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(57) ABSTRACT

An electroluminescent display device according to an exem-
plary aspect of the present disclosure includes a substrate
including an active area and a non-active area outside the
active area, a planarization layer over the substrate and
extending from the active area to the non-active area, a bank
on a planarization layer extending to the non-active area, an
organic layer on the bank, a cathode on the organic layer, a
capping layer over the cathode, a trench pattern configured
in the non-active area, from which the capping layer, the
cathode, and the organic layer are removed and a step
alleviation layer filling the trench pattern and planarizing an
upper portion of the trench pattern, the capping layer adja-
cent to the trench pattern may be recessed inwardly com-
pared to the cathode, so that a bezel width is reduced, and the
same time, reliability of moisture permeation prevention
performance may be improved.
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ELECTROLUMINESCENT DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of and priority
to Korean Patent Application No. 10-2022-0116389 filed on
Sep. 15, 2022, in the Republic of Korea, the entire contents
of' which are hereby expressly incorporated by reference into
the present application.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to an electrolumi-
nescent display device, and more particularly, to an elec-
troluminescent display device having a narrow bezel.

Description of the Background

[0003] As we move toward an information-oriented soci-
ety, the field of display devices for visually expressing
electrical information has rapidly advanced. Various display
devices having improved performance in terms of thinness,
lightness, and low power consumption, are being developed
correspondingly.

[0004] Representative display devices include a liquid
crystal display device (LCD), an electro-wetting display
device (EWD), and an organic light emitting display device
(OLED).

[0005] Among the display devices, electroluminescent
display devices, including organic light emitting display
devices, are self-luminous display devices and may be
manufactured to be light and thin since such display devices
do not require a separate light source, unlike liquid crystal
display devices having a separate light source. In addition,
electroluminescent display devices have advantages in terms
of power consumption due to a low voltage driving, and
have improved color implementation, response speed, view-
ing angle, and contrast ratio (CR). Therefore, electrolumi-
nescent display devices are being used in various applica-
tions.

SUMMARY

[0006] In current electroluminescent display devices, a
minimum bezel distance is required to secure reliability such
as moisture permeation prevention or the like, which may be
referred to as a reliable bezel. The reliable bezel may be
defined as being from an end portion of an upper substrate
(an encapsulation substrate) to an end portion of a cathode.
[0007] Meanwhile, in response to demand for slimming of
a display device, demand for slimming of a non-active area
of the display device except for an active area in which an
image is displayed is also increasing. However, there is a
limit in securing a reliable bezel as a cathode needs to be
formed to cover an organic layer to prevent defects in mass
production due to exposure of the organic layer. That is,
when the organic layer and the cathode are formed by
deposition, a shadow area of a certain length is generated
depending on a gap between a deposition mask and a
substrate and a deposition method, thereby limiting a reduc-
tion of a bezel. In addition, a position and length of the
shadow area are non-uniform due to process deviation, and
non-uniform quality is caused due to a difference in reliable
bezel for each product.
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[0008] Accordingly, an object to be achieved by the exem-
plary aspect of the present disclosure is to provide an
electroluminescent display device capable of having a bezel
width by disposing a trench pattern in a shadow area and
converting the shadow area into a reliable bezel area.
[0009] Another object to be achieved by the exemplary
aspect of the present disclosure is to provide an electrolu-
minescent display device having improved reliability by
reducing lifting of a cathode adjacent to a trench pattern.
[0010] Still another object to be achieved by the exem-
plary aspect of the present disclosure is to provide an
electroluminescent display device in which rigidity of a
display panel is increased and a heat dissipation effect is
improved.

[0011] Objects of the present disclosure are not limited to
the above-mentioned objects, and other objects, which are
not mentioned above, may be clearly understood by those
skilled in the art from the following descriptions.

[0012] Inone aspect, an electroluminescent display device
includes a substrate including an active area and a non-
active area outside the active area; a planarization layer over
the substrate and extending from the active area to the
non-active area; and a bank on the planarization layer
extending to the non-active area. The electroluminescent
display device further includes an organic layer on the bank;
a cathode on the organic layer; a capping layer over the
cathode; a trench pattern configured in the non-active area,
from which the capping layer, the cathode, and the organic
layer are removed; and a step alleviation layer filling the
trench pattern and planarizing an upper portion of the trench
pattern, wherein the capping layer adjacent to the trench
pattern is recessed inwardly compared to the cathode.
[0013] In another aspect, the step alleviation layer is
implemented as a film.

[0014] In another aspect, the step alleviation layer
includes getters.

[0015] In another aspect, the cathode disposed outside the
trench pattern covers a side surface of the organic layer.
[0016] In another aspect, the electroluminescent display
device further includes an inorganic layer on the step alle-
viation layer.

[0017] In another aspect, the step alleviation layer is
disposed in contact with a portion of an upper surface of the
capping layer disposed outside the trench pattern.

[0018] In another aspect, the inorganic layer is disposed in
contact with an upper surface and a side surface of the step
alleviation layer, a portion of the upper surface of the
capping layer, and a portion of an upper surface of the bank.
[0019] In another aspect, the inorganic layer is disposed in
contact with a portion of an upper surface and a side surface
of the bank and a portion of an upper surface of the
planarization layer.

[0020] In another aspect, the step alleviation layer covers
the capping layer and the cathode disposed outside the
trench pattern, and is disposed in contact with a portion of
an upper surface of the bank extending outwardly of the
capping layer and the cathode.

[0021] In another aspect, the inorganic layer is disposed in
contact with an upper surface and a side surface of the step
alleviation layer and another portion of the upper surface of
the bank.

[0022] In another aspect, the step alleviation layer covers
the capping layer, the cathode, and the bank disposed outside
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the trench pattern, while contacting a portion of an upper
surface of the planarization layer extending outwardly of the
bank.

[0023] Inanother aspect, the inorganic layer is disposed in
contact with an upper surface and a side surface of the step
alleviation layer and another portion of the upper surface of
the planarization layer.

[0024] In another aspect, the inorganic layer extends to the
non-active area to expose a side surface thereof.

[0025] In another aspect, an end portion of the cathode
disposed adjacent to the trench pattern has a shape that is
lifted or rolled upward.

[0026] In another aspect, the end portion of the cathode is
spaced apart from the organic layer.

[0027] In another aspect, the step alleviation layer fills a
separation space between the cathode and the organic layer.
[0028] In another aspect, the electroluminescent display
device further includes reinforcement substrate and a sealing
member having a multilayer structure, disposed on the
inorganic layer.

[0029] In another aspect, the sealing member includes a
first adhesive layer on the step alleviation layer and facing
the substrate; a second adhesive layer facing the reinforce-
ment substrate; and a barrier layer between the first adhesive
layer and the second adhesive layer.

[0030] In another aspect, the inorganic layer extends to
ends of the sealing member and the reinforcement substrate.
[0031] In another aspect, a side surface of the inorganic
layer is exposed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0033] FIG. 1 is a plan view schematically illustrating an
electroluminescent display device according to some aspects
of the present disclosure.

[0034] FIG. 2 is a cross-sectional view showing a sub-
pixel of the electroluminescent display according to some
aspects of the present disclosure.

[0035] FIG. 3 is a cross-sectional view taken along I-I' of
FIG. 1 according to some aspects of the present disclosure.
[0036] FIGS. 4Ato 4C are focused ion beam (FIB) images
of'area A of FIG. 3 according to some aspects of the present
disclosure.

[0037] FIGS. 5A to 5C are FIB images of area A of FIG.
3 when viewed from above according to some aspects of the
present disclosure.

[0038] FIG. 6 is a graph showing transmittance according
to wavelengths for a capping layer, an organic layer, a
cathode, and a triple layer according to some aspects of the
present disclosure.

[0039] FIG. 7 is a table showing transmittance according
to laser wavelengths for the capping layer, the organic layer,
the cathode, and the triple layer according to some aspects
of the present disclosure.

[0040] FIG. 8 is a cross-sectional view showing a display
panel according to some aspects of the present disclosure.
[0041] FIG. 9 is a cross-sectional view showing a display
panel according to some aspects of the present disclosure.
[0042] FIG. 10 is a cross-sectional view showing a display
panel according to some aspects of the present disclosure.
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[0043] FIG. 11 is a cross-sectional view showing a display
panel according to some aspects of the present disclosure.

DETAILED DESCRIPTION

[0044] Advantages and characteristics of the present dis-
closure and a method of achieving the advantages and
characteristics will be clear by referring to exemplary
embodiments described below in detail together with the
accompanying drawings.

[0045] Various examples of the present disclosure are
discussed in detail below. While specific implementations
are discussed, it should be understood that this is done for
illustration purposes only. A person skilled in the relevant art
will recognize that other components and configurations
may be used without parting from the spirit and scope of the
disclosure. Thus, the following description and drawings are
illustrative and are not to be construed as limiting. Numer-
ous specific details are described to provide a thorough
understanding of the disclosure. However, in certain
instances, well-known or conventional details are not
described in order to avoid obscuring the description. Ref-
erences to one or an embodiment in the present disclosure
can be references to the same embodiment or any embodi-
ment; and, such references mean at least one of the embodi-
ments

[0046] The shapes, sizes, ratios, angles, numbers, and the
like illustrated in the accompanying drawings for describing
the exemplary embodiments of the present disclosure are
merely examples, and the present disclosure is not limited
thereto. Like reference numerals generally denote like ele-
ments throughout the specification. Further, in the following
description of the present disclosure, a detailed explanation
of known related technologies may be omitted to avoid
unnecessarily obscuring the subject matter of the present
disclosure. The terms such as “including,” “having,” and
“consist of” used herein are generally intended to allow
other components to be added unless the terms are used with
the term “only”. Any references to singular may include
plural unless expressly stated otherwise.

[0047] Components are interpreted to include an ordinary
error range even if not expressly stated.

[0048] When the position relation between two parts is
described using the terms such as “on”, “above”, “below”,
and “next”, one or more parts may be positioned between the
two parts unless the terms are used with the term “imme-
diately” or “directly”.

[0049] When an element or layer is disposed “on” another
element or layer, another layer or another element may be
interposed directly on the other element or therebetween.
[0050] Although the terms “first”, “second”, and the like
are used for describing various components, these compo-
nents are not confined by these terms. These terms are
merely used for distinguishing one component from the
other components. Therefore, a first component to be men-
tioned below may be a second component in a technical
concept of the present disclosure.

[0051] Like reference numerals generally denote like ele-
ments throughout the specification.

[0052] A size and a thickness of each component illus-
trated in the drawing are illustrated for convenience of
description, and the present disclosure is not limited to the
size and the thickness of the component illustrated.

[0053] The features of various embodiments of the present
disclosure may be partially or entirely adhered to or com-
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bined with each other and may be interlocked and operated
in technically various ways, and the embodiments may be
carried out independently of or in association with each
other.

[0054] Hereinafter, an electroluminescent display device
according to exemplary embodiments of the present disclo-
sure will be described in detail with reference to accompa-
nying drawings.

[0055] FIG. 1 is a plan view schematically illustrating an
electroluminescent display device according to some aspects
of the present disclosure.

[0056] Referring to FIG. 1, the electroluminescent display
device may include a display panel 100, flexible films 160,
a printed circuit board 170, and trench patterns 180.
[0057] The display panel 100 can be a panel for displaying
an image to a user.

[0058] The display panel 100 may include display ele-
ments for displaying an image, driving elements for driving
the display elements, and lines for transmitting various
signals to the display elements and the driving elements. The
display elements may be defined differently depending on a
type of the display panel 100. For example, when the display
panel 100 is an organic light emitting display panel, the
display element is an organic light emitting element includ-
ing an anode, an organic light emitting layer, and a cathode.
For example, when the display panel 100 is a liquid crystal
display panel, the display element may be a liquid crystal
display element.

[0059] Hereinafter, an organic light emitting display panel
is described as an example of the display panel 100. How-
ever, but the display panel 100 is not limited to the organic
light emitting display panel described herein.

[0060] The display panel 100 may include an active area
AA and a non-active area NA.

[0061] The active area AA is an area in which an image is
displayed on the display panel 100.

[0062] A plurality of sub-pixels constituting a plurality of
pixels and a circuit for driving the plurality of sub-pixels
may be disposed in the active area AA. The plurality of
sub-pixels are minimum units constituting the active area
AA, and the display element may be disposed in each of the
plurality of sub-pixels, and the plurality of sub-pixels may
constitute the pixel. For example, an organic light emitting
element including an anode, an organic light emitting layer,
and a cathode may be disposed in each of the plurality of
sub-pixels, but is not limited thereto. In addition, the circuit
for driving the plurality of sub-pixels may include a driving
element, lines and the like. For example, the circuit may be
formed of a thin film transistor, a storage capacitor, a gate
line, a data line, and the like, but is not limited thereto.
[0063] The non-active area NA is an area in which an
image is not displayed.

[0064] FIG. 1 illustrates that the non-active area NA
surrounds the active area AA having a quadrangular shape,
but shapes and arrangements of the active area AA and the
non-active area NA are limited to the example illustrated in
FIG. 1.

[0065] In other words, shapes of the active area AA and
the non-active area NA may be suitable for a design of an
electronic device on which the electroluminescent display
device is mounted. For example, other exemplary shapes of
the active area AA may be a pentagon, a hexagon, a circle,
an oval, and the like.
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[0066] Various lines and circuits for driving organic light
emitting elements of the active area AA may be disposed in
the non-active area NA. For example, in the non-active area
NA, link lines for transmitting signals to the plurality of
sub-pixels and circuits of the active area AA or driver ICs
such as a gate driver IC and a data driver IC may be
disposed, but are not limited thereto.

[0067] The electroluminescent display device may include
various additional elements for generating various signals or
driving pixels in the active area AA. The additional elements
for driving the pixels may include an inverter circuit, a
multiplexer, an electro-static discharge (ESD) circuit, and
the like. The electroluminescent display device may also
include additional elements associated with functions other
than driving pixels. For example, the electroluminescent
display device may include additional elements that provide
atouch sensing function, a user authentication function (e.g.,
fingerprint recognition), a multi-level pressure sensing func-
tion, a tactile feedback function, and the like. Such addi-
tional elements may be located in the non-active area NA
and/or in an external circuit connected to a connection
interface.

[0068] The flexible film 160 is a film in which various
components are disposed on a flexible base film. Specifi-
cally, the flexible films 160 are films for supplying signals to
the plurality of sub-pixels and circuits of the active area AA,
and may be electrically connected to the display panel 100.
The flexible films 160 may be disposed at one end portion
of the non-active area NA of the display panel 100 and
supply a power voltage, a data voltage and the like to the
plurality of sub-pixels and circuits of the active area AA.
Meanwhile, the number of flexible films 160 may be
changed according to design parameters, and is not limited
to examples described herein.

[0069] Meanwhile, a driver IC such as a data driver IC
may be disposed on the flexible films 160. The driver IC is
a component that processes a data signal for displaying an
image and a driving signal for processing it. The driver IC
may be disposed in a manner such as a chip-on-glass (COG),
chip-on-film (COF), or tape carrier package (TCP) accord-
ing to a mounting method.

[0070] The printed circuit board 170 may be disposed at
one ends of the flexible films 160 and connected to the
flexible films 160. The printed circuit board 170 is a com-
ponent that supplies signals to the driver IC. The printed
circuit board 170 may supply various signals such as a
driving signal and a data signal to the driver IC. For
example, a data driver generating data signals may be
mounted on the printed circuit board 170, and the generated
data signals may be supplied to the plurality of sub-pixels
and circuits of the display panel 100 through the flexible
films 160. The number of printed circuit boards 170 may be
changed according to design parameters, and is not limited
to examples described herein.

[0071] Meanwhile, the electroluminescent display device
requires a minimum bezel distance to secure reliability such
as moisture permeation prevention or the like, and demand
for slimming of the non-active area NA except for the active
area AA where an image is displayed, is also increasing in
accordance with demand for slimming of display devices.
However, when a cathode and an organic layer are depos-
ited, a shadow area is generated due to a gap between a mask
and the substrate, so there is a limit to reducing a bezel.
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[0072] Accordingly, first exemplary aspect of the present
disclosure is characterized in that the trench pattern 180 in
which a portion of the organic layer and the cathode is
removed is disposed in the shadow area in the non-active
area NA. That is, in the first exemplary aspect of the present
disclosure, a rate of moisture penetration into a side surface
of the display panel 100 may be delayed through the trench
pattern 180. In addition, a bezel width may be reduced by
converting the existing shadow area into a reliable bezel area
L.

[0073] In this case, the trench patterns 180 may be formed
over three sides of the non-active areas NA except for one
side of the display panel 100 where the flexible films 160 are
disposed, but the present disclosure is not limited thereto.
That is, as shown in FIG. 1, the trench patterns 180 may be
disposed across three sides including left and right sides and
an upper side of the display panel 100 where the flexible
films 160 are not disposed among four sides of the display
panel 100. However, the present disclosure is not limited
thereto. Based on FIG. 1, the trench patterns 180 may not be
formed in a lower side of the display panel 100 because there
is a risk of damage due to laser irradiation due to arrange-
ment of driver ICs and application of voltage, but the present
disclosure is not limited thereto.

[0074] The trench patterns 180 may be formed by remov-
ing the cathode and the organic layer in the shadow area
outside the active area AA through laser ablation, for
example. Accordingly, a reliable bezel area . may be
expanded, and a bezel width may be reduced by the amount
equal to a length of the expanded reliable bezel area L.
[0075] A more detailed description of the trench patterns
180 will be described in detail with reference to FIGS. 2 and
3.

[0076] FIG. 2 is a cross-sectional view showing a sub-
pixel of the electroluminescent display according to some
aspects of the present disclosure.

[0077] FIG. 3 is a cross-sectional view taken along I-I' of
FIG. 1 according to some aspects of the present disclosure.
[0078] FIG. 2 is a cross-sectional view of one sub-pixel in
the display panel 100 according to some aspects of the
present disclosure. FIG. 3 illustrates a cross-section of the
left side of the display panel 100 in which the trench pattern
180 is formed as an example. FIG. 3 schematically illus-
trates a pixel unit 115 in the active area AA and a GIP unit
125 in the non-active area NA for convenience of descrip-
tion.

[0079] Referring to FIGS. 2 and 3, in the display panel 100
according to the first exemplary aspect of the present dis-
closure, a driving element 110 may be disposed on a
substrate 101.

[0080] In addition, a planarization layer 105 may be
disposed on the driving element 110.

[0081] In addition, an organic light emitting element 150
that is electrically connected to the driving element 110 is
disposed on the planarization layer 105, and a capping layer
120, a step alleviation layer 190, and an inorganic layer 186
may be disposed on the organic light emitting element 150
to minimize penetration of oxygen and moisture into the
organic light emitting element 150.

[0082] A sealing member 130 and a reinforcement sub-
strate 140 may be sequentially disposed on the inorganic
layer 186, but are not limited thereto, and an encapsulation
substrate may be disposed on the inorganic layer 186 with an
adhesive layer interposed therebetween.
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[0083] However, the display panel 100 according to the
first exemplary aspect of the present disclosure is not limited
to such a laminated structure.

[0084] Specifically, the substrate 101 may be a glass or
plastic substrate. When the substrate 101 is a plastic sub-
strate, a polyimide-based or polycarbonate-based material
may be used to have flexibility. In particular, polyimide may
be applied to a high-temperature process and is widely used
as a plastic substrate because it is a material that may be
coated.

[0085] A buffer layer 102 may be disposed on the substrate
101.
[0086] The buffer layer 102 is a layer for protecting

various electrodes and lines from impurities such as alkali
ions flowing out from the substrate 101 or lower layers
thereof, and may have a multilayer structure formed of a first
buffer layer 102a¢ and a second buffer layer 10254, but the
present disclosure is not limited thereto. The buffer layer 102
may be formed of silicon oxide (SiOx) or silicon nitride
(SiNx) or multiple layers thereof.

[0087] In addition, the buffer layer 102 may delay diffu-
sion of moisture and/or oxygen penetrating into the substrate
101. The buffer layer 102 may include a multi-buffer and/or
an active buffer. The active buffer protects an active layer
111 configured as a semiconductor of the driving element
110 and may perform a function of blocking various kinds
of impurities introduced from the substrate 101. The active
buffer may be formed of amorphous silicon (a-Si) or the like.
[0088] The driving element 110 may be formed of the
active layer 111, a gate electrode 113, and a source electrode
and a drain electrode 112, and may be electrically connected
to the organic light emitting element 150 through a connec-
tion electrode 114 to transmit a current or signals to the
organic light emitting element 150.

[0089] The active layer 111 may be disposed on the buffer
layer 102. The active layer 111 may be formed of polysilicon
(p-Si), and in this case, a predetermined region thereof may
be doped with impurities. In addition, the active layer 111
may be formed of amorphous silicon (a-Si) or may be
formed of various organic semiconductor materials such as
pentacene and the like. Also, the active layer 111 may be
formed of an oxide semiconductor.

[0090] A gate insulating layer 103 may be disposed on the
active layer 111.

[0091] The gate insulating layer 103 may be formed of an
inorganic insulating material such as silicon oxide (SiOx) or
silicon nitride (SiNx), or may be formed of an organic
insulating material or the like.

[0092] The gate electrode 113 may be disposed on the gate
insulating layer 103.

[0093] The gate electrode 113 may be formed of various
conductive materials such as nickel (Ni), chromium (Cr),
magnesium (Mg), aluminum (Al), molybdenum (Mo), tung-
sten (W), gold (Au), or alloys of them.

[0094] An interlayer insulating layer 104 may be disposed
on the gate electrode 113.

[0095] The interlayer insulating layer 104 may be formed
of an insulating material such as silicon oxide (SiOx) or
silicon nitride (SiNx) and may also be formed of an organic
insulating material or the like.

[0096] Contact holes exposing a source area and a drain
region of the active layer 111 may be formed by selectively
removing the gate insulating layer 103 and the interlayer
insulating layer 104. The source electrode and the drain



US 2024/0099102 Al

electrode 112 may be formed of an electrode material on the
interlayer insulating layer 104, in a single-layer or multi-
layer structure.

[0097] In some examples, an additional passivation layer
formed of an inorganic insulating material may be formed to
cover the source electrode and the drain electrode 112.
[0098] The planarization layer 105 may be disposed on the
driving element 110 described above.

[0099] The planarization layer 105 may have a multilayer
structure including at least two layers, and may include, for
example, a first planarization layer 105¢ and a second
planarization layer 1055. The first planarization layer 105a
may be disposed to cover the driving element 110, and may
be disposed such that portions of the source electrode and
the drain electrode 112 of the driving element 110 are
exposed.

[0100] The planarization layer 105 may extend to the
non-active area NA to cover the GIP unit 125.

[0101] The planarization layer 105 may have a thickness
of about 2 pum, but is not limited thereto.

[0102] The planarization layer 105 may be an overcoat
layer, but is not limited thereto.

[0103] Meanwhile, the connection electrode 114 for elec-
trically connecting the driving element 110 and the organic
light emitting element 150 may be disposed on the first
planarization layer 105a. In addition, although not shown in
FIG. 2, various metal layers serving as lines/electrodes such
as data lines or signal lines may be disposed on the first
planarization layer 105a.

[0104] In addition, the second planarization layer 1055
may be disposed on the first planarization layer 105a and the
connection electrode 114.

[0105] The planarization layer 105 is formed of two layers
in the display panel 100 according to the first exemplary
aspect of the present disclosure. It is because various signal
lines increase as the display panel 100 has a higher resolu-
tion. Since it is difficult to arrange all lines on one layer
while securing a minimum distance between the lines, an
additional layer is created. Due to the addition of an addi-
tional layer, that is, the second planarization layer 1055, a
margin is created in arrangement of the lines, and arrange-
ment design of lines/electrodes may be facilitated. In addi-
tion, when a dielectric material is used as the planarization
layer 105 formed of multiple layers, the planarization layer
105 may also be used for forming capacitance between
metal layers.

[0106] The second planarization layer 1056 may be
formed such that a portion of the connection electrode 114
is exposed, and the drain electrode 112 of the driving
element 110 and an anode 151 of the organic light emitting
element 150 may be electrically connected by the connec-
tion electrode 114.

[0107] The organic light emitting elements 150 may be
configured by sequentially disposing the anode 151, a plu-
rality of organic layers 152, and a cathode 153. That is, the
organic light emitting element 150 may include the anode
151 formed on the planarization layer 105, the organic layer
152 formed on the anode 151, and the cathode 153 formed
on the organic layer 152.

[0108] The electroluminescent display device may be
implemented in a top emission method or bottom emission
method. In the case of the top emission method, a reflective
layer formed of an opaque conductive material with high
reflectivity, for example, silver (Ag), aluminum (Al), gold
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(Au), molybdenum (Mo), tungsten (W), chromium (Cr), or
an alloy thereof, may be added under the anode 151 so that
light emitted from the organic layer 152 is reflected by the
anode 151 and is directed upwardly, that is, in a direction of
the cathode 153 disposed thereover. Conversely, in the case
of the bottom emission method, the anode 151 may be
formed of only a transparent conductive material such as
indium tin oxide (ITO), indium zinc oxide (IZO), or indium
gallium zinc oxide (IGZO). Hereinafter, it is described
assuming that the electroluminescent display device of the
present disclosure is in the bottom emission method.
[0109] A bank 106 may be formed in an area other than a
light emitting area on the planarization layer 105. That is, the
bank 106 has a bank hole that exposes the anode 151
corresponding to the light emitting area. The bank 106 may
be formed of an inorganic insulating material such as silicon
nitride (SiNx) or silicon oxide (SiOx), or an organic insu-
lating material such as BCB, acrylic resin, or imide resin.
[0110] The bank 106 may extend to the non-active area
NA.

[0111] That is, the bank 106 may extend to a portion of the
non-active area NA to be spaced apart from an end portion
of the substrate 101 by a predetermined distance.

[0112] The bank 106 may have a thickness of about 1 pm,
but is not limited thereto.

[0113] The bank 106 may cover an upper portion of the
GIP unit 125, but is not limited thereto.

[0114] The organic layer 152 may be disposed on the
anode 151 that is exposed by the bank 106. The organic layer
152 may include the light emitting layer, an electron injec-
tion layer, an electron transport layer, a hole transport layer,
a hole injection layer, and the like.

[0115] The organic layer 152 may extend to the non-active
area NA.
[0116] The organic layer 152 may extend to a portion of

the non-active area NA to be spaced apart from the end
portion of the substrate 101 by a predetermined distance.
[0117] In the non-active area NA, the organic layer 152
may be disposed on the bank 106.

[0118] The cathode 153 may be disposed on the organic
layer 152.
[0119] In the case of the top emission method, the cathode

153 may include a transparent conductive material. For
example, the cathode 153 may be formed of indium tin oxide
(ITO), indium zinc oxide (IZO), indium gallium zinc oxide
(IGZO), or the like. In the case of the bottom emission
method, the cathode 153 may include any one of metallic
materials such as gold (Au), silver (Ag), aluminum (Al),
molybdenum (Mo), magnesium (Mg), palladium (Pd), cop-
per (Cu) or the like, or groups consisting of alloys thereof.
Alternatively, the cathode 153 may be configured by stack-
ing a layer formed of a transparent conductive material such
as indium tin oxide (ITO), indium zinc oxide (IZO) or
indium gallium zinc oxide (IGZO), and a layer formed of a
metallic material such as gold (Auw), silver (Ag), aluminum
(Al), molybdenum (Mo), magnesium (Mg), palladium (Pd),
copper (Cu) or the like, or alloys thereof, but is not limited
thereto.
[0120]
NA.
[0121] The cathode 153 may be spaced apart from an end
portion of the bank 106 by a predetermined distance and
come into contact with a portion of the upper surface of the
bank 106.

The cathode 153 may extend to the non-active area
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[0122] The cathode 153 may be disposed to cover a side
surface of the organic layer 152 in the non-active area NA.
The organic layer 152 may be spaced apart from an end
portion of the cathode 153 by a predetermined distance, but
is not limited thereto.

[0123] The capping layer 120 formed of a material having
a high refractive index and high light absorption may be
disposed on the organic light emitting element 150 to reduce
diffused reflection of external light.

[0124] The capping layer 120 may be an organic layer
formed of an organic material, and may be omitted if
necessary.

[0125] The capping layer 120 may extend to the non-
active area NA. In the non-active area NA, the capping layer
120 may be disposed on the cathode 153.

[0126] Meanwhile, the display panel 100 according to the
first exemplary aspect of the present disclosure is charac-
terized in that the trench pattern 180 is formed by selectively
removing portions of the capping layer 120, the cathode 153,
and the organic layer 152 in the non-active area NA. The
trench pattern 180 may be disposed in a shadow area
between end portions of the cathodes 153 in the non-active
area NA outside the active area AA.

[0127] In addition, the display panel 100 according to the
first exemplary aspect of the present disclosure is charac-
terized in that the capping layer 120 adjacent to the trench
pattern 180 is inwardly recessed (or retracted) more than the
cathode 153. Here, the term ‘inwardly’ means an inward
direction toward a central portion of the capping layer 120
and the cathode 153, and may mean that the capping layer
120 is removed to be recessed from the end portion of the
cathode 153.

[0128] That is, the trench pattern 180 may be formed by,
for example, removing the capping layer 120, the cathode
153, and the organic layer 152 of the shadow area outside the
active area AA through laser ablation. In this case, as the
capping layer 120 melts faster than the cathode 153, the
capping layer 120 may be removed to be recessed inwardly
more than the cathode 153. Meanwhile, in the case of the
planarization layer 105 and the bank 106, they may be
removed through a photo-process, and through this, the
trench pattern 180 may extend downward, but is not limited
thereto.

[0129] The trench pattern 180 may be formed to have a
width of about 70 um when a width of laser beam is 50 um,
but is not limited thereto. This takes into account a width (up
to 20 um) of an area affected by laser heat.

[0130] A portion of the cathode 153 adjacent to the trench
pattern 180 may be spaced apart from the organic layer 152.
A more detailed description of shapes of the capping layer
120, the cathode 153, and the organic layer 152 after laser
irradiation will be described later with reference to FIGS. 4A
to 4C and FIG. 5A to 5C.

[0131] In the case of the first exemplary aspect of the
present disclosure, as the trench pattern 180 is formed in the
non-active area NA, the cathode 153 of the active area AA
and the cathode 153 of the non-active area NA may be
disconnected, which may have the effect of substantially
retracting the end portion of the cathode 153 toward the
active area AA, thereby allowing for an increase in the
reliable bezel area L and a reduction in bezel width.
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[0132] As described above, the electroluminescent display
device has a minimum bezel distance (the reliable bezel area
L) to secure reliability such as moisture permeation preven-
tion.

[0133] In this case, the reliable bezel area [. may be
defined as a distance from an end portion of the reinforce-
ment substrate 140 to the end portion of the cathode 153. An
area excluding the reliable bezel area L in the non-active
area NA may be referred to as a shadow area and is located
outside the active area AA. The shadow area may be defined
by a gap between a mask and the substrate 101 when the
cathode 153 and the organic layer 152 are deposited.
[0134] The first exemplary aspect of the present disclosure
is characterized in that the trench 180 is disposed outside the
shadow area, that is, within the reliable bezel area L.
[0135] In FIG. 3, a case in which two trench patterns 180
are provided is illustrated as an example, but the present
disclosure is not limited thereto. The number of trench
patterns 180 may be more or less.

[0136] In a non-limiting example, a protective layer for
protecting the GIP unit 125 from laser ablation may be
additionally disposed on an inner bottom of the trench
pattern 180.

[0137] In this case, the protective layer may be formed of
a transparent conductive material constituting the anode 151
to absorb 100% of a laser when using the laser having a
wavelength range of about 266 nm in an ultraviolet region.
The transparent conductive material may include indium tin
oxide (ITO), indium zinc oxide (IZO), or indium gallium
zinc oxide (IGZO).

[0138] The step alleviation layer 190, the inorganic layer
186, the sealing member 130, and the reinforcement sub-
strate 140 may be disposed on the capping layer 120, as well
as an inner portion of the trench pattern 180.

[0139] First, the step alleviation layer 190 may be dis-
posed on the capping layer 120 and may be disposed to fill
the inner portion of the trench pattern 180. That is, the step
alleviation layer 190 may be disposed to fill the inner portion
of the trench pattern 180 to alleviate a stepped portion
caused by the trench pattern 180 and planarize an upper
portion of the trench pattern 180.

[0140] In addition, the step alleviation layer 190, together
with the capping layer 120, the inorganic layer 186, and the
reinforcement substrate 140, may protect the organic light
emitting element 150 of the pixel unit 115 from external
moisture, oxygen, impacts, and the like.

[0141] The step alleviation layer 190 may be formed of an
organic material.

[0142] For example, the step alleviation layer 190 may
include a resin formed of an organic material and getters 195
dispersed in the resin.

[0143] The resin of the step alleviation layer 190 may be
formed of an organic material. For example, the step alle-
viation layer 190 may include an epoxy resin, an acrylic
resin, and a silicon oxycarbon (SiOC) resin.

[0144] The step alleviation layer 190 may include the
getters 195. The getters 195 may be dispersed in the resin
described above.

[0145] The getters 195 may include at least one of barium
oxide (BaO), calcium oxide (CaO), magnesium oxide
(MgO), magnesium sulfate (MgSQO,), sodium oxide (Na,O),
sodium sulfate (Na,SO,), lithium sulfate (LiSO), calcium
sulfate (CaSO,), potassium oxide (K,O), lithium oxide
(Li,0), gallium sulfate (GaS), calcium chloride (CaCl?),
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magnesium chloride (MgCl,), calcium bromide (CaBr,),
cerium bromide (CsBr), vanadium bromide (VBrs) and
calcium nitrate (Ca(Nos),).

[0146] The getters 195 may be formed of particles having
a size of about 50 to 100 nm. The getters 195 may be formed
of a transparent material, but are not limited thereto.
[0147] The step alleviation layer 190 may be implemented
as a film. That is, the step alleviation layer 190 is not formed
by applying and curing a liquid material, but may be
implemented in the form of a film and disposed on the
capping layer 120. Accordingly, the step alleviation layer
190 may be formed of an organic film.

[0148] In the case of the first exemplary aspect of the
present disclosure, the step alleviation layer 190 may be
disposed to be in contact with a portion of an upper surface
of the capping layer 120 disposed outside an outermost
trench pattern 180 as well as the capping layer 120, the
exposed cathode 153, and the inner portion of the trench
pattern 180. However, the present disclosure is not limited
thereto. Here, the outermost trench pattern 180 may refer to
the trench pattern 180 positioned at an outermost portion
when a plurality of the trench patterns 180 are disposed.
[0149] The inorganic layer 186 formed of an inorganic
insulating material may be disposed on the step alleviation
layer 190. The inorganic layer 186 may delay moisture
permeation from an upper portion thereof and suppress
defects caused by dents or foreign materials.

[0150] In this case, the inorganic layer 186 may be dis-
posed to be in contact with an upper surface of the step
alleviation layer 190 and the other portion of the upper
surface of the capping layer 120. That is, the inorganic layer
186 may cover the upper surface and a side surface of the
step alleviation layer 190 to encapsulate the step alleviation
layer 190. In addition, the inorganic layer 186 may cover a
side surface and the other portion of the upper surface of the
capping layer 120 and a side surface of the cathode 153
disposed outside the outermost trench pattern 180, which are
not completely covered by the step alleviation layer 190.
[0151] The inorganic layer 186 may be formed of silicon
oxide (SiOx), silicon nitride (SiNx), or multiple layers
thereof to delay moisture permeation, but is not limited
thereto.

[0152] An encapsulation structure of a multilayer structure
composed of the sealing member 130 and the reinforcement
substrate 140 may be disposed on the inorganic layer 186,
but the present disclosure is not limited thereto. An encap-
sulation substrate may be disposed on the inorganic layer
186 with an adhesive layer interposed therebetween.
[0153] Small-sized display panels used in mobile and
portable devices have small areas, so heat is quickly dissi-
pated from elements and there are few defects with adhe-
sion, whereas large-sized display panels used in monitors,
tablets, and television receivers have large areas and thus, an
encapsulation structure for optimal heat dissipation and
adhesion is required.

[0154] In addition, to secure insufficient rigidity, the elec-
troluminescent display device may further include a separate
inner plate on an upper portion of the encapsulation sub-
strate. In this case, it is necessary to secure a space for
arranging a separate inner plate, and there are limitations in
slimming and reducing a weight of the electroluminescent
display device due to a weight of the inner plate. In addition,
a vertical separation space is generated by an air gap
generated between the encapsulation substrate and the inner
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plate by the amount equal to a thickness of an adhesive tape
disposed to bond the encapsulation substrate and the inner
plate, thereby causing a limit to reducing heat dissipation
performance.

[0155] Therefore, the first exemplary aspect of the present
disclosure is characterized by applying an encapsulation
structure of a multilayer structure including the sealing
member 130 capable of preventing process defects and
fixing a relatively thick reinforcement substrate 140 while
removing a separate inner plate.

[0156] The sealing member 130 according to the present
disclosure may include a first adhesive layer 131 facing the
substrate 101, a second adhesive layer 133 facing the
reinforcement substrate 140, and a barrier layer 132 dis-
posed between the first adhesive layer 131 and the second
adhesive layer 133.

[0157] Each of the first adhesive layer 131 and the second
adhesive layer 133 may be formed of an adhesive polymer
material. For example, the first adhesive layer 131 may be
formed of any one of olefin-based, epoxy-based, and acry-
late-based polymer materials. In addition, the second adhe-
sive layer 133 may be formed of any one of olefin-based,
epoxy-based, acrylate-based, amine-based, phenol-based,
and acid anhydride-based polymer materials that do not
contain a carboxyl group. In particular, the second adhesive
layer 133 is preferably formed of a polymer material that
does not contain a carboxyl group for film uniformity and
corrosion prevention of the barrier layer 132.

[0158] To dissipate heat from the substrate 101, at least the
first adhesive layer 131 among the first and second adhesive
layers 131 and 133 may be formed of a mixture including
particles of an adhesive polymer material and a metal
material. there is. For example, the particle of the metal
material may be powder formed of nickel (Ni). The first
adhesive layer 131 in direct contact with the substrate 101 is
formed of a mixture including particles of an adhesive
polymer material and a metal material, and thus may have
higher thermal conductivity than that of the adhesive poly-
mer material.

[0159] Similarly, the second adhesive layer 133 may be
formed of a mixture including particles of an adhesive
polymer material and a metal material and have higher
thermal conductivity than that of the adhesive polymer
material.

[0160] In this manner, a speed at which driving heat
generated in the substrate 101 is dissipated through the
sealing member 130 may be improved. Therefore, a heat
dissipation effect of the substrate 101 may be improved.
[0161] In addition, to prevent moisture permeation to the
pixel unit 115, the first adhesive layer 131 may be formed of
a mixture further including an inorganic filler having mois-
ture absorbing properties. In this case, the inorganic filler
having moisture absorbing properties may be at least one of
barium oxide (BaO), calcium oxide (CaO), and magnesium
oxide (MgO).

[0162] Unlike the first adhesive layer 131, the second
adhesive layer 133 does not directly contact the pixel unit
115, and thus does not need to include an inorganic filler to
prevent moisture permeation of the pixel unit 115. Accord-
ingly, the second adhesive layer 133 may include only
particles of an adhesive polymer material and a metal
material without including the inorganic filler having mois-
ture absorbing properties. In this manner, the amount of
relatively expensive inorganic filler (having moisture
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absorbing properties) injected into the sealing member 130
may be reduced, and thus the cost of preparing the sealing
member 130 may be reduced.

[0163] In addition, since a mixing ratio of the polymer
material included in the second adhesive layer 133 may be
increased compared to that of the first adhesive layer 131 as
long as the inorganic filler having moisture absorbing prop-
erties is not included, adhesion of the second adhesive layer
133 may be improved as compared to that of the first
adhesive layer 131. Accordingly, as the reinforcement sub-
strate 140 is more firmly fixed onto the second adhesive
layer 133, reliability of bonding force between the substrate
101 and the reinforcement substrate 140 may be further
improved.

[0164] In addition, as the multilayer structure of the first
adhesive layer 131 and the second adhesive layer 133 is
formed, reliability of reducing a warpage phenomenon in
which the display panel is bent may also be improved.

[0165] A thickness of each of the first and second adhesive
layers 131 and 133 may be limited to a critical thickness or
less to prevent process defects. In addition, the sum of the
thicknesses of the first and second adhesive layers 131 and
133 may be limited to a critical thickness or more for
securing reliability of fixing the reinforcement substrate 140.

[0166] For example, each of the first and second adhesive
layers 131 and 133 may have a thickness within a range of
10 um to 100 um.

[0167] The barrier layer 132 may be formed of any one of
a metal material and an inorganic insulating material. That
is, the barrier layer 132 may include a metal material such
as Al, Cu, Sn, Ag, Fe, or Zn. In another example, the barrier
layer 132 may be formed of a thin film of an inorganic
insulating material such as SiOx and SiONx.

[0168] The barrier layer 132 may be introduced to realize
a laminated structure for reinforcing adhesion with the first
and second adhesive layers 131 and 133 and reducing
warpage. Specifically, each of the first and second adhesive
layers 131 and 133 includes an adhesive polymer material.
Accordingly, the barrier layer 132 having a relatively hard
material is disposed between the first adhesive layer 131 and
the second adhesive layer 133 and thus, one side and the
other side of the barrier layer 132 are bonded to the first
adhesive layer 131 and the second adhesive layer 133,
respectively, so that bonding strength may be improved.

[0169] At this time, a thickness of the barrier layer 132
may be limited to a value smaller than thicknesses of the first
and second adhesive layers 131 and 133 to minimize an
increase in thickness of the sealing member 130 due to the
barrier layer 132. For example, the thickness of the barrier
layer 132 may be greater than 10 pm and smaller than that
of each of the first and second adhesive layers 131 and 133.

[0170] In this manner, the sealing member 130 according
to the first exemplary aspect of the present disclosure
includes the first and second adhesive layers 131 and 133
separated by the barrier layer 132. Accordingly, the sealing
member 130 may be implemented with a thickness twice as
thick as a single-layer adhesive material without a process
defect. Due to the thickness of the reinforcement substrate
140 fixed by the sealing member 130, there is an advantage
in that rigidity increase and heat dissipation effects may be
easily realized. In other words, when the thickness of the
sealing member 130 is within a range of 30 um to 300 um,
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the thickness of the reinforcement substrate 140 may be
implemented as a thickness within a range of 0.1 mm to 1.5
mm.

[0171] In some aspects, the reinforcement substrate 140
may be formed of any one material among glass, metal, and
plastic polymer. In some aspects, the reinforcement substrate
140 may be formed of a metal material including Al, Cu, Sn,
Ag, Fe, or Zn.

[0172] The sealing member 130 and the reinforcement
substrate 140 may extend to the non-active area NA to cover
a portion of the planarization layer 105 and the bank 106.
[0173] Meanwhile, as described above, a lifting phenom-
enon, in which a part of the cathode 153 disposed adjacent
to the trench pattern 180 is separated from the organic layer
152, may occur due to laser irradiation. This lifting phe-
nomenon may be prevented through a reduction in size of a
laser spot or the step alleviation layer 190 described above.
[0174] FIGS. 4Ato 4C are focused ion beam (FIB) images
of'area A of FIG. 3 according to some aspects of the present
disclosure.

[0175] FIGS. 5A to 5C are FIB images of area A of FIG.
3 when viewed from above according to some aspects of the
present disclosure.

[0176] FIGS. 4A to 4C and FIGS. 5A to 5C illustrate
shapes of an organic layer, a cathode, and a capping layer
disposed adjacent to a trench pattern as examples.

[0177] FIGS. 4A and 5B show an example in which a
trench is formed using a laser having a spot size of about 30
um, FIGS. 4B and 5B show a case in which a trench is
formed using a laser having a spot size of about 8 um, and
FIGS. 4C and 5C show a case in which a trench is formed
using a laser having a spot size of about 3 pm.

[0178] Referring to FIGS. 4A to 4C and FIGS. 5A to 5C,
a portion of the cathode adjacent to a trench pattern may be
spaced apart from the organic layer. As described above, the
trench pattern may be formed by removing the capping
layer, the cathode, and the organic layer in a shadow area
outside the active area through laser ablation. In this case,
due to a difference in laser absorption between the capping
layer, the cathode, and the organic layer, a portion of the
cathode adjacent to the trench pattern may be separated from
the organic layer, causing a delamination or lifting phenom-
enon. Also, the capping layer adjacent to the trench pattern
may be removed to be recessed inwardly more than the
cathode. That is, as the capping layer is melted faster by the
laser than the cathode, the capping layer may be removed so
that the capping layer is more inwardly recessed than the
cathode.

[0179] For example, referring to FIGS. 4A and 5A, when
the trench pattern is formed using a laser having a spot size
of'about 30 um, a portion of the cathode in an area adjacent
to the trench pattern may be lifted upward. That is, an end
portion of the cathode may be lifted upward and spaced apart
from the organic layer. In this case, the capping layer
adjacent to the trench pattern may be removed to be recessed
inwardly more than the cathode.

[0180] At this time, a laser processing speed may be about
600 mm per second.

[0181] Also, for example, referring to FIGS. 4B and 5B,
when a trench pattern is formed with a laser having a spot
size of about 8 um, an end of the cathode in an area adjacent
to the trench pattern is bent upward and then, bent in a
direction of the organic layer, so that it has a rolled shape.
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In this case, the capping layer adjacent to the trench pattern
may be removed to be recessed inwardly more than the
cathode.

[0182] At this time, the laser processing speed may be
about 100 mm per second.

[0183] Also, for example, referring to FIGS. 4C and 5C,
when a trench pattern is formed with a laser having a spot
size of about 3 um, it may be seen that lifting and rolling of
the end of the cathode in an area adjacent to the trench
pattern are alleviated. In this case, also, the capping layer
adjacent to the trench pattern may be removed to be recessed
inwardly more than the cathode.

[0184] At this time, the laser processing speed may be
about 10 mm per second.

[0185] In this manner, when a laser spot size is reduced
and the processing speed is reduced, the lifting of the
cathode may be reduced, and a height of the end of the
cathode may be maintained uniformly.

[0186] However, a shape of a portion of the cathode in the
area adjacent to the trench pattern is not limited to those
shown in FIGS. 4A to 4C and may have various shapes.
[0187] Referring back to FIG. 3, the step alleviation layer
190 may be disposed on the capping layer 120 to fill the
trench pattern 180. That is, the step alleviation layer 190
may cover the side surface of the cathode 153 and the side
surface of the organic layer 152 where a stepped portion is
formed according to the lifting of the cathode 153 in the area
adjacent to the trench pattern 180. In addition, the step
alleviation layer 190 may cover a rolled or lifted shape of the
cathode 153 by filling the separated space between the
cathode 153 and the organic layer 152. In other words, as
shown in FIGS. 4A to 4C, the step alleviation layer 190 may
fill the separated space generated when a portion of the
cathode 153 adjacent to the trench pattern 180 is spaced
apart from the organic layer 152 and planarize the upper
portions of the cathode 153 and the capping layer 120.
[0188] As described above, in response to demand for
reducing the thickness of an electroluminescent display
device, attempts are made to reduce the thickness of a
non-active area of the electroluminescent display device e.
When a cathode and an organic layer are deposited, a
shadow area is generated by a gap between a mask and a
substrate, so there is a limit to reducing a bezel.

[0189] In addition, a minimum bezel distance is required
to secure reliability such as moisture permeation prevention
in current electroluminescent display devices, and this may
be referred to as a reliability bezel. For example, the
reliability bezel may be defined from an end portion of an
upper substrate (encapsulation substrate) to an end portion
of the cathode. Accordingly, there is a limit to reducing the
bezel to secure a reliable bezel.

[0190] Therefore, in the electroluminescent display device
according to the first exemplary aspect of the present dis-
closure, the trench pattern 180 in which portions of the
capping layer 120, the cathode 153, and the organic layer
152 are removed may be formed to secure reliability such as
moisture permeation prevention. Accordingly, by forming
the trench pattern 180 in an unnecessary shadow area
generated by using a deposition mask, a rate of moisture
permeation from the side surface of the device may be
delayed, thereby improving reliability and reducing a bezel
width.

[0191] Meanwhile, a laser ablation method may be used to
remove the capping layer 120, the cathode 153, and the
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organic layer 152 during formation of the trench pattern 180.
However, due to a difference in laser absorption between the
capping layer 120, the cathode 153, and the organic layer
152, a phenomenon may occur in which a portion of the
cathode 153 adjacent to the trench pattern 180 is separated
from the organic layer 152 and is rolled or lifted. For
example, the end portion of the cathode 153 may protrude or
lift upward in an area adjacent to the trench pattern 180 to
which a laser is irradiated. In particular, as the area to which
the laser is irradiated increases, rolling and lifting of the
cathode 153 may be intensified, and the lifting phenomenon
between the cathode 153 and the organic layer 152 may also
be intensified. In addition, the capping layer 120 adjacent to
the trench pattern 180 may be removed to be recessed
inward more than the cathode 153. Accordingly, a stepped
portion may be generated by the cathode 153 in the area
adjacent to the trench pattern 180, and a foreign material
may be formed due to residues generated during a laser
irradiation process. In addition, the upper surface of the
cathode 153 may become uneven, so quality of layers
disposed over the cathode 153 may be degraded. Specifi-
cally, when an inorganic layer that delays moisture perme-
ation is disposed on an upper portion of the cathode 153, the
inorganic layer may be damaged by occurrence of seams and
foreign materials, and defects such as moisture permeation
through a damaged interface may occur.

[0192] Accordingly, the first exemplary aspect of the pres-
ent disclosure is characterized in that the step alleviation
layer 190 capable of securing step coverage is disposed over
the trench pattern 180. In a process of forming the trench
pattern 180, the cathode 153 may be spaced apart from the
organic layer 152 disposed thereunder. Accordingly, the step
alleviation layer 190 may fill the trench pattern 180 and fill
the space between the cathode 153 and the organic layer 152
generated from laser ablation to thereby alleviate a rapid
step change according to a protruding shape of the cathode
153. In addition, by planarizing the upper portion of the
trench pattern 180, a stepped portion due to a shape of the
ends of the capping layer 120 and the cathode 153 may be
reduced, thereby preventing generation of seams.

[0193] Accordingly, degradation in quality of layers dis-
posed on the upper portion of the cathode 153 may be
prevented, and flatness of the inorganic layer 186 may be
improved when the inorganic layer 186 is disposed on the
upper portion of the cathode 153. Consequently, reliability
of moisture barrier performance of the electroluminescent
display device may be improved.

[0194] In addition, the first exemplary aspect of the pres-
ent disclosure may include the getters 195 in the step
alleviation layer 190 to delay moisture permeation. The
getter 195 may absorb moisture and oxygen introduced into
an inner space of the step alleviation layer 190 and prevent
moisture from being diffused. Accordingly, it is possible to
control a path of moisture permeation through layers dis-
posed under the step alleviation layer 190.

[0195] FIG. 6 is a graph showing transmittance according
to wavelengths for a capping layer, an organic layer, a
cathode, and a triple layer according to some aspects of the
present disclosure.

[0196] FIG. 7 is a table showing transmittance according
to laser wavelengths for the capping layer, the organic layer,
the cathode, and the triple layer according to some aspects
of the present disclosure.
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[0197] Referring to FIG. 6, it may be seen that the trans-
mittance of the capping layer and the organic layer increases
as the wavelength increases. On the other hand, in the case
of the cathode and the triple layer, transmittance of almost
0% is shown in all wavelength ranges.

[0198] Referring to FIG. 7, in the case of a laser wave-
length of 1064 nm, it may be seen that transmittances of the
capping layer, the organic layer, the cathode, and the triple
layer are 90.06%, 86.16%, 0%, and 0%, respectively.
[0199] Inaddition, in the case of a laser wavelength of 532
nm, it may be seen that the transmittances of the capping
layer, the organic layer, the cathode, and the triple layer are
84.25%, 90.12%, 0%, and 0.03%, respectively.

[0200] Inaddition, in the case of a laser wavelength of 355
nm, it may be seen that the transmittances of the capping
layer, the organic layer, the cathode, and the triple layer are
1.2%, 32.8%, 0%, and 0%, respectively.

[0201] Therefore, to simultaneously remove the triple
layer, it is preferable to use a UV laser of 355 nm because
the capping layer and the organic layer need to have high
absorption rates with respect to laser irradiation wave-
lengths.

[0202] Meanwhile, the inorganic layer of the present dis-
closure may be formed to extend to the non-active area,
which will be described in detail with reference to FIG. 8
below.

[0203] FIG. 8 is a cross-sectional view showing a display
panel according to some aspects of the present disclosure.
[0204] Since other configurations of a display panel 200
according to a second exemplary embodiment of the present
disclosure in FIG. 8 are substantially identical to those of the
display panel 100 according to the first exemplary embodi-
ment of FIG. 3 with only a difference in configuration of an
inorganic layer 286, the identical configurations will not be
further described with reference to FIG. 8, for sake of
brevity.

[0205] Referring to FIG. 8, in the display panel 200
according to the second exemplary embodiment aspect of
the present disclosure, the pixel unit 115 and the GIP unit
125 may be disposed on the substrate 101.

[0206] In addition, the planarization layer 105 may be
disposed on the GIP unit 125.

[0207] In addition, an organic light emitting element may
be disposed on the planarization layer 105, and the capping
layer 120, the step alleviation layer 190, and the inorganic
layer 286 may be disposed on the organic light emitting
element.

[0208] In addition, the sealing member 130 and the rein-
forcement substrate 140 may be sequentially disposed on the
inorganic layer 286, but the present disclosure is not limited
thereto. An encapsulation substrate may be disposed on the
inorganic layer 286 with an adhesive layer interposed ther-
ebetween.

[0209] However, the display panel 200 according to the
second exemplary embodiment of the present disclosure is
not limited to such a laminated structure.

[0210] The planarization layer 105 may extend to the
non-active area NA to cover the GIP unit 125.

[0211] The organic light emitting element may include an
anode formed on the planarization layer 105, the organic
layer 152 formed on the anode, and the cathode 153 formed
on the organic layer 152.

[0212] The bank 106 may be disposed on the planarization
layer 105 in the area other than the light emitting area.
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[0213]
NA.
[0214] That is, the bank 106 may extend to a portion of the
non-active area NA to be spaced apart from the end portion
of the substrate 101 by a predetermined distance.

[0215] The bank 106 may cover the upper portion of the
GIP unit 125, but is not limited thereto.

[0216] The organic layer 152 may be disposed on the
anode exposed by the bank 106.

The bank 106 may extend to the non-active area

[0217] The organic layer 152 may extend to the non-active
area NA.
[0218] The organic layer 152 may extend to a portion of

the non-active area NA to be spaced apart from the end
portion of the bank 106 by a predetermined distance.
[0219] In the non-active area NA, the organic layer 152
may be disposed on the bank 106.

[0220] The cathode 153 may be disposed on the organic
layer 152.

[0221] The cathode 153 may extend to the non-active area
NA

[0222] The cathode 153 may be spaced apart from the end
portion of the bank 106 by a predetermined distance and
contact a portion of the upper surface of the bank 106.
[0223] Inthe non-active areca NA, the cathode 153 may be
disposed to cover the side surface of the organic layer 152.
The organic layer 152 may be spaced apart from the end
portion of the cathode 153 by a predetermined distance, but
is not limited thereto.

[0224] The capping layer 120 may be disposed on the
cathode 153.
[0225] The capping layer 120 may extend to the non-

active area NA. In the non-active area NA, the capping layer
120 may be disposed on the cathode 153.

[0226] As described above, the display panel 200 accord-
ing to the second exemplary aspect of the present disclosure
is characterized in that the trench pattern 180 is formed by
removing portions of the capping layer 120, the cathode 153,
and the organic layer 152 in the non-active area NA. The
trench pattern 180 may be disposed in a shadow area
between end portions of the cathodes 153 in the non-active
area NA outside the active area AA.

[0227] In addition, the display panel 200 according to the
second exemplary aspect of the present disclosure is char-
acterized in that the capping layer 120 adjacent to the trench
pattern 180 is removed to be recessed inwardly more than
the cathode 153.

[0228] In addition, a portion of the cathode 153 adjacent
to the trench pattern 180 may be spaced apart from the
organic layer 152.

[0229] In the case of the second exemplary aspect of the
present disclosure, as the trench pattern 180 is formed in the
non-active area NA, in the same manner as the first exem-
plary aspect described above, the cathode 153 of the active
area AA and the cathode 153 of the non-active area NA may
be disconnected from each other.

[0230] The step alleviation layer 190 may be disposed on
the capping layer 120 as well as the trench pattern 180. The
step alleviation layer 190 may be disposed to fill the inner
portion of the trench pattern 180.

[0231] The step alleviation layer 190 may be formed of an
organic material and may include a resin and the getters 195
dispersed in the resin.

[0232] The step alleviation layer 190 may be implemented
in the form of a film.
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[0233] The inorganic layer 286 formed of an inorganic
insulating material may be disposed on the step alleviation
layer 190.

[0234] The inorganic layer 286 according to the second
exemplary aspect of the present disclosure may be disposed
to be in contact with the upper surface of the step alleviation
layer 190 and the other portion of the upper surface of the
capping layer 120. That is, the inorganic layer 286 may
cover the upper and side surfaces of the step alleviation layer
190 to encapsulate the step alleviation layer 190. In addition,
the inorganic layer 286 according to the second exemplary
aspect of the present disclosure extends to ends of the
sealing member 130 and the reinforcement substrate 140 and
may cover the side surface and the other portion of the upper
surface of the capping layer 120 and the side surface of the
cathode 153 disposed outside the outermost trench pattern
180, which are not completely covered by the step allevia-
tion layer 190. In addition, the inorganic layer 286 according
to the second exemplary aspect of the present disclosure
may also cover a side surface and a portion of the upper
surface of the bank 106 extending to the non-active area NA
and a portion of an upper surface of the planarization layer
105.

[0235] That is, the inorganic layer 286 may contact the
side surface and the portion of the upper surface of the bank
106 and the portion of the upper surface of the planarization
layer 105. In addition, the inorganic layer 286 may extend to
the ends of the sealing member 130 and the reinforcement
substrate 140 so that a side surface thereof is exposed.

[0236] In this manner, as the inorganic layer 286 extends
to cover a portion of the upper surface and the side surface
of the bank 106 extending to the non-active area NA and a
portion of the upper surface of the planarization layer 105,
it is possible to effectively block oxygen penetration and
moisture permeation at a side surface of the display panel
200.

[0237] Meanwhile, the step alleviation layer of the present
disclosure may be extended in the non-active area to com-
pletely cover the capping layer and the cathode, which will
be described in detail with reference to FIG. 9 below.

[0238] FIG. 9 is a cross-sectional view showing a display
panel according to some aspects of the present disclosure.

[0239] Since other configurations of a display panel 300
according to a third exemplary aspect of the present disclo-
sure in FIG. 9 are substantially identical to those of the
display panel 100 according to the first exemplary aspect of
FIG. 3 with only differences in configurations of a step
alleviation layer 390 and an inorganic layer 386, the iden-
tical configurations will not be further described with ref-
erence to FIG. 9, for sake of brevity.

[0240] Referring to FIG. 9, the display panel 300 of the
third exemplary aspect of the present disclosure is charac-
terized in that the trench pattern 180 is formed by selectively
removing portions of the capping layer 120, the cathode 153,
and the organic layer 152 in the non-active area NA, in the
same manner as the first and second exemplary embodi-
ments of the present disclosure.

[0241] In addition, the display panel 300 according to the
third exemplary aspect of the present disclosure is charac-
terized in that the capping layer 120 adjacent to the trench
pattern 180 is removed to be recessed inwardly more than
the cathode 153.
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[0242] In addition, a portion of the cathode 153 adjacent
to the trench pattern 180 may be spaced apart from the
organic layer 152.

[0243] In the case of the third exemplary aspect of the
present disclosure, the step alleviation layer 390 may be
disposed on the capping layer 120 as well as the inner
portion of the trench pattern 180 in the same manner as the
first and second exemplary embodiments described above.
The step alleviation layer 390 may be disposed to fill the
inner portion of the trench pattern 180. In particular, the step
alleviation layer 390 according to the third exemplary aspect
of the present disclosure is characterized in that it is formed
to extend to the non-active area NA to completely cover the
capping layer 120 and the cathode 153. The step alleviation
layer 390 completely covers the capping layer 120 and the
cathode 153 disposed outside the outermost trench pattern
180, while contacting a portion of the upper surface of the
bank 106 that extends outwardly of the capping layer 120
and the cathode 153.

[0244] As the step alleviation layer 190 extends to com-
pletely cover the side surfaces of the capping layer 120 and
the cathode 153 disposed outside the outermost trench
pattern 180, it is possible to effectively block oxygen pen-
etration and moisture permeation at a side surface of the
display panel 300.

[0245] The step alleviation layer 390 may be formed of an
organic material and may include a resin and getters 395
dispersed in the resin.

[0246] The step alleviation layer 390 may be implemented
in the form of a film, and an upper surface thereof may be
planarized.

[0247] The inorganic layer 386 formed of an inorganic
insulating material may be disposed on the step alleviation
layer 390.

[0248] The inorganic layer 386 according to the third
exemplary aspect of the present disclosure may be disposed
to be in contact with the upper surface and a side surface of
the step alleviation layer 390 and a portion of the upper
surface of the bank 106. That is, the inorganic layer 386 may
cover the upper and side surfaces of the step alleviation layer
390 to encapsulate the step alleviation layer 390. In addition,
the inorganic layer 386 may contact the portion of the upper
surface of the bank 106.

[0249] Meanwhile, the step alleviation layer of the present
disclosure may be formed to extend to the non-active area to
completely cover the bank, which will be described in detail
with reference to FIG. 10 below.

[0250] FIG. 10 is a cross-sectional view showing a display
panel according to a some aspects of the present disclosure.

[0251] Since other configurations of a display panel 400
according to a fourth exemplary aspect of FIG. 10 are
substantially identical to those of the display panel 100
according to the first exemplary aspect of FIG. 3 with only
differences in configurations of a step alleviation layer 490
and an inorganic layer 486, the identical configurations will
not be further described with reference to FIG. 10, for sake
of brevity.

[0252] Referring to FIG. 10, the display panel 400 accord-
ing to the fourth exemplary aspect of the present disclosure
is characterized in that the trench pattern 180 is formed by
selectively removing portions of the capping layer 120, the
cathode 153, and the organic layer 152 in the non-active area
NA.
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[0253] In addition, the display panel 400 according to the
fourth exemplary aspect of the present disclosure is charac-
terized in that the capping layer 120 adjacent to the trench
pattern 180 is removed to be recessed inwardly more than
the cathode 153.

[0254] In addition, a portion of the cathode 153 adjacent
to the trench pattern 180 may be spaced apart from the
organic layer 152.

[0255] In the fourth exemplary aspect of the present
disclosure, the step alleviation layer 490 may be disposed on
the capping layer 120 as well as the inner portion of the
trench pattern 180 as in the same manner as the first to third
exemplary embodiments described above. The step allevia-
tion layer 490 may be disposed to fill the inner portion of the
trench pattern 180. In particular, the step alleviation layer
490 according to the fourth exemplary aspect of the present
disclosure extends to the non-active area NA to completely
cover the capping layer 120, the cathode 153, and the bank
106. The step alleviation layer 490 completely covers the
capping layer 120, the cathode 153, and the bank 106 that
are disposed outside the outermost trench pattern 180, while
contacting a portion of the upper surface of the planarization
layer 105 extending outwardly of the bank 106.

[0256] In this manner, as the step alleviation layer 490
extends to completely cover the side surfaces of the capping
layer 120, the cathode 153, and the bank 106 disposed
outside the outermost trench pattern 180, it is possible to
effectively block oxygen penetration and moisture perme-
ation at a side surface of the display panel 400.

[0257] The step alleviation layer 490 may be formed of an
organic material and may include a resin and getters 495
dispersed in the resin.

[0258] The step alleviation layer 490 may be implemented
in the form of a film, and an upper surface thereof may be
planarized.

[0259] The inorganic layer 486 formed of an inorganic
insulating material may be disposed on the step alleviation
layer 490.

[0260] The inorganic layer 486 according to the fourth
exemplary aspect of the present disclosure may be disposed
in contact with the upper and side surfaces of the step
alleviation layer 490 and a portion of the upper surface of the
planarization layer 105. That is, the inorganic layer 486
according to the fourth exemplary aspect of the present
disclosure may cover the upper surface and the side surface
of the step alleviation layer 490 to encapsulate the step
alleviation layer 490. In addition, the inorganic layer 486
may contact a portion of the upper surface of the planariza-
tion layer 105.

[0261] Meanwhile, the inorganic layer of the present dis-
closure may be extended to the non-active area, which will
be described in detail with reference to FIG. 11 below.
[0262] FIG. 11 is a cross-sectional view showing a display
panel according to some aspects of the present disclosure.
[0263] Since other configurations of a display panel 500
according to the fifth exemplary aspect of the present
disclosure shown in FIG. 11 are substantially identical to
those of the display panel 400 according to the fourth
exemplary aspect shown in FIG. 10 with only a difference in
configuration of an inorganic layer 586, the identical con-
figurations will not be further described with reference to
FIG. 11, for sake of brevity.

[0264] Referring to FIG. 11, the display panel 500 accord-
ing to the fifth exemplary aspect of the present disclosure is
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characterized in that the trench pattern 180 is formed by
removing portions of the capping layer 120, the cathode 153,
and the organic layer 152 in the non-active area NA, in the
same manner as the fifth exemplary aspect of the present
disclosure described above.

[0265] In addition, the display panel 500 according to the
fifth exemplary aspect of the present disclosure is charac-
terized in that the capping layer 120 adjacent to the trench
pattern 180 is removed to be recessed inwardly more than
the cathode 153.

[0266] In addition, a portion of the cathode 153 adjacent
to the trench pattern 180 may be spaced apart from the
organic layer 152.

[0267] In the fifth exemplary aspect of the present disclo-
sure, the step alleviation layer 490 may be disposed on the
capping layer 120 as well as the inner portion of the trench
pattern 180 in the same manner the fourth exemplary aspect
described above.

[0268] The inorganic layer 586 formed of an inorganic
insulating material may be disposed on the step alleviation
layer 490.

[0269] The inorganic layer 586 according to the fifth
exemplary aspect of the present disclosure may be disposed
in contact with the upper and side surfaces of the step
alleviation layer 490 and a portion of the upper surface of the
planarization layer 105. That is, the inorganic layer 586
according to the fifth exemplary aspect of the present
disclosure may cover the upper and side surfaces of the step
alleviation layer 490 to encapsulate the step alleviation layer
490. In addition, the inorganic layer 586 according to the
fifth exemplary aspect of the present disclosure extends to
the ends of the sealing member 130 and the reinforcement
substrate 140 and may cover a portion of the upper surface
of the planarization layer 105 extending to the non-active
area NA.

[0270] That is, the inorganic layer 586 may extend to the
ends of the sealing member 130 and the reinforcement
substrate 140 so that a side surface thereof is exposed.
[0271] In this manner, the inorganic layer 586 extends to
cover a portion of the upper surface of the planarization
layer 105 extending to the non-active area NA, it is possible
to effectively block oxygen penetration and moisture per-
meation at a side surface of the display panel 500.

[0272] The exemplary embodiments of the present disclo-
sure may also be described as follows:

[0273] According to an aspect of the present disclosure,
there is provided an electroluminescent display device. The
electroluminescent display device comprises a substrate
including an active area and a non-active area outside the
active area, a planarization layer over the substrate and
extending from the active area to the non-active area, a bank
on a planarization layer extending to the non-active area, an
organic layer on the bank, a cathode on the organic layer, a
capping layer over the cathode, a trench pattern configured
in the non-active area, from which the capping layer, the
cathode, and the organic layer are removed and a step
alleviation layer filling the trench pattern and planarizing an
upper portion of the trench pattern, the capping layer adja-
cent to the trench pattern may be recessed inwardly com-
pared to the cathode.

[0274] The step alleviation layer may be implemented as
a film.
[0275] The step alleviation layer may include getters.
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[0276] The cathode disposed outside the trench pattern
may cover a side surface of the organic layer.

[0277] The electroluminescent display device may further
include an inorganic layer on the step alleviation layer.
[0278] The step alleviation layer may be disposed in
contact with a portion of an upper surface of the capping
layer disposed outside the trench pattern.

[0279] The inorganic layer may be disposed in contact
with an upper surface and a side surface of the step allevia-
tion layer, the other portion of the upper surface of the
capping layer, and a portion of an upper surface of the bank.
[0280] The inorganic layer may be disposed in contact
with a portion of an upper surface and a side surface of the
bank and a portion of an upper surface of the planarization
layer.

[0281] The step alleviation layer may cover the capping
layer and the cathode disposed outside the trench pattern,
and may be disposed in contact with a portion of an upper
surface of the bank extending outwardly of the capping layer
and the cathode.

[0282] The inorganic layer may be disposed in contact
with an upper surface and a side surface of the step allevia-
tion layer and another portion of the upper surface of the
bank.

[0283] The step alleviation layer may cover the capping
layer, the cathode, and the bank disposed outside the trench
pattern, while contacting a portion of an upper surface of the
planarization layer extending outwardly of the bank.
[0284] The inorganic layer may be disposed in contact
with an upper surface and a side surface of the step allevia-
tion layer and another portion of the upper surface of the
planarization layer.

[0285] The inorganic layer may extend to the non-active
area to expose a side surface thereof.

[0286] An end portion of the cathode disposed adjacent to
the trench pattern may have a shape that is lifted or rolled
upward.

[0287] The end portion of the cathode may be spaced apart
from the organic layer.

[0288] The step alleviation layer may fill a separation
space between the cathode and the organic layer.

[0289] The electroluminescent display device may further
include a reinforcement substrate and a sealing member
having a multilayer structure, disposed on the inorganic
layer.

[0290] The sealing member may include a first adhesive
layer on the step alleviation layer and facing the substrate,
a second adhesive layer facing the reinforcement substrate
and a barrier layer between the first adhesive layer and the
second adhesive layer.

[0291] The inorganic layer may extend to ends of the
sealing member and the reinforcement substrate.

[0292] A side surface of the inorganic layer may be
exposed.
[0293] Although the exemplary embodiments of the pres-

ent disclosure have been described in detail with reference
to the accompanying drawings, the present disclosure is not
limited thereto and may be embodied in many different
forms without departing from the technical concept of the
present disclosure. Therefore, the exemplary embodiments
of the present disclosure are provided for illustrative pur-
poses only but not intended to limit the technical concept of
the present disclosure. The scope of the technical concept of
the present disclosure is not limited thereto. Therefore, it
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should be understood that the above-described exemplary
embodiments are illustrative in all aspects and do not limit
the present disclosure. The protective scope of the present
disclosure should be construed based on the following
claims, and all the technical concepts in the equivalent scope
thereof should be construed as falling within the scope of the
present disclosure.

[0294] Claim language or other language reciting “at least
one of” a set and/or “one or more” of a set indicates that one
member of the set or multiple members of the set (in any
combination) satisfy the claim. For example, claim language
reciting “at least one of A and B” or “at least one of A or B”
means A, B, or A and B. In another example, claim language
reciting “at least one of A, B, and C” or “at least one of A,
B, or C’ means A, B, C, or A and B, or A and C, or B and
C, or A and B and C. The language “at least one of” a set
and/or “one or more” of a set does not limit the set to the
items listed in the set. For example, claim language reciting
“at least one of A and B” or “at least one of A or B” can mean
A, B, or A and B, and can additionally include items not
listed in the set of A and B.

What is claimed is:

1. An electroluminescent display device, comprising:

a substrate including an active area and a non-active area
outside the active area;

a planarization layer over the substrate and extending
from the active area to the non-active area;

a bank on the planarization layer extending to the non-
active area;

an organic layer on the bank;

a cathode on the organic layer;

a capping layer over the cathode;

a trench pattern configured in the non-active area, from
which the capping layer, the cathode, and the organic
layer are removed; and

a step alleviation layer filling the trench pattern and
planarizing an upper portion of the trench pattern,

wherein the capping layer adjacent to the trench pattern is
recessed inwardly compared to the cathode.

2. The electroluminescent display device of claim 1,

wherein the step alleviation layer is implemented as a film.

3. The electroluminescent display device of claim 1,
wherein the step alleviation layer includes getters.

4. The electroluminescent display device of claim 1,
wherein the cathode disposed outside the trench pattern
covers a side surface of the organic layer.

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

an inorganic layer on the step alleviation layer.

6. The electroluminescent display device of claim 5,
wherein the step alleviation layer is disposed in contact with
a portion of an upper surface of the capping layer disposed
outside the trench pattern.

7. The electroluminescent display device of claim 6,
wherein the inorganic layer is disposed in contact with an
upper surface and a side surface of the step alleviation layer,
a portion of the upper surface of the capping layer, and a
portion of an upper surface of the bank.

8. The electroluminescent display device of claim 6,
wherein the inorganic layer is disposed in contact with a
portion of an upper surface and a side surface of the bank
and a portion of an upper surface of the planarization layer.

9. The electroluminescent display device of claim 5,
wherein the step alleviation layer covers the capping layer
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and the cathode disposed outside the trench pattern, and is
disposed in contact with a portion of an upper surface of the
bank extending outwardly of the capping layer and the
cathode.

10. The electroluminescent display device of claim 9,
wherein the inorganic layer is disposed in contact with an
upper surface and a side surface of the step alleviation layer
and another portion of the upper surface of the bank.

11. The electroluminescent display device of claim 5,
wherein the step alleviation layer covers the capping layer,
the cathode, and the bank disposed outside the trench
pattern, while contacting a portion of an upper surface of the
planarization layer extending outwardly of the bank.

12. The electroluminescent display device of claim 11,
wherein the inorganic layer is disposed in contact with an
upper surface and a side surface of the step alleviation layer
and another portion of the upper surface of the planarization
layer.

13. The electroluminescent display device of claim 12,
wherein the inorganic layer extends to the non-active area to
expose a side surface thereof.

14. The electroluminescent display device of claim 1,
wherein an end portion of the cathode disposed adjacent to
the trench pattern has a shape that is lifted or rolled upward.

15. The electroluminescent display device of claim 14,
wherein the end portion of the cathode is spaced apart from
the organic layer.

16. The electroluminescent display device of claim 15,
wherein the step alleviation layer fills a separation space
between the cathode and the organic layer.

17. The electroluminescent display device of claim 5,
further comprising:

a reinforcement substrate and a sealing member having a

multilayer structure, disposed on the inorganic layer.

18. The electroluminescent display device of claim 17,
wherein the sealing member includes,

a first adhesive layer on the step alleviation layer and

facing the substrate;

a second adhesive layer facing the reinforcement sub-

strate; and
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a barrier layer between the first adhesive layer and the
second adhesive layer.

19. The electroluminescent display device of claim 17,
wherein the inorganic layer extends to ends of the sealing
member and the reinforcement substrate.

20. The electroluminescent display device of claim 19,
wherein a side surface of the inorganic layer is exposed.

21. An electroluminescent display device, comprising:

a substrate including an active area and a non-active area
outside the active area;

a planarization layer over the substrate and extending
from the active area to the non-active area;

an organic layer on the planarization layer;

a cathode on the organic layer;

a capping layer over the cathode;

a trench pattern configured in the non-active area, from
which the capping layer, the cathode, and the organic
layer are removed;

a step alleviation layer filling the trench pattern; and

an inorganic layer that covers the step alleviation layer,

wherein the capping layer adjacent to the trench pattern is
recessed inwardly compared to the cathode.

22. The electroluminescent display device of claim 21,

further comprising:

a sealing member having two ends;

a bank on the planarization layer, wherein

the organic layer is on the bank, and

the inorganic layer extends from one of the two ends to
another one of the two ends and covers the bank and the
sealing member.

23. The electroluminescent display device of claim 21,
wherein the step alleviation layer engulfs the capping layer
and the cathode.

24. The electroluminescent display device of claim 21,
wherein the step alleviation layer engulfs the capping layer,
the cathode, a bank on the planarization layer, and the
planarization layer.

25. The electroluminescent display device of claim 24,
wherein the inorganic layer extends to cover the bank
between two ends of a sealing member.
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