be below the second lower electrode 321. In the first
insulating layer 510, the second contact hole (CH12, CH22,
CH32) may be provided for each subpixel (P1, P2, P3).
[0195] The second insulating layer 520 may be provided
on the first insulating layer 510. For example, the second
insulating layer 520 may be below the first contact electrode
410, the second upper contact electrode 422, and the third
lower electrode 331. In the second insulating layer 520, the
second contact hole (CH12, CH22, CH32) may be provided
for each subpixel (P1, P2, P3).

[0196] The third insulating layer 530 may be provided on
the second insulating layer 520. For example, the third
insulating layer 530 may be below the first upper electrode
312, the second upper electrode 322, and the third upper
electrode 332. In the third insulating layer 530, the third
contact hole (CH13, CH23, CH33) may be provided for each
subpixel (P1, P2, P3).

[0197] In the structure of the FIG. 12A example, the
second contact hole (CH12, CH22, CH32) may be addition-
ally provided in the first insulating layer 510, and the third
contact hole (CH13, CH23, CH33) may be additionally
provided in the second insulating layer 520. In the structure
of the FIG. 14 example, the second contact hole (CH12,
CH22, Ch32) may be provided to straightly penetrate (e.g.,
penetrate in a straight line) through the first insulating layer
510 and the second insulating layer 520. Thus, in the
example of FIG. 14, to provide the second contact hole
(CH22) that straightly penetrates through the first insulating
layer 510 and the second insulating layer 520 in the second
subpixel (P2), the second lower electrode 321 of the first

Feb. 6, 2020

electrode 320 may not overlap the second contact area
(CA2). For example, the second lower electrode 321 of the
first electrode 320 in the second subpixel (P2) may not
overlap the second contact electrode 420 of the second
contact area (CA2). Accordingly, in comparison to the
structure of the FIG. 12A example, the structure of the FIG.
14 example may be advantageous in that the number of
processes for forming the contact hole may be reduced.
[0198] FIG. 15 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line A-B of FIG. 11.

[0199] A third insulating layer 530 is not provided in the
electroluminescent display device of the FIG. 15 example,
which is different from the electroluminescent display
device of the FIG. 14 example. Accordingly, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts, and only the different
structures will be described.

[0200] As shown in FIG. 15, according to an embodiment
of the present disclosure, a first upper electrode 312 of a first
electrode 310 may be provided directly on an upper surface
of a first contact electrode 410 in a first subpixel (P1),
without using an additional insulating layer; a second upper
electrode 322 of a first electrode 320 may be provided
directly on an upper surface of a second upper contact
electrode 422 of a second contact electrode 420 in a second
subpixel (P2), without using an additional insulating layer;
and a third upper electrode 332 of a first electrode 330 may
be provided directly on an upper surface of a third lower
electrode 331 of the first electrode 330 in a third subpixel
(P3) without using an insulating layer. Accordingly, a first
insulating layer 510 and a second insulating layer 520 may
be between the first lower electrode 311 and the first upper
electrode 312 in a first emission area (EA1) of the first
subpixel (P1), the second insulating layer 520 may be
between the second lower electrode 321 and the second
upper electrode 332 in a second emission area (EA2) of the
second subpixel (P2), and an additional insulating layer may
not be between the third lower electrode 331 and the third
upper electrode 332 in a third emission area (EA3) of the
third subpixel (P3).

[0201] A distance between the first lower electrode 311
and the first upper electrode 312 in the first emission area
(EA1) of the first subpixel (P1) in the example structure of
FIG. 15 may be shorter than the distance between the first
lower electrode 311 and the first upper electrode 312 in the
first emission area (EA1) of the first subpixel (P1) in the
example structure of FIG. 14. Also, a distance between the
second lower electrode 321 and the second upper electrode
322 in the second emission area (EA2) of the second
subpixel (P2) in the structure of FIG. 15 may be shorter than
the distance between the second lower electrode 321 and the
second upper electrode 322 in the second emission area
(EA2) of the second subpixel (P2) in the structure of FIG.
14. Also, a distance between the third lower electrode 331
and the third upper electrode 332 in the third emission area
(EA3) of the third subpixel (P3) in the structure of FIG. 15
may be shorter than the distance between the third lower
electrode 331 and the third upper electrode 332 in the third
emission areca (EA3) of the third subpixel (P3) in the
structure of FIG. 14.

[0202] As described above, to obtain a micro-cavity effect
in the individual subpixel (P1, P2, P3), the distance between



US 2020/0044177 Al

the first to third lower electrodes 311, 321, and 331 and the
first to third upper electrodes 312, 322, and 332 may become
an integer multiple of half-wavelength (A/2) of the light
emitted from each subpixel (P1, P2, P3), for example. Thus,
to realize the integer multiple of half-wavelength (A/2) of the
light, the distance between the first to third lower electrodes
311, 321, and 331 and the first to third upper electrodes 312,
322, and 332 may be changed, e.g., by the structure of the
examples of FIG. 5 or FIG. 6.

[0203] FIG. 16 is a cross-sectional view illustrating an
electroluminescent display device according to an embodi-
ment of the present disclosure, which corresponds to a
cross-sectional view along line A-B of FIG. 11.

[0204] A structure of a second lower electrode 321 of a
first electrode 320 in a second subpixel (P2) in the elec-
troluminescent display device of the FIG. 16 example is
different from that of the electroluminescent display device
of the FIG. 14 example. Accordingly, the same reference
numbers will be used throughout the drawings to refer to the
same or like parts, and only the different structures will be
described.

[0205] In the example of the structure of FIG. 14, the
second lower electrode 321 of the first electrode 320 in the
second subpixel (P2) may be formed as the island structure
on the first insulating layer 510. For example, the second
lower electrode 321 may not overlap the second contact area
(CA2), and the second lower electrode 321 may not be
connected (e.g., electrically connected) to the second contact
electrode 420, the second upper electrode 322, and the
driving thin-film transistor 250.

[0206] In the example structure of FIG. 16, a second lower
electrode 321 of a first electrode 320 in a second subpixel
(P2) may overlap a second contact area (CA2), and the
second lower electrode 321 may be (e.g., electrically con-
nected) to a second contact electrode 420, and for example,
with a lateral surface of a second upper contact electrode 422
of the second contact electrode 420. In the example of FIG.
16, a second contact hole (CH22) penetrating through a first
insulating layer 510 and a second insulating layer 520 may
be provided in the second subpixel (P2).

[0207] In comparison to the structure of the FIG. 14
example, the structure of the FIG. 16 example may enable an
increase in a size of the second lower electrode 321 of the
first electrode 320 in the second subpixel (P2), eg., to
improve light efficiency. Although not shown, the structure
of the FIG. 16 example may be applied to the structure of the
FIG. 15 example.

[0208] FIG. 17A s a plane view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure. FIG. 17B is a cross-sectional view taken along
line C-D of FIG. 17A.

[0209] The electroluminescent display apparatus of each
of FIGS. 17A and 17B differs from the electroluminescent
display apparatus of each of FIGS. 11 and 13 in that a
configuration of each of a plurality of contact holes CH11 to
CH13, CH21 to CH23, and CH31 to CH33 is modified. With
reference to FIGS. 11 and 13 described above, the first
contact hole CH11, the second contact hole CH12, and the
third contact hole CH13 of the first subpixel P1 may be
formed to overlap one another, the first contact hole CH21,
the second contact hole CH22, and the third contact hole
CH23 of the second subpixel P2 may be formed to overlap
one another, and the first contact hole CH31, the second
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contact hole CH32, and the third contact hole CH33 of the
third subpixel P3 may be formed to overlap one another.
[0210] On the other hand, with reference to FIGS. 17A and
178, a first contact hole CH11 may overlap a second contact
hole CH12, but may not overlap a third contact hole CH13
in a first subpixel P1; a first contact hole CH21 may overlap
a second contact hole CH22, but may not overlap a third
contact hole CH23 in a second subpixel P2; and a first
contact hole CH31 may overlap a second contact hole CH32
but may not overlap a third contact hole CH33 in a third
subpixel P3. Although not shown, the first contact hole
CH11 may overlap the third contact hole CH13, but may not
overlap the second contact hole CH12 in the first subpixel
P1; the first contact hole CH21 may overlap the third contact
hole CH23, but may not overlap the second contact hole
CH22 in the second subpixel P2; and the first contact hole
CH31 may overlap the third contact hole CH33, but may not
overlap the second contact hole CH32 in the third subpixel
P3. Moreover, all of the first contact hole CH11, the second
contact hole CH12, and the third contact hole CH13 may not
overlap in the first subpixel P1; all of the first contact hole
CH21, the second contact hole CH22, and the third contact
hole CH23 may not overlap in the second subpixel P2; and
all of the first contact hole CH31, the second contact hole
CH32, and the third contact hole CH33 may not overlap in
the third subpixel P3.

[0211] Comparing with a case in which all of the first
contact holes CH11, CH21, and CH31, the second contact
holes CH12, CH22, and CH32, and the third contact holes
CH13, CH23, and CH33 overlap, when at least one contact
hole does not overlap the other contact holes, a process of
forming the contact holes CH11 to CH13, CH21 to CH23,
and CH31 to CH33 may be easily performed and a size of
each of the contact holes CH11 to CH13, CH21 to CH23,
and CH31 to CH33 may be reduced. A structure of each of
the contact holes CH11 to CH13, CH21 to CH23, and CH31
to CH33 illustrated in FIGS. 17A and 17B may be applied
to the structure of each of FIGS. 12A to 12C, 14, and 16
described above. In this case, in FIGS. 12A to 12C, 14, and
16, fourth contact holes CH14, CH24, and CH34 may
overlap or not overlap at least one of the first contact holes
CH11, CH21, and CH31, the second contact holes CH12,
CH22, and CH32, and the third contact holes CH13, CH23,
and CH33 in the same subpixels P1 to P3.

[0212] FIG. 18 is a plane view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

[0213] The electroluminescent display apparatus of FIG.
18 differs from the electroluminescent display apparatus of
FIG. 11 in that a structure of each of a plurality of emission
areas EA1 to EA3 and a plurality of contact areas CAl to
CA3 is modified. With reference to FIG. 11, only one side
of the first contact area CA1 may face the first emission area
EAL, only one side of the second contact area CA2 may face
the second emission area EA2, and only one side of the third
contact area CA3 may face the third emission area EA3. On
the other hand, with reference to FIG. 18, two sides (for
example, a lower side and a right side) of a first contact area
CAl may face a first emission area EA1, two sides (for
example, a lower side and a right side) of a second contact
area CA2 may face a second emission area EA2, and two
sides (for example, a lower side and a right side) of a third
contact area CA3 may face a third emission area EA3.
Therefore, in FIG. 18, the first to third emission areas EA1
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to EA3 may each include a first portion, which is disposed
under the first to third contact areas CA1 to CA3 and has a
first width W1, which is relatively wide, and a second
portion, which is disposed to the right of the first to third
contact areas CA1 to CA3 and has a second width W1 which
is relatively narrow.

[0214] In FIG. 11, because the contact areas CAl to CA3
are long provided in a widthwise direction on the emission
areas HEA1l to EA3, there is a limitation in reducing a
widthwise-direction width of each of the contact areas CAl
to CA3, and even in a case in which the widthwise-direction
width of each of the contact areas CA1 to CA3 is set to be
less than a widthwise-direction width of each of the emis-
sion areas EA1 to EA3, because an empty space next to each
of the contact areas CA1 to CA3 is small, it is difficult to
form the emission areas EA1 to EA3 next to the contact
areas CA1 to CA3. Due to this, even when the widthwise-
direction width of each of the contact areas CAl to CA3 is
maximally reduced, it is difficult to increase a size of each
of the emission areas EA1 to EA3.

[0215] On the other hand, in FIG. 18, because contact
areas CA1to CA3 are long provided, emission areas EA1 to
EA3 may be formed to the right of the contact areas CALl to
CA3, and for example, when a lengthwise-direction width of
each of the contact areas CA1 to CA3 is reduced, a size of
each of the emission areas EA1 to FA3 may increase by a
decrement, and an aperture ratio may be enhanced. In a first
subpixel P1, an upper side and a left side of a first contact
electrode 410 may be mismatched or may match with an
upper side and a left side of a first electrode 310. Similarly,
in a second subpixel P2, an upper side and a left side of a
second contact electrode 420 may be mismatched or may
match with an upper side and a left side of a first electrode
320, and in a third subpixel P3, an upper side and a left side
of a third contact electrode 430 may be mismatched or may
match with an upper side and a left side of a first electrode
330.

[0216] The contact areas (for example, first to third contact
areas) CAl to CA3 may be respectively disposed in right
upper ends of the emission areas (for example, first to third
emission areas) EA1to EA3, and thus, a lower side and a left
side of the first contact area CA1 may face the first emission
area BA1, a lower side and a left side of the second contact
area CA2 may face the second emission area EA2, and a
lower side and a left side of the third contact area CA3 may
face the third emission area EA3. A structure of each of the
contact areas CAl to CA3 and the emission areas EAL to
EA3 illustrated in FIG. 18 may be applied to the structure of
various embodiments described above.

[0217] FIG. 19 is a cross-sectional view of an electrolu-
minescent display apparatus according to an embodiment of
the present disclosure.

[0218] The electroluminescent display apparatus of FIG.
19 differs from the electroluminescent display apparatus of
FIG. 18 in that a configuration of each of a plurality of
contact holes CH11 to CH13, CH21 to CH23, and CH31 to
CH33 is modified. With reference to FIG. 19, a first contact
hole CH11 may overlap a second contact hole CH12, but
may not overlap a third contact hole CH13 in a first subpixel
P1; a first contact hole CH21 may overlap a second contact
hole CH22, but may not overlap a third contact hole CH23
in a second subpixel P2; and a first contact hole CH31 may
overlap a second contact hole CH32, but may not overlap a
third contact hole CH33 in a third subpixel P3. Although not
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shown, the first contact hole CHI1 may ovetlap the third
contact hole CH13, but may not ovetlap the second contact
hole CH12 in the first subpixel P1; the first contact hole
CH21 may overlap the third contact hole CH23, but may not
overlap the second contact hole CH22 in the second subpixel
P2; and the first contact hole CH31 may overlap the third
contact hole CH33, but may not overlap the second contact
hole CH32 in the third subpixel P3. Moreover, all of the first
contact hole CH11, the second contact hole CH12, and the
third contact hole CH13 may not overlap in the first subpixel
P1; all of the first contact hole CH21, the second contact hole
CH22, and the third contact hole CH23 may not overlap in
the second subpixel P2; and all of the first contact hole
CH31, the second contact hole CH32, and the third contact
hole CH33 may not overlap in the third subpixel P3.
Comparing with a case in which all of the first contact holes
CH11, CH21, and CH31, the second contact holes CH12,
CH22, and CH32, and the third contact holes CH13, CH23,
and CH33 overlap, when at least one contact hole does not
overlap the other contact holes, a process of forming the
contact holes CH11 to CH13, CH21 to CH23, and CH31 to
CH33 may be easily performed and a size of each of the
contact holes CH11 to CH13, CH21 to CH23, and CH31 to
CH33 may be reduced.

[0219] According to an embodiment of the present disclo-
sure, the trench may be provided in the boundary between
the neighboring subpixels, and at least some of the emission
layer may be noncontiguous (e.g., disconnectedly provided)
in the trench area. Thus, it may be possible to reduce or
prevent a leakage current between the neighboring subpix-
els, to reduce or prevent a problem related to deterioration
of picture quality.

[0220] Also, according to an embodiment of the present
disclosure, a first distance between the first lower electrode
and the first upper electrode in the first subpixel, a second
distance between the second lower electrode and the second
upper electrode in the second subpixel, and a third distance
between the third lower electrode and the third upper
electrode in the third subpixel may be different so that it may
be possible to obtain a micro-cavity effect in each subpixel,
to improve light efficiency. For example, according to an
embodiment of the present disclosure, a first contact elec-
trode may be in the first subpixel, a second contact electrode
may be in the second subpixel, and a third contact electrode
may be in the third subpixel so that it may be possible to
simply adjust the first to third distances by the first to third
contact electrodes with ease.

[0221] FIGS. 20A to 20C illustrate examples of an elec-
troluminescent display device according to an embodiment
of the present disclosure, which relate with a head-mounted
display (HmD) device.

[0222] FIG. 20A is a schematic perspective view, FIG.
20B is a plane view of a virtual reality (VR) structure, and
FIG. 20C is a cross-sectional view of an augmented reality
(AR) structure. As shown in FIG. 20A, the head-mounted
display (HMD) device according to an embodiment of the
present disclosure may include a receiving case 10 and a
head-mounted band 30.

[0223] A display device, a lens array, and an ocular
eyepiece may be received (e.g., may be accommodated) in
the inside of the receiving case 10. The head-mounted band
30 may be fixed to the receiving case 10. In the drawings, the
head-mounted band 30 is illustrated as being configured to
surround an upper surface and both lateral surfaces in a
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user’s head, but embodiments are not limited to this struc-
ture. For example, the head-mounted band may be provided
to fix the head-mounted display (HmD) device to a user’s
head, which may be substituted, e.g., by an eyeglass-frame
shape or a helmet-shaped structure.

[0224] As shown in FIG. 20B, the head-mounted display
(HMD) device of the virtual reality (VR) structure according
to an embodiment of the present disclosure may include a
left-eye display device 12, a right-eye display device 11, a
lens array 13, a left-eye ocular eyepiece 20a, and a right-eye
ocular eyepiece 20b. The left-eye display device 12, the
right-eye display device 11, the lens array 13, and the
left-eye ocular eyepiece 20qa, and the right-eye ocular eye-
piece 205 may be received in the receiving case 10.
[0225] The same image may be displayed on the left-eye
display device 12 and the right-eye display device 11. For
example, a user can watch a two-dimensional (2D) image. If
an image for a left eye were displayed on the left-eye display
device 12, and an image for a right eye were displayed on
the right-eye display device 11, a user can watch a three-
dimensional (3D) image. Each of the left-eye display device
12 and the right-eye display device 11 may include the
display device shown in any of the examples of FIGS. 1 to
19. For example, an upper portion corresponding to a
surface for displaying an image in any of the examples of
FIGS. 1 t0 19, e.g., the color filter layer 910, 920, and 930,
may confront or face the lens array 13.

[0226] The lens array 13 may be between the left-eye
ocular eyepiece 20a and the left-eye display device 12, while
being spaced apart from each of the left-eye ocular eyepiece
20q and the left-eye display device 12. For example, the lens
array 13 may be positioned at the front of the left-eye ocular
eyepiece 20a and at the rear of the left-eye display device 12.
Also, the lens array 13 may be between the right-eye ocular
eyepiece 205 and the right-eye display device 11, while
being apart from each of the right-eye ocular eyepiece 205
and the right-eye display device 11. For example, the lens
array 13 may be positioned at the front of the right-eye
ocular eyepiece 205 and at the rear of the right-eye display
device 11.

[0227] The lens array 13 may be a micro lens array. The
lens array 13 may be substituted by a pin hole array. Due to
the lens array 13, an image displayed on the left-eye display
device 12 or the right-eye display device 11 may be
expanded and perceived by a user. A user’s left eye (LE) may
be positioned at the lefi-eye ocular eyepiece 20a, and a
user’s right eye (RE) may be positioned at the right-eye
ocular eyepiece 205.

[0228] As shown in FIG. 20C, the head-mounted display
(HMD) device of the augmented reality (AR) structure
according to an embodiment of the present disclosure may
include a left-eye display device 12, a lens array 13, a
left-eye ocular eyepiece 20q, a transmissive reflecting por-
tion 14, and a transmission window 15. For convenience of
explanation, FIG. 20C illustrates only the left-eye structure.
The right-eye structure may be substantially similar in
structure to the left-eye structure, as should be understood to
one of ordinary skill in the art.

[0229] The left-eye display device 12, the lens array 13,
the left-eye ocular eyepiece 20a, the transmissive reflecting
portion 14, and the transmission window 15 may be received
(e.g., may be accommodated) in the receiving case 10. The
left-eye display device 12 may be disposed at one side of the
transmissive reflecting portion 14, for example, an upper
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side of the transmissive reflecting portion 14, without cov-
ering the transmission window 15. Accordingly, an image
may be provided to the transmissive reflecting portion 14,
under the condition that an ambient background seen
through the transmission window 15 may not be covered by
the left-eye display device 12.

[0230] The left-eye display device 12 may include the
display device shown in any of the examples of FIGS. 1 to
19. For example, an upper portion corresponding to a
surface for displaying an image in any of the examples of
FIGS. 1 to 19, e.g., the color filter layer 910, 920, and 930,
may confront the transmissive reflecting portion 14.

[0231] The lens array 13 may be provided between the
left-eye ocular eyepiece 20a and the transmissive reflecting
portion 14. Auser’s left eye may be positioned at the left-eye
ocular eyepiece 20a.

[0232] The transmissive reflecting portion 14 may be
between the lens array 13 and the transmission window 15.
The transmissive reflecting portion 14 may include a reflec-
tion surface 14a, which may partially transmit some light,
and may also reflect the remaining light. The reflection
surface 14a may be configured to guide an image, which
may be displayed on the left-eye display device 12, toward
the lens array 13. Thus, a user can watch an image displayed
on the left-eye display device 12 together with the ambient
background through the transmission window 15. For
example, a user can watch one image obtained by a virtual
image overlaid with the ambient real background, e.g., to
realize an augmented reality (AR). The transmission win-
dow 15 may be disposed in front of the transmissive
reflecting portion 14.

[0233] It will be apparent to those skilled in the art that
various modifications and variations may be made in the
present disclosure without departing from the technical idea
or scope of the disclosure. Thus, it may be intended that
embodiments of the present disclosure cover the modifica-
tions and variations of the disclosure provided they come
within the scope of the appended claims and their equiva-
lents.

What is claimed is:

1. An electroluminescent display device, comprising:

a substrate comprising:

a first subpixel; and
a second subpixel;

arespective first electrode in each of the first subpixel and
the second subpixel on the substrate;

a trench in a boundary between the first subpixel and the
second subpixel on the substrate;

an emission layer on the first electrode, and in the first
subpixel, the second subpixel, and the boundary
between the first subpixel and the second subpixel, at
least some of the emission layer being noncontiguous
in the trench;

a pore below the emission layer inside the trench, an
upper end of the pore being relatively higher than at
least some of the emission layer; and

a second electrode on the emission layer.

2. The electroluminescent display device of claim 1,

wherein:

the emission layer comprises:

a first stack configured to emit first-colored light;
a second stack configured to emit second-colored light;
and
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a charge generation layer between the first stack and the
second stack;
the first stack and the charge generation layer are each
noncontiguous inside the trench; and
the upper end of the pore is relatively higher than the
charge generation layer.
3. The electroluminescent display device of claim 2,
wherein:
the second stack is connected between the first subpixel
and the second subpixel; and
a thickness of the second stack in an area of the trench in
which the charge generation layer is noncontagious is
relatively smaller than a thickness of the second stack
in an area that does not overlap the trench.
4. The electroluminescent display device of claim 2,
wherein:
the first stack comprises:
a first portion on one lateral surface inside the trench;
a second portion on another lateral surface inside the
trench; and
a third portion on an inner lower surface inside the
trench; and
the first portion of the first stack, the second portion of the
first stack, and the third portion of the first stack are
noncontiguous with one another.
5. The electroluminescent display device of claim 4,
wherein:
the charge generation layer comprises:
a first portion on the first portion of the first stack;
a second portion on the second portion of the second
stack; and
a third portion on the third portion of the first stack; and
the first portion of the charge generation layer, the second
portion of the charge generation layer, and the third
portion of the charge generation layer are noncontigu-
ous with one another.
6. The electroluminescent display device of claim 2,
wherein:
one of the first stack and the second stack comprises a
blue (B)-emitting layer; and
the other of the first stack and the second stack comprises:
a red emitting layer; and
a yellow-green or green emitting layer.
7. The electroluminescent display device of claim 1,
wherein:
adepth of'the trench is within a range 0f 0.2 um to 0.4 pum;
and
awidth of the trench is within a range of 0.1 pm to 0.2 um.
8. The electroluminescent display device of claim 1,
further comprising:
a bank surrounding the periphery of the first electrode;
and
an insulating layer below the bank,
wherein the bank is in contact with the trench, and
wherein the trench is in the bank and the insulating layer.
9. The electroluminescent display device of claim 1,
further comprising:
a bank surrounding the periphery of the first electrode;
and
an insulating layer below the bank,
wherein the bank is not in direct contact with the trench,
and
wherein the trench is in the insulating layer.
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10. The electroluminescent display device of claim 1,

wherein:

the trench has a shape corresponding to a shape of the first
subpixel and the second subpixel; and

the trench surrounds an entire periphery of the first
subpixel and the second subpixel.

11. The electroluminescent display device of claim 1,

wherein:

the first subpixel and the second subpixel are arranged
along a horizontal direction;

an arrangement structure, comprising the first subpixel
and the second subpixel arranged in the horizontal
direction, is repetitively provided to provide a plurality
of rows along a vertical direction crossing the horizon-
tal direction; and

the trench has a contiguous straight-line structure along
the vertical direction.

12. An electroluminescent display device, comprising:

a substrate comprising:

a first subpixel,
a second subpixel; and
a third subpixel;

a circuit device layer comprising a driving thin-film
transistor respectively in each of the first, second, and
third subpixels:

a respective first electrode in each of the first, second, and
third subpixels on the circuit device layer;

a trench in respective boundaries between each of the first
to third subpixels on the substrate;

an emission layer on the first electrode, and in the first to
third subpixels and the respective boundaries between
each of the first to third subpixels, at least some of the
emission layer being noncontiguous inside the trench;

a pore below the emission layer inside the trench, an
upper end of the pore being relatively higher than at
least some of the emission layer; and

a second electrode on the emission layer,

wherein the first electrode in the first subpixel comprises:
a first lower electrode; and
a first upper electrode,

wherein the first electrode in the second subpixel com-
prises:

a second lower electrode; and
a second upper electrode, and

wherein the first electrode in the third subpixel comprises:
a third lower electrode; and
a third upper electrode,

wherein a distance between the first lower electrode and
the first upper electrode, a distance between the second
lower electrode and the second upper electrode, and a
distance between the third lower electrode and the third
upper electrode are different from one another.

13. The electroluminescent display device of claim 12,

further comprising:

a first contact electrode between the first lower electrode
and the first upper electrode, the first contact electrode
being configured to electrically connect the first lower
electrode to the first upper electrode, the first contact
electrode comprising:

a first lower contact electrode; and
a first upper contact electrode,

wherein the first lower contact electrode is between the

first lower electrode and the first upper contact elec-
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trode, the first lower contact being configured to elec-
trically connect the first lower electrode to the first
upper contact electrode,

wherein the first upper contact electrode is between the
first lower contact electrode and the first upper elec-
trode, the first upper contact electrode being configured
to electrically connect the first lower contact electrode
to the first upper electrode, and

wherein the first lower electrode is electrically connected
to the driving thin-film transistor of the first subpixel
through a contact hole in the circuit device layer.

14. The electroluminescent display device of claim 12,

wherein:

the second lower electrode is electrically connected to the
second upper electrode and the driving thin-film tran-
sistor of the second subpixel through a second contact
electrode;

the second contact electrode comprises:

a second lower contact electrode; and
a second upper contact electrode;

the second lower contact electrode is between the second
lower electrode and the driving thin-film transistor of
the second subpixel, the second lower contact electrode
being configured to electrically connect the second
lower electrode to the driving thin-film transistor of the
second subpixel; and

the second upper contact electrode is between the second
lower electrode and the second upper electrode, the
second upper contact electrode being configured to
electrically connect the second lower electrode to the
second upper electrode.

15. The electroluminescent display device of claim 12,

further comprising:

a first contact electrode between the first lower electrode
and the first upper electrode, the first lower electrode
being electrically connected to the first upper electrode
through the first contact electrode, the first contact
electrode comprising a single contact layer,

wherein the first lower electrode is electrically connected
to the driving thin-film transistor of the first subpixel
through a contact hole in the circuit device layer, and

wherein first and second insulating layers are between the
first lower electrode and the first contact electrode.

16. The electroluminescent display device of claim 12,

further comprising:

a second contact electrode between the second upper
electrode and the driving thin-film transistor of the
second subpixel, the second upper electrode being
electrically connected to the driving thin-film transistor
of the second subpixel through the second contact
electrode,

wherein the second contact electrode comprises:

a second lower contact electrode; and
a second upper contact electrode,

wherein the second lower contact electrode is between the

second upper contact electrode and the driving thin-
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film transistor of the second subpixel, the second lower
contact electrode being configured to electrically con-
nect the second upper contact electrode to the driving
thin-film transistor of the second subpixel,
wherein the second upper contact electrode is between the
second lower contact electrode and the second upper
electrode, the second upper contact electrode being
configured to electrically connect the second lower
contact electrode to the second upper electrode, and

wherein first and second insulating layers are between the
second lower contact electrode and the second upper
contact electrode.

17. The electroluminescent display device of claim 16,
wherein the second lower electrode is not electrically con-
nected to the second upper electrode and the second contact
electrode.

18. The electroluminescent display device of claim 16,
wherein the second lower electrode is directly connected to
a lateral surface of the second upper contact electrode.

19. The electroluminescent display device of claim 12,
wherein:

a number of insulating layers between the second lower

electrode and the second upper electrode is smaller than
a number of insulating layers between the first lower
electrode and the first upper electrode; and

the number of insulating layers between the second lower

electrode and the second upper electrode is larger than
a number of insulating layers between the third lower
electrode and the third upper electrode.

20. The electroluminescent display device of claim 12,
wherein:

the first lower electrode and the first upper electrode are

electrically connected to each other through a plurality
of contact holes; and

at least one of the plurality of contact holes does not

overlap the other contact holes.

21. The electroluminescent display device of claim 12,
wherein:

the first subpixel comprises:

a first emission area; and
a first contact area;

two sides of the first contact area face the first emission

area; and

the first emission area comprises:

a first portion having a first width that is relatively
wide; and

a second portion having a second width that is rela-
tively narrow.

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

a lens array spaced apart from the substrate; and

a receiving case configured to accommodate the substrate

and the lens array therein.

I S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

BRAXERRE
US20200044177A1 NI (»&E)B
US16/519403 RiEHR
REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

patsnap

2020-02-06

2019-07-23

[FR1K B A KIM HO JIN
BAIK SEUNGMIN
PARK JIYEON
LEE SUL
REA KIM, HO-JIN
BAIK, SEUNGMIN
PARK, JIYEON
LEE, SUL
JANG, SUKHYEUN
IPCH%E HO1L51/50 HO1L27/32
CPCH#%E HO1L27/322 HO1L51/5044 HO1L27/3246 HO1L27/3248 H01L27/3206 H01L2251/558 H01L27/3244
HO01L27/3209 H01L27/3258 HO1L51/504 HO1L51/5218 HO1L51/5265 H01L51/5278 HO1L25/0753
HO1L27/15 HO1L33/08
£ £ 1020180089407 2018-07-31 KR
1020190084048 2019-07-11 KR
SAEBEE Espacenet USPTO
FEOX) Pl P2 P3
—MEBEHEANXEREE B BRAKXETREE , 2F  HEifk , H3 r/
EE—TBRENE-FEGE ; IRERLEWFTRE —FEENFTIRE 1800
SIRENE NP ENE B EFRE—FERENFRE= g{
FEEZHAWLRTHAE, BRENE-FTRENE-THE , 5 EMLOYS) 730
BRENASEURE—FBEFNE_FREURE—FHBENEZ EML(R)
FHRECHNDLR K EL—LERGETEL EHET  EABNN RS HTL 700
RTHALN  BAS LRENETES —LRNR  HBERNE LA Lo s g 720
F-Bl. EML(B) | [ EML(B) | [ EMLB) ||,
HTL HTL HTL
HIL HIL HIL
310 320 330

ﬁ

2


https://share-analytics.zhihuiya.com/view/7b294e58-0801-4993-b364-8d7446a68dc2
https://worldwide.espacenet.com/patent/search/family/067990547/publication/US2020044177A1?q=US2020044177A1
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=%2220200044177%22.PGNR.&OS=DN/20200044177&RS=DN/20200044177

