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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/847.879, filed on Dec. 19, 2017,
which claims priority to and the benefit of Korean Patent
Application No. 10-2017-0034710, filed on Mar. 20, 2017,
the entire content of all of which is incorporated herein by
reference.

BACKGROUND

Field

[0002] The invention relates generally to a display device
having an integrated touch screen display, and, more par-
ticularly, to a display device with an integrated touch display
including a thin film encapsulation structure.

Discussion of the Background

[0003] Among various types of display devices, a display
device using a self-luminous element generally has a fast
response speed and can display a moving picture. Also, since
a self-luminous element emits light by itself, a display
device including a self-luminous element has a wide view-
ing angle and can achieve high luminance. Thus, a display
device including a self-luminous element has been in the
spotlight as a next-generation display device.

[0004] An electroluminescent unit using a self-luminous
element typically includes a pixel electrode, an opposing
electrode, and an electroluminescent layer interposed
between the pixel electrode and the opposing electrode.
However, an electroluminescent unit is generally very sen-
sitive to moisture, oxygen, and the like. For example, when
the electroluminescent unit contacts moisture, oxygen, and
the like, display quality may be deteriorated due to damage
to the electroluminescent unit. Therefore, a thin film encap-
sulation structure is typically used as a sealing process for
blocking external moisture, oxygen, and/and the like from
entering the electroluminescent layer of the electrolumines-
cent unit.

[0005] Meanwhile, recent consumer demands often
require display devices to be flexible and bendable and have
an input unit capable of receiving a user’s command, such
as a touch screen panel, in addition to an output function for
displaying an image.

[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concepts, and, therefore, it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0007] Applicants have discovered that integrating a touch
panel in a display device having flexible films instead of
upper and lower substrate can result in deterioration of the
thin film encapsulating structure, which can produce corre-
sponding deterioration of display quality. Display devices
constructed according to the principles of the invention are
capable of easily integrating a touch panel on a thin film
encapsulation structure and minimizing the risk of deterio-
ration of encapsulating structures that protect the light
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emitting unit. Therefore, display quality may increase. In
one particularly advantageous design, the encapsulation
structure may be formed by a flexible encapsulation multi-
layer with direct bonding between inorganic materials.

[0008] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent
from the disclosure or may be learned by practice of the
inventive concepts.

[0009] Aspects of the present disclosure provide a display
device in which a touch panel is easily integrated on a thin
film encapsulation structure without a substantial deteriora-
tion of encapsulating characteristics of the thin film encap-
sulation structure.

[0010] According to one aspect of the invention, an elec-
troluminescent device may comprise a lower structure, a
flexible encapsulation multilayer, and a touch panel. The
lower structure may have an emission area and a peripheral
area surrounding the emission area. The lower structure may
comprise an insulation film and an electroluminescent unit
having a lower electrode disposed on the insulation film, an
intermediate film disposed on the lower electrode, and an
upper electrode disposed on the intermediate film. The
flexible encapsulation multilayer may be disposed on the
emission area and the peripheral area of the lower structure.
The flexible encapsulation multilayer may include at least
three layers. The touch panel may be disposed on the flexible
encapsulation multilayer. The touch panel may have a touch
electrode. The peripheral area may include a lower electrode
power supply terminal, a lower electrode power supply wire
electrically connecting the lower electrode to the lower
electrode power supply terminal, an upper electrode power
supply terminal, an upper electrode power supply wire
electrically connecting the upper electrode to the upper
electrode power terminal, a touch terminal, and a touch wire
electrically connecting the touch electrode to the touch
terminal. The flexible encapsulation multilayer may include
a lower surface comprising only one or more inorganic
materials. The peripheral area may include an inorganic
surface portion substantially surrounding the emission area
and disposed outside the upper electrode in a plan view. The
inorganic surface portion may comprise only one or more
inorganic materials. An entire of the inorganic surface
portion may directly contact the lower surface of the flexible
encapsulation multilayer. The lower structure may include a
lower encapsulating inorganic film horizontally expanding
below a surface of the lower structure to vertically corre-
spond to the emission area and the peripheral area. A portion
of the lower structure disposed between the lower encapsu-
lating inorganic film and the entire of the inorganic surface
portion may comprise only one or more inorganic materials.
The touch wire may comprise a first portion overlapping the
lower electrode power supply wire and a second portion
overlapping the upper electrode power supply wire. The
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.

[0011] In exemplary embodiments of the invention, the
touch wire further may comprise a third portion overlapping
the upper electrode power supply wire. The first portion of
the touch wire may be disposed between the second and
third portions of the touch wire.

[0012] In exemplary embodiments of the invention, the
third portion of the touch wire may overlap an end portion
of the upper electrode power supply wire.
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[0013] In exemplary embodiments of the invention, at
least one of the lower electrode power supply terminals, at
least one of the touch terminals, and at least one of the upper
electrode power supply terminals may be disposed in a
terminal area of the peripheral area and may have substan-
tially the same heights to be electrically connected to one
external circuit board.

[0014] In exemplary embodiments of the invention, the at
least one of the touch terminals may be disposed between the
at least one of the lower electrode power supply terminals
and the at least one of the upper electrode power supply
terminals.

[0015] In exemplary embodiments of the invention, the
peripheral area may include a bendable area extending
between the emission area and the terminal area. The touch
wire may not overlap the lower electrode power supply wire
and the upper electrode power supply wire in the bendable
area.

[0016] In exemplary embodiments of the invention, a size
of the touch terminal may be relatively less than a size of the
lower electrode power supply terminal or a size of the upper
electrode power supply terminal.

[0017] In exemplary embodiments of the invention, at
least one of the lower electrode power supply terminal and
the upper electrode power supply terminal may be disposed
in a power terminal area of the peripheral area and electri-
cally connected to a first external circuit board. The touch
terminal may be disposed in a touch terminal area of the
peripheral area and electrically connected to a second exter-
nal circuit board. The power terminal area and the touch
terminal area may be disposed at a side of the lower structure
and do not overlap each other in a plan view. The first
external circuit board and the second external circuit board
may be disposed at the side of the lower structure and do not
overlap each other in a plan view. A direction in which the
first external circuit board is attached to the at least one of
the lower electrode power supply terminal and the upper
electrode power supply terminal may be the same as a
direction in which the second external circuit board is
attached to the touch terminal. The flexible encapsulation
multilayer may include a first inorganic layer, an organic
layer disposed on the first inorganic layer, and a second
inorganic layer disposed on the organic layer. The touch
terminal area may not overlap the organic layer in a plan
view.

[0018] In exemplary embodiments of the invention, at
least one of the lower electrode power supply terminal and
the upper electrode power supply terminal may be disposed
in a power terminal area of the peripheral area to be
electrically connected to a first external circuit board. The
touch terminal may be disposed in a touch terminal area of
the peripheral area to be electrically connected to a second
external circuit board. The power terminal area and the
touch terminal area may be disposed at a side of the lower
structure and may not overlap each other in a plan view. The
first external circuit board and the second external circuit
board may be disposed at the side of the lower structure and
may not overlap each other in a plan view. A direction in
which the first external circuit board is attached to the at
least one of the lower electrode power supply terminal and
the upper electrode power supply terminal may be opposite
to a direction in which the second external circuit board is
attached to the touch terminal. The flexible encapsulation
multilayer may include a first inorganic layer, an organic
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layer disposed on the first inorganic layer, and a second
inorganic layer disposed on the organic layer. The touch
terminal area may not overlap the organic layer in a plan
view.

[0019] According to another aspect of the invention, an
electroluminescent device may comprise a lower structure,
a flexible encapsulation multilayer, and a touch panel. The
lower structure may have an emission area and a peripheral
area surrounding the emission area. The lower structure may
comprise an insulation film and an electroluminescent unit
having a lower electrode disposed on the insulation film, an
intermediate film disposed on the lower electrode, and an
upper electrode disposed on the intermediate film. The
flexible encapsulation multilayer may be disposed on the
emission area and the peripheral area of the lower structure.
The flexible encapsulation multilayer may include at least
three layers. The touch panel may be disposed on the flexible
encapsulation multilayer. and may have a touch electrode.
The peripheral area may include a lower electrode power
supply terminal, a lower electrode power supply wire elec-
trically connecting the lower electrode to the lower electrode
power supply terminal, an upper electrode power supply
terminal, an upper electrode power supply wire electrically
connecting the upper electrode to the upper electrode power
terminal, a touch terminal, and a touch wire electrically
connecting the touch electrode to the touch terminal. The
flexible encapsulation multilayer may include a lower sur-
face comprising only one or more inorganic materials. The
peripheral area may include an inorganic surface portion
substantially surrounding the emission area, disposed out-
side the upper electrode in a plan view, and comprising only
one or more inorganic materials. An entire of the inorganic
surface portion may directly contact the lower surface of the
flexible encapsulation multilayer. The lower structure may
include a lower encapsulating inorganic film horizontally
expanding below a surface of the lower structure to verti-
cally correspond to the emission area and the peripheral
area. A portion of the lower structure disposed between the
lower encapsulating inorganic film and the entire of the
inorganic surface portion may comprise only one or more
inorganic materials. The touch wire may comprise a first
portion overlapping the lower electrode power supply wire
and a second portion overlapping the upper electrode power
supply wire. The upper electrode power supply wire may
include an auxiliary upper electrode extending along a
periphery of the emission area and may have a top surface
electrically facing a bottom surface of the upper electrode to
electrically communicate with the bottom surface of the
upper electrode. The lower structure may further comprise a
peripheral circuit disposed under the auxiliary upper elec-
trode in the peripheral area. A portion of the touch wire may
extend substantially along the periphery of the emission area
and may overlap both the auxiliary upper electrode and the
peripheral circuit.

[0020] In exemplary embodiments of the invention, the
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.

[0021] In exemplary embodiments of the invention,
widths of the portions of the touch wires may decrease in a
direction away from the emission area.

[0022] In exemplary embodiments of the invention, the
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.
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[0023] In exemplary embodiments of the invention, the
peripheral area further may include an auxiliary touch wire
electrically connected to the touch wire and overlapping the
portion of the touch wire.

[0024] In exemplary embodiments of the invention, the
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.

[0025] In exemplary embodiments of the invention, at
least one of the lower electrode power supply terminals, at
least one of the touch terminals, and at least one of the upper
electrode power supply terminals may be disposed in a
terminal area of the peripheral area. The peripheral area may
include a bendable area extending between the emission area
and the terminal area. At least one of the lower electrode
power supply wire, the upper electrode power supply wire,
and the touch wire may include a conductive bridge for
transmitting an electrical signal through the bendable area.
The conductive bridge may be formed in a different layer
from at least a portion of the rest of the at least one of the
lower electrode power supply wire, the upper electrode
power supply wire, and the touch wire.

[0026] In exemplary embodiments of the invention, the
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.

[0027] According to still another aspect of the invention,
an electroluminescent device may comprise a lower struc-
ture, a flexible encapsulation multilayer, and a touch panel.
The lower structure may have an emission area and a
peripheral area surrounding the emission area. The lower
structure may comprise an insulation film and an electrolu-
minescent unit having a lower electrode disposed on the
insulation film, an intermediate film disposed on the lower
electrode, and an upper electrode disposed on the interme-
diate film. The flexible encapsulation multilayer may be
disposed on the emission area and the peripheral area of the
lower structure, and may include at least three layers. The
touch panel may be disposed on the flexible encapsulation
multilayer, and may have a touch electrode. The peripheral
area may include a lower electrode power supply terminal,
a lower electrode power supply wire electrically connecting
the lower electrode to the lower electrode power supply
terminal, an upper electrode power supply terminal, an
upper electrode power supply wire electrically connecting
the upper electrode to the upper electrode power terminal, a
touch terminal, and a touch wire electrically connecting the
touch electrode to the touch terminal. The flexible encapsu-
lation multilayer may include a lower surface comprising
only one or more inorganic materials. The peripheral area
may include an inorganic surface portion substantially sur-
rounding the emission area, disposed outside the upper
electrode in a plan view, and comprising only one or more
inorganic materials. An entire of the inorganic surface
portion may directly contact the lower surface of the flexible
encapsulation multilayer. The lower structure may include a
lower encapsulating inorganic film horizontally expanding
below a surface of the lower structure to vertically corre-
spond to the emission area and the peripheral area. A portion
of the lower structure disposed between the lower encapsu-
lating inorganic film and the entire of the inorganic surface
portion may comprise only one or more inorganic materials.
The touch wire may comprise a first portion overlapping the
lower electrode power supply wire and a second portion
overlapping the upper electrode power supply wire. The
lower electrode may be disposed on a top surface of the
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insulation film, and the entire of the inorganic surface
portion may be disposed to be relatively lower than the top
surface of the insulation film. The inorganic surface portion
may have at least a region including a plurality of inorganic
surface branches which are spaced apart from each other.
The peripheral area may further include an organic surface
portion disposed between the inorganic surface branches.
The organic surface portion may comprise an organic mate-
rial. The organic surface portion may substantially surround
the emission area. The organic surface portion may be
substantially surrounded in a plan view by a direct contact
interface between the inorganic surface portion and the
lower surface of the flexible encapsulation multilayer. The
inorganic surface branches may include an outer inorganic
surface branch disposed relatively outer than the organic
surface portion and an inner inorganic surface branch dis-
posed relatively inner than the organic surface portion. The
upper electrode power supply wire may comprise a bus wire
extending on a top surface of the inorganic insulating film
along a periphery of the emission area and an auxiliary upper
electrode which extends on side and top surfaces of the
insulation film along the periphery of the emission area. The
auxiliary upper electrode may have a bottom surface elec-
trically facing a top surface of the bus wire to electrically
communicate with the top surface of the bus wire and a top
surface electrically facing a bottom surface of the upper
electrode to electrically communicate with the bottom sur-
face of the upper electrode. The inner inorganic surface
branch may include at least a portion of a top surface of the
auxiliary upper electrode to have a height relatively greater
than a height of the outer inorganic surface branch. A portion
of a surface of the bus wire may directly contact the lower
surface of the flexible encapsulation multilayer. The portion
of the surface of the bus wire may be relatively farther than
the organic surface portion from the emission area.

[0028] In exemplary embodiments of the invention, the
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.

[0029] In exemplary embodiments of the invention, the
inorganic surface portion may include at least two stepped
surface portions each including a top surface portion of the
inorganic insulating film, a side surface portion of the bus
wire, and a top surface portion of the bus wire. The bus wire
may have an outer edge portion and an inner edge portion
opposite to the outer edge portion. The outer edge portion of
the bus wire may be relatively farther than the inner edge
portion of the bus wire from the emission area. The outer
edge portion of the bus wire may be disposed under the
bottom surface of the flexible encapsulation multilayer. The
outer edge portion of the bus wire may not be in direct
contact with the bottom surface of the flexible encapsulation
multilayer.

[0030] In exemplary embodiments of the invention, the
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.

[0031] In exemplary embodiments of the invention, the
inorganic surface portion may further include at least two
stepped surface portions each including a top surface portion
of the inorganic insulating film, a side surface portion of the
auxiliary upper electrode, and a top surface portion of the
auxiliary upper electrode. The auxiliary upper electrode may
have an outer edge portion and an inner edge portion
opposite to the outer edge portion. The outer edge portion of
the auxiliary upper electrode may be relatively farther than
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the inner edge portion of the auxiliary upper electrode from
the emission area. The outer edge portion of the auxiliary
upper electrode may be disposed under the bottom surface of
the flexible encapsulation multilayer. The outer edge portion
of the auxiliary upper electrode may not be in direct contact
with the bottom surface of the flexible encapsulation mul-
tilayer.

[0032] In exemplary embodiments of the invention, the
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.

[0033] In exemplary embodiments of the invention, the
inorganic surface portion may further include at least two
stepped surface portions each including a top surface portion
of the bus wire, a side surface portion of the auxiliary upper
electrode, and a top surface portion of the auxiliary upper
electrode. The auxiliary upper electrode may have an outer
edge portion and an inner edge portion opposite to the outer
edge portion. The outer edge portion of the auxiliary upper
electrode may be relatively farther than the inner edge
portion of the auxiliary upper electrode from the emission
area. The outer edge portion of the auxiliary upper electrode
may be disposed under the bottom surface of the flexible
encapsulation multilayer. The outer edge portion of the
auxiliary upper electrode may not be in direct contact with
the bottom surface of the flexible encapsulation multilayer.

[0034] In exemplary embodiments of the invention, the
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.

[0035] In exemplary embodiments of the invention, the
inorganic surface portion may further include at least two
stepped surface portions each including a top surface portion
of the inorganic insulating film, a side surface portion of the
auxiliary upper electrode, and a top surface portion of the
auxiliary upper electrode. The inorganic surface portion may
further include at least two stepped surface portions each
including a top surface portion of the bus wire, a side surface
portion of the auxiliary upper electrode, and a top surface
portion of the auxiliary upper electrode. The auxiliary upper
electrode may have an outer edge portion and an inner edge
portion opposite to the outer edge portion. The outer edge
portion of the auxiliary upper electrode may be relatively
farther than the inner edge portion of the auxiliary upper
electrode from the emission area. The outer edge portion of
the auxiliary upper electrode may be disposed under the
bottom surface of the flexible encapsulation multilayer. The
outer edge portion of the auxiliary upper electrode may not
be in direct contact with the bottom surface of the flexible
encapsulation multilayer.

[0036] In exemplary embodiments of the invention, the
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.

[0037] In exemplary embodiments of the invention, the
portion of the surface of the bus wire, which directly
contacts the lower surface of the flexible encapsulation
multilayer, may be included in the outer inorganic surface
branch.

[0038] In exemplary embodiments of the invention, the
electroluminescent device may be capable of being flexed,
bent, folded, rolled, or stretched by an end user.

[0039] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The accompanying drawings, which are included
to provide a further understanding of the inventive concepts,
and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the inventive
concepts, and, together with the description, serve to explain
principles of the inventive concepts.

[0041] FIG. 1is a plan view of an exemplary embodiment
of a display device constructed according to the principles of
the invention.

[0042] FIG. 2 is a plan view of an exemplary embodiment
of a display device constructed according to the principles of
the invention.

[0043] FIG. 3 is a plan view of a touch panel of FIG. 2.
[0044] FIG. 4isa cross-sectional view taken along line I-I'
of FIGS. 1 and 2.

[0045] FIG. 5 is a schematic view showing an exemplary
embodiment of a display device constructed according to the
principles of the invention.

[0046] FIG. 6 is an enlarged view of portion “A” of FIG.
5.

[0047] FIG. 7 is an enlarged view of area “B” of FIG. 5.
[0048] FIG. 8 is an enlarged view of area “C” of FIG. 5.
[0049] FIG. 9 is a schematic view showing an exemplary
embodiment of a display device constructed according to the
principles of the invention.

[0050] FIG. 10 is a schematic view illustrating an inor-
ganic surface portion of FIG. 9.

[0051] FIG. 11 is a schematic view showing an exemplary
embodiment of a display device constructed according to the
principles of the invention.

[0052] FIG. 12 is a schematic view showing an exemplary
embodiment of a display device constructed according to the
principles of the invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0053] 1In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments.

[0054] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0055] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred
to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. For the purposes of
this disclosure, “at least one of X, Y, and Z” and “at least one
selected from the group consisting of X, Y, and Z” may be
construed as X only, Y only, Z only, or any combination of
two ormore of X, Y, and 7, suchas XYZ, XYY, YZ,and 77.
Like numbers refer to like elements throughout. As used
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herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0056] Although the terms first, second, etc. may be used
herein to describe various elements, components, regions,
layers, and/or sections, these elements, components, regions,
layers, and/or sections should not be limited by these terms.
These terms are used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element,
component, region, layer, and/or section discussed below
could be termed a second element, component, region, layer,
and/or section without departing from the teachings of the
present disclosure.

[0057] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one element or feature’s relationship to another
element(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or manu-
facture in addition to the orientation depicted in the draw-
ings. For example, if the apparatus in the drawings is turned
over, elements described as “below” or “beneath” other
elements or features would then be oriented “above” the
other elements or features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. Furthermore, the apparatus may be otherwise ori-
ented (e.g., rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

[0058] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0059] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, exemplary embodiments disclosed herein
should not be construed as limited to the particular illus-
trated shapes of regions, but are to include deviations in
shapes that result from, for instance, manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient
of implant concentration at its edges rather than a binary
change from implanted to non-implanted region. Likewise,
a buried region formed by implantation may result in some
implantation in the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated in the drawings are schematic in
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not intended to
be limiting.
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[0060] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0061] As used herein, the term of “comprising only an
inorganic material” means that it comprises only one or
more inorganic materials, but it does not mean that it
comprises only one inorganic material.

[0062] Also, the term of “comprising only an organic
material” means that it comprises only one or more organic
materials, but it does not mean that it comprises only one
organic material. The term of ““element” portion” means at
least a portion of the entire ‘element.” For example, the
claimed term of “an inorganic surface portion” means at
least a portion of the entire inorganic surface. Counting the
number of ‘element’ portions is possible when the ‘element’
portions are separated from each other in a plan view such
that merging the ‘element’ portions into one ‘element’
portion is not possible.

[0063] In embodiments of the present disclosure, the term
of “surrounding” or “substantially surrounding” includes not
only contiguously surrounding but also discontiguously sur-
rounding. The term of “contiguously” is substantially the
same as the term of “continuously.” The term of “discon-
tiguously” is substantially the same as the term of “discon-
tinuously.”

[0064] Hereinafter, various examples (exemplary embodi-
ments) will be described with reference to the accompanying
drawings.

[0065] FIG. 11is a plan view of an exemplary embodiment
of a display device constructed according to the principles of
the invention. FIG. 2 is a plan view of an exemplary
embodiment of a display device constructed according to the
principles of the invention. FIG. 3 is a plan view of a touch
panel of FIG. 2. FIG. 4 is a cross-sectional view taken along
line I-I' of FIGS. 1 and 2.

[0066] Referring to FIGS. 1 to 4, each display device 1000
and 1000_g includes a substrate 101, a pixel thin film
transistor (PC-TFT) array formed on the substrate 101, an
electroluminescent unit EU, and a flexible encapsulation
multilayer 200 for encapsulating the electroluminescent unit
EU.

[0067] The substrate 101 may support the entire display
device 1000 and 1000_g and maintain rigidity. The substrate
101 may comprise a transparent insulating material and may
have a substantially flat top surface. For example, the
substrate 101 may comprise glass. However, the inventive
concepts are not limited thereto and the substrate 101 may
comprise a plastic material, such as polyethersulphone
(PES), polyacrylate (PAR), and the like. Alternatively, the
substrate 101 may comprise an opaque material, such as
metal or carbon fiber. In order to construct a flexible display
device, the substrate 101 may comprise a flexible plastic
material, such as a polyimide (PI) film.

[0068] The substrate 101 is divided into a display area DA
and a peripheral area PA1 to PA4 around the display area
DA. The display area DA may display an image and is
disposed at the center of the substrate 101. The peripheral
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area PA1 to PA4 may not display an image and is disposed
at the edge of the substrate 101 to surround the display area
DA.

[0069] The peripheral area includes a first peripheral area
PA1, a second peripheral area PA2, a third peripheral area
PA3, and a fourth peripheral area PA4. More specifically, as
shown in FIGS. 1 and 2, a direction extending rightward is
defined as a first direction x1, a direction extending leftward
is defined as a second direction x2, a direction extending
upward is defined as a third direction y1, and a direction
extending downward is defined as a fourth direction y2. The
first direction x1 and the second direction x2 may be
opposite to each other. The third direction y1 and the fourth
direction y2 may be opposite to each other. One of the first
direction x1 and the second direction x2 and one of the third
direction y1 and the fourth direction y2 may be perpendicu-
lar to each other.

[0070] The first peripheral area PA1 is disposed adjacent
to the outside of a lower structure 100 in the first direction
x1. The second peripheral area PA2 is disposed adjacent to
the outside of the lower structure 100 in the second direction
x2. The third peripheral area PA3 is disposed adjacent to the
outside of the lower structure 100 in the third direction y1.
The fourth peripheral area PA4 is disposed adjacent to the
outside of the lower structure 100 in the fourth direction y2.
[0071] In the display area DA, a plurality of electrolumi-
nescent units EU, which emit light for displaying an image
are disposed for respective pixels. In the first to fourth
peripheral areas PA1, PA2, PA3, and PA4, an upper electrode
power supply wire 901 is formed to apply an electric signal
or power to an upper electrode 191 of the electroluminescent
unit EU. The upper electrode power supply wire 901
includes a bus wire 155 and an auxiliary upper electrode
172. Hereinafter, components disposed in the display area
DA and the first to fourth peripheral areas PA1, PA2, PA3,
and PA4 will be described in the order in which they may be
sequentially formed on the substrate 101.

[0072] A buffer film 111 is formed on the substrate 101.
The buffer film 111 may make the upper surface of the
substrate 101 smooth and may block the penetration of
impurities. The buffer film 111 may be a multilayer or a
single layer and may comprise an inorganic material.
Examples of the inorganic material may comprise silicon
oxide (SiOx), silicon oxynitride, silicon nitride (SiNx), and
a combination thereof. The buffer film 111 may be formed by
various deposition methods. The buffer film 111 may be
omitted if desired.

[0073] A pixel circuit C1 is formed on the buffer film 111.
The pixel circuit C1 includes at least one pixel thin film
transistor (PC-TFT). The pixel thin film transistor (PC-TFT)
is electrically connected to the electroluminescent unit EU to
drive the electroluminescent unit EU. The pixel circuit C1
may further include at least one capacitor.

[0074] The pixel thin film transistor (PC-TFT) is a top gate
type TFT in which an active layer 112, a gate electrode 131,
a source electrode 156a, and a drain electrode 1565 are
sequentially formed. However, the inventive concepts are
not limited thereto and various types of pixel thin film
transistors (PC-TFTs), such as a bottom gate type, may be
employed.

[0075] The active layer 112 is formed on the buffer film
111. The active layer 112 includes a semiconductor material.
Examples of the semiconductor material may include amor-
phous silicon or poly crystalline silicon. However, the
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inventive concepts are not limited thereto and the active
layer 112 may comprise an oxide semiconductor material.
Examples of the oxide semiconductor material may include
G-1-Z-0O [(In203),(Ga203),(Zn0),] (a, b, and ¢ are real
numbers satisfying the conditions of a=0, b=0, c=0, respec-
tively). The active layer 112 may include, in addition to
GIZ0, an oxide of a material selected from among 12-, 13-,
and 14-group metallic elements, such as zinc (Zn), indium
(In), gallium (Ga), tin (Sn), cadmium (Cd), germanium (Ge),
and hafhium (Hf), or a combination thereof. The active layer
112 includes a source region 112a and a drain region 112¢
in contact with the source electrode 156a and the drain
electrode 1565, respectively. The active layer 112 includes a
channel region 1125 disposed between the source region
112a and the drain region 112¢. When the active layer 112
includes amorphous silicon or polycrystalline silicon, the
source region 112a and the drain region 112¢ may be doped
with impurities, if necessary.

[0076] A gate insulating film 121 is formed on the active
layer 112. The gate insulating film 121 may be a multilayer
or a single layer and may comprise an inorganic material,
such as silicon oxide, silicon oxynitride, and/or silicon
nitride. The gate insulating film 121 may insulate the active
layer 112 from the gate electrode 131.

[0077] The gate electrode 131 is formed on the gate
insulating film 121. The gate electrode 131 is connected to
a gate line (not shown) for applying an on/off signal to the
pixel thin film transistor (PC-TFT). The gate electrode 131
may comprise a metal material having a relatively low
resistance. The gate electrode 131 may be a multilayer or a
single layer and may comprise a conductive material.
Examples of the conductive material may include molyb-
denum (Mo), aluminum (Al), copper (Cu), titanium (Ti), and
the like.

[0078] An interlayer insulating film 141 is formed on the
gate electrode 131. The interlayer insulating film 141 may
insulate the gate electrode 131 from the source and drain
electrodes 156a and 1565. The interlayer insulating film 141
may be a multilayer or a single layer and may comprise an
inorganic material, such as a metal oxide and a metal nitride.
Specific examples of the inorganic material may include
silicon oxide (Si0,), silicon nitride (SiNx), silicon oxyni-
tride (SiON), aluminum oxide (AL,O;), titanium oxide
(Ti0,), tantalum oxide (Ta,O;), hafnium oxide (HfO,), zinc
oxide (ZrO,), or a combination thereof.

[0079] The source electrode 156a and the drain electrode
1565 are formed on the interlayer insulating film 141. The
source electrode 1564 and the drain electrode 1565 are in
contact with the source region 112¢ and the drain region
112¢ of the active layer 112, respectively, through contact
holes formed through the gate insulating film 121 and the
interlayer insulating film 141.

[0080] A planarization film 161 is formed on the pixel thin
film transistor (PC-TFT). The planarization film 161 may be
a single layer or a multilayer and may comprise an organic
material. The organic material may be a general purpose
polymer. Examples of the general purpose polymer may
comprise polymethylmethacrylate (PMMA), polystyrene
(PS), a polymer derivative having a phenol group, an acrylic
polymer, an imide polymer, an arylether polymer, an amide
polymer, a fluorine polymer, a p-xylene polymer, a vinyl
alcohol polymer, or a combination thereof. The planarization
film 161 may reduce or eliminate a step caused by the pixel
thin film transistor (PC-TFT) array and makes the top
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surface substantially flat, thereby preventing or minimizing
the occurrence of defects in the electroluminescent unit EU
due to unevenness at its bottom portion. Further, the pla-
narization film 161 may function as an insulating film that
blocks electrical connection between the components sepa-
rated by the planarization film 161.

[0081] The electroluminescent unit EU is formed on a
portion of the upper surface of the planarization film 161
corresponding to the display area DA. The electrolumines-
cent unit EU includes a lower electrode 171 formed on the
planarization film 161, the upper electrode 191 facing the
lower electrode 171, and an electroluminescent layer EL
interposed between the lower and upper electrodes 171 and
191. The electroluminescent layer EL may include an
organic material. The display devices 1000 and 1000_a may
be classified into a bottom emission type, a top emission
type, and a dual emission type according to the emission
direction of the electroluminescent unit EU. In the bottom
emission type, the lower electrode 171 is provided as a
transparent or semi-transparent electrode for transmitting
light and the upper electrode 191 is provided as a reflective
electrode for reflecting light. In the top emission type, the
lower electrode 171 is provided as a reflective electrode and
the upper electrode 191 is provided as a transparent or
semi-transparent electrode. In the dual emission type, both
of the lower electrode 171 and the upper electrode 191 may
be transparent or semi-transparent electrodes.

[0082] When the lower electrode 171 functions as an
anode, the lower electrode 171 may include a conductive
material having a relatively high work function. Examples
of the conductive material may comprise indium tin oxide
(ITO), indium zinc oxide (IZ0), zinc oxide (ZnO), indium
oxide (In203), indium gallium oxide (IGO), aluminum zinc
oxide (AZO), or a combination thereof. The lower electrode
171 may be patterned into an island shape corresponding to
each pixel. Further, the lower electrode 171 may be con-
nected to the drain electrode 1565 of the pixel TFT (PC-
TFT) to receive a current.

[0083] Meanwhile, a pixel defining layer (PDL) 181 is
formed on the lower electrode 171 and covers the lower
electrode 171. The pixel defining layer 181 may comprise
one or more organic insulating materials. Examples of the
one or more organic insulating materials may comprise
polyimide, polyamide, acrylic resin, benzocyclobutene, phe-
nol resin, or a combination thereof. The pixel defining layer
181 may be formed by a spin coating method, and the like.
A predetermined opening for defining a pixel is formed on
the pixel defining layer 181. The electroluminescent layer
EL is formed at least in a region defined by the opening. In
some exemplary embodiments, the pixel defining layer 181
is used to form a light emitting layer by a solution technique,
such as an ink jet and nozzle printing method, and includes
a partition having a relatively high height.

[0084] The electroluminescent layer EL may include a low
molecular organic material or a polymer organic material
that emits red, green, or blue light. A hole transport layer
(HTL) and/or a hole injection layer (HIL) may be disposed
between the electroluminescent layer EL and the lower
electrode 171. Further, an electron transport layer (ETL)
and/or an electron injection layer (EIL) may be disposed
between the electroluminescent layer EL and the upper
electrode 191. Various layers other than the hole injection
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layer (HIL), the hole transport layer (HTL), the electron
transport layer (ETL), and the electron injection layer (EIL)
may be stacked as needed.

[0085] Although the electroluminescent layer EL is
described as being formed for each pixel such that red,
green, and blue light may be emitted individually from each
pixel and a pixel group for emitting red, green, and blue light
may form one unit pixel, however, the inventive concepts
are not limited thereto and, thus, the electroluminescent
layer EL may be formed in common throughout the pixel.
For example, a plurality of electroluminescent layers EL
emitting red, green, and blue light may be vertically stacked
or mixed to form white light. The combination of colors for
emitting white light is not limited thereto. In this case, a
color conversion layer or a color filter for converting the
emitted white light into a predetermined color may be
separately provided.

[0086] The upper electrode 191 may comprise a conduc-
tive inorganic material. When the upper electrode 191
functions as a cathode, the upper electrode 191 may com-
prise Al, Mg, Ag, and the like having a relatively small work
function. The upper electrode 191 may be formed as a
common electrode over the entire display area DA. In this
case, the upper electrode 191 may be formed by an evapo-
ration process that does not damage the electroluminescent
layer EL. The polarities of the lower electrode 171 and the
upper electrode 191 may be opposite to each other.

[0087] The upper electrode 191 may be connected to the
upper electrode power supply wire 901 disposed in the first
to fourth peripheral areas PA1, PA2, PA3, and PA4 to receive
an electrical signal or power. The upper electrode power
supply wire 901 includes the bus wire 155 and the auxiliary
upper electrode 172,

[0088] The bus wire 155 applies the electric signal or
power supplied from the outside to the upper electrode 191.
Therefore, the bus wire 155 comprises a conductive inor-
ganic material through which a current may flow easily and
may be formed to have a single layer or a multilayer
structure. Examples of the conductive inorganic material
may comprise aluminum (Al), platinum (Pt), palladium
(Pd), silver (Ag), magnesium (Mg), gold (Au), nickel (Ni),
neodymium (Nd), iridium (Jr), chromium (Cr), calcium
(Ca), molybdenum (Mo), titanium (T1), tungsten (W), cop-
per (Cu), or a combination thereof. The bus wire 155 is
formed on the interlayer insulating film 141. The bus wire
155 may be formed at the same time when the source
electrode 1564 and the drain electrode 1565 of the pixel thin
film transistor (PC-TFT) are formed. In this case, the bus
wire 155 may comprise the same conductive inorganic
material as the source electrode 1564 and the drain electrode
1566.

[0089] The bus wire 155 should be electrically connected
to the upper electrode 191. However, the bus wire 155 and
the upper electrode 191 are spaced apart from each other
because the bus wire 155 and the upper electrode 191 are
formed on different layers. Therefore, the auxiliary upper
electrode 172 may electrically connect the bus wire 155 and
the upper electrode 191.

[0090] The auxiliary upper electrode 172 is in contact with
the bus wire 155 and the upper electrode 191 to transmit the
electric signal or power supplied from the bus wire 155 to
the upper electrode 191. The auxiliary upper electrode 172
may function as a bridge, or a link. Therefore, the auxiliary
upper electrode 172 comprises a conductive inorganic mate-
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rial through which a current may flow easily and may be
formed to have a single layer or a multilayer structure.
Examples of the conductive inorganic material may com-
prise aluminum (Al), platinum (Pt), palladium (Pd), silver
(Ag), magnesium (Mg), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Jr), chromium (Cr), calcium (Ca), molybde-
num (Mo), titanium (Ti), tungsten (W), copper (Cu), or a
combination thereof. The side surfaces of the planarization
film 161 are disposed in the first to fourth peripheral areas
PA1, PA2, PA3, and PA4. The auxiliary upper electrode 172
is disposed along the side surfaces and the upper surface of
the planarization film 161. According to an exemplary
embodiment, the auxiliary upper electrode 172 may be
formed together with the lower electrode 171 by using the
same material as the lower electrode 171.

[0091] The auxiliary upper electrode 172 may extend
along the periphery of the display area DA. Specifically, the
auxiliary upper electrode 172 has a shape surrounding or
substantially surrounding the display area DA in the first to
fourth peripheral areas PA1, PA2, PA3, and PA4 to prevent
a dynamic voltage (IR) drop. As used herein, the term of
“surrounding” is synonymous with “substantially surround-
ing” with respect to the shape of the auxiliary upper elec-
trode 172 and refers to completely surrounding or partially
surrounding, provided the configuration prevents or signifi-
cantly reduces an IR drop. In order to increase the contact
area between the auxiliary upper electrode 172 and the bus
wire 155, the bus wire 155 may also extend along the
periphery of the display area DA in the first to fourth
peripheral areas PA1, PA2, PA3, and PA4. Specifically, the
bus wire 155 may have a shape substantially surrounding the
display area DA in the first to fourth peripheral areas PA1,
PA2, PA3, and PA4.

[0092] The flexible encapsulation multilayer 200 is
formed over the entire surface of the substrate 101 to cover
all of the display area DA and the first to fourth peripheral
areas PA1, PA2, PA3, and PA4. Alternatively, the flexible
encapsulation multilayer 200 may be formed on the sub-
strate 101 and cover all of the display area DA and at least
a part of the first to fourth peripheral areas PA1, PA2, PA3,
and PA4. The flexible encapsulation multilayer 200 protects
the electroluminescent unit EU from external moisture,
oxygen, and the like. The flexible encapsulation multilayer
200 may include a first inorganic layer 211, an organic layer
212 on the first inorganic layer 211, and a second inorganic
layer 213 on the organic layer 212. Here, the organic layer
212 may have a substantially flat upper surface such that the
second the second inorganic layer 213 disposed thereon has
a substantially flat area FA.

[0093] However, the flexible encapsulation multilayer 200
is not limited to a structure having three stacked layers as
shown in the FIG. 4. The flexible encapsulation multilayer
200 may be formed by sequentially stacking a first inorganic
layer, a first organic layer, a second inorganic layer, a second
organic layer, and a third inorganic layer from the top of the
electroluminescent unit EU. Here, the first organic layer may
have a relatively less area than the second inorganic layer
and the second organic layer may have a relatively less area
than the third inorganic layer. Still alternatively, the flexible
encapsulation multilayer 200 may be formed by sequentially
stacking a first inorganic layer, a first organic layer, a second
inorganic layer, a second organic layer, a third inorganic
layer, a third organic layer, and a fourth inorganic layer from
the top of the electroluminescent unit EU. In this case, the
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first organic layer may the display area DA and the first to
fourth peripheral areas PA1, PA2, PA3, and PA4 be com-
pletely covered with the second inorganic layer, the second
organic layer may be completely covered with the third
inorganic layer and the third organic layer may be com-
pletely covered with the fourth inorganic layer. As such, the
area of the third inorganic layer is relatively wider than the
areas of the first inorganic layer, the first organic layer, the
second inorganic layer, and the second organic layer, so that
the third inorganic layer may cover the edges of the first
inorganic layer, the first organic layer, the second inorganic
layer, and the second organic layer.

[0094] As described above, the flexible encapsulation
multilayer 200 may have various structures and the lower
surface of the flexible encapsulation multilayer 200 may
comprise only one or more inorganic materials.

[0095] The flexible encapsulation multilayer 200 may
protect the electroluminescent unit EU of the display area
DA from external moisture and/or oxygen, even when the
lower structure 100 is encapsulated by the flexible encap-
sulation multilayer 200 alone. That is, without using any
additional encapsulation member for preventing penetration
of moisture and/or oxygen in addition to the flexible encap-
sulation multilayer 200, the flexible encapsulation multi-
layer 200 alone may encapsulate the electroluminescent unit
EU to provide a reliable display device capable of prevent-
ing display defects caused by infiltration of external mois-
ture and/or oxygen. The flexible encapsulation multilayer
200 may include a plurality of films. However, the “flexible
encapsulation multilayer 200” may alternatively include a
single film having an excellent encapsulating ability.
[0096] The first to fourth peripheral areas PA1, PA2, PA3,
and PA4 include an inorganic surface portion IS, which may
have a substantially looped or closed shape, for example,
which contiguously surrounds the display area DA. The
inorganic surface portion IS directly contacts the lower
surface of the flexible encapsulation multilayer 200 (e.g., the
lower surface of the first inorganic layer 211). Since the
inorganic surface portion IS includes only one or more
inorganic materials and the lower surface of the flexible
encapsulation multilayer 200 (e.g., the lower surface of the
first inorganic layer 211) also includes only one or more
inorganic materials, a direct bonding between the inorganic
surface portion IS and the lower surface of the flexible
encapsulation multilayer 200 is an inorganic-inorganic
direct bonding.

[0097] The inorganic surface portion IS may be disposed
in the first to fourth peripheral areas PA1, PA2, PA3, and
PA4 and may have a shape contiguously surrounding the
display area DA as described above. That is, the inorganic
surface portion IS may have a substantially closed shape
such that the display area DA is disposed inside the inor-
ganic surface portion IS.

[0098] The inorganic surface portion IS may include only
one inorganic material. Alternatively, the inorganic surface
portion IS may include a plurality of inorganic materials.
The inorganic material constituting the inorganic surface
portion IS may originate from at least one of, for example,
the buffer film 111, the gate insulating film 121, and the
interlayer insulating film 141. That is, a surface portion of
the buffer film 111, a surface portion of the gate insulating
film 121, and/or a surface portion of the interlayer insulating
film 141 may be included in the inorganic surface portion IS.
In this case, the inorganic material constituting the inorganic
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surface portion IS may be silicon nitride, or silicon oxyni-
tride which have a relatively low moisture and oxygen
permeability. Further, the inorganic material constituting the
inorganic surface portion IS may originate from the bus wire
155 and/or the auxiliary upper electrode 172. That is, a
surface portion of the bus wire 155 and/or a surface portion
of the auxiliary upper electrode 172 may be included in the
inorganic surface portion IS. In this case, the inorganic
material constituting the inorganic surface portion IS may be
a conductive inorganic material. Examples of the conductive
inorganic material may include aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg). gold
(Au), nickel (Ni), neodymium (Nd), iridium (Jr), chromium
(Cr), calcium (Ca), molybdenum (Mo), titanium (Ti), tung-
sten (W), copper (Cu), or a combination thereof.

[0099] The lower structure 100 may include a lower
encapsulating inorganic film horizontally expanding below
the surface portion of the lower structure 100 to vertically
correspond to the display area DA and the first to fourth
peripheral areas PA1, PA2, PA3, and PA4. A portion of the
lower structure 100 disposed between the inorganic surface
portion IS and the lower encapsulating inorganic film may
include only one or more inorganic materials. The lower
encapsulating inorganic film may be, for example, the buffer
film 111, the gate insulating film 121, or the interlayer
insulating film 141. Here, the lower encapsulating inorganic
film may include silicon nitride, or silicon oxynitride which
have a relatively low moisture and oxygen permeability. The
lower encapsulating inorganic film may include at least one
hole filled with an inorganic material different from the
inorganic material included in the lower encapsulating inotr-
ganic film.

[0100] An upper portion of the components disposed over
the substrate 101 is encapsulated by the flexible encapsula-
tion multilayer 200. A lower portion of the components
disposed over the substrate 101 is encapsulated by the lower
encapsulating inorganic film, such as the buffer film 111, the
gate insulating film 121, and the interlayer insulating film
141. A side portion of the components disposed over the
substrate 101 is encapsulated by a portion of the lower
structure 100 which comprises only one or more inorganic
materials and which is disposed between the inorganic
surface portion IS and the lower encapsulating inorganic
film. In this manner, a complete inorganic encapsulation
structure may be obtained.

[0101] The planarization film 161 may comprise an
organic material. An inorganic film formed by a process,
such as chemical vapor deposition (CVD), and physical
vapor deposition (PVD), is difficult to have a flat upper
surface as compared with an organic film formed by a
solution process, such as a spin coating method, and an
inkjet coating method. When an inorganic material is used to
form the planarization film 161 of a multilayered structure or
a single layered structure, in order to allow the planarization
film 161 to have a desired level of flatness, it is disadvan-
tageously required that the height of the planarization film
161 should be relatively high. Thus, according to the exem-
plary embodiments, it is advantageous that the planarization
film 161 comprises an organic material. In this case, the
organic material may be interposed between the inorganic
surface of the auxiliary upper electrode 172 and at least one
of the buffer film 111, the gate insulating film 121, and the
interlayer insulating film 141. Thus, the inorganic surface
portion IS cannot be formed in a region where the planariza-
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tion film 161 of the organic material is formed. As a result,
according to the exemplary embodiments, the inorganic
surface portion IS is disposed relatively lower than the upper
surface of the planarization film 161. Here, the term of
“being relatively low” includes the meaning that it is rela-
tively closer to the substrate 101.

[0102] The inorganic surface portion IS may have a region
divided into a plurality of inorganic surface branches Brl
and Br2 that are spaced apart from each other. The first to
fourth peripheral areas PA1, PA2, PA3, and PA4 may include
an organic surface portion Os disposed between the inor-
ganic surface branches Brl and Br2.

[0103] The organic surface portion Os may have a pro-
truding shape extending upwardly. The organic surface
portion Os has an upwardly protruding shape and overlaps
with an edge portion of the organic layer 212, thereby
increasing the height of the organic layer 212 at the edge
portion of the organic layer 212. Therefore, the flat area FA
on the surface of the second inorganic layer 213 included in
the flexible encapsulation multilayer 200 may be effectively
widened. Further, when the height of the organic surface
portion Os is relatively high, the organic surface portion Os
may function as a dam preventing the organic layer 212 from
being pushed outward (e.g., outwardly of the lower structure
100) due to thermal or physical stress applied to the organic
layer 212 of the flexible encapsulation multilayer 200. The
organic surface portion Os and the inorganic surface portion
IS will be described later with reference to FIGS. 5to 10. A
touch panel 300 is disposed on the flexible encapsulation
multilayer 200. The touch panel 300 includes a plurality of
touch electrodes 301, a plurality of touch wires 302 and a
plurality of touch terminals 303. A protective insulating film
311 may be disposed on the touch electrodes 301 and the
touch wires 302.

[0104] The upper surface of the second inorganic layer
213 of the flexible encapsulation multilayer 200 has a
substantially flat area FA. The touch electrodes 301 are
disposed on the flat area FA. The touch terminals 303 are
disposed in a touch terminal area 321. The touch wires 302
extend to connect the touch electrodes 301 to the touch
terminals 303 on the flat area FA.

[0105] When the touch electrodes 301 are formed on the
flat area FA, touch sensitivity over the entire area of the
touch panel 300 may be substantially uniform, as compared
to when the touch electrode 301 is formed on a non-flat area
(e.g., uneven area), which may cause uneven thicknesses in
the touch electrodes 301.

[0106] As used herein, the touch wires 302 being disposed
on the flat area FA refers to that all or most of the touch wires
302 being are disposed on the flat area FA. Further, it may
also refer to all or most of the extended sections of one touch
wire 302 being disposed on the flat area FA. For example,
the touch wire 302 may be partially located in an area other
than the flat area FA near a point where the touch wire 302
is connected to the touch terminal 303. The term “most”
used herein refers to more than a half.

[0107] One touch wire 302 may be connected to one touch
electrode 301. Accordingly, as the size of the touch panel
300 increases, the number of the touch electrodes 301 may
be increased and, thus, the number of the touch wires 302
may also be increased. When the number of the touch wires
302 is increased, however, the area of the display area DA
may be reduced accordingly. As such, the width of the touch
wires 302 should be reduced as much as possible. In this
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case, when the touch wires 302 are formed on the flat area
FA, the width of the touch wires 302 may be easily reduced
during the manufacturing process, as compared to when the
touch wires 302 are formed on a non-flat area.

[0108] According to the exemplary embodiments, the
organic layer 212 of the flexible encapsulation multilayer
200 is disposed to overlap with the flat area FA defined on
the second inorganic layer 213. In this case, the upper
surface of the second inorganic layer 213 may be made
substantially flat to form the flat area FA by using the organic
layer 212 of the flexible encapsulation multilayer 200,
without including a separate organic planarization film
between the flexible encapsulation multilayer 200 and the
touch panel 300. Further, even when a separate organic
planarization film is formed between the flexible encapsu-
lation multilayer 200 and the touch panel 300, since the
organic layer 212 the flexible encapsulation multilayer 200
may assist planarization of the organic planarization film,
the thickness of the organic planarization film may be
reduced remarkably. Further, even when an inorganic insu-
lating film having a relatively lower planarization capability
than the organic planarization film is interposed between the
flexible encapsulation multilayer 200 and the touch panel
300, the substantially flat area FA may be formed. Since an
inorganic material may provide a greater protection against
damage and the like, as compared to an organic material, the
inorganic insulating film may prevent process damage from
the flexible encapsulation multilayer 200 when the touch
panel 300 is directly integrated on the flexible encapsulation
multilayer 200.

[0109] A display terminal area 157, in which a plurality of
display terminals 156 are disposed, is formed in the fourth
peripheral area PA4 of the lower structure 100. The display
terminals 156 may supply an electric signal or power for
driving the electroluminescent unit EU disposed in the
display area DA. The display terminals 156 disposed in the
display terminal area 157 are in electrical contact with a
display external circuit board 340. The display external
circuit board 340 may be a flexible printed circuit board
(FPCB).

[0110] Further, a semiconductor chip 341 may be disposed
on the display external circuit board 340. A drive integrated
circuit, and the like may be integrated in the semiconductor
chip 341. If the semiconductor chip 341 is disposed on the
lower structure 100, the semiconductor chip 341 may be
broken when the lower structure 100 is folded and unfolded,
because the semiconductor chip 341 is not flexible. Thus,
according to the exemplary embodiments, the semiconduc-
tor chip 341 is disposed on the display external circuit board
340.

[0111] The touch terminals 303 disposed in the touch
terminal area 321 are in electrical contact with a touch
external circuit board 330. The touch external circuit board
330 may be a flexible printed circuit board.

[0112] A polarizing plate 400 may be disposed on the
touch panel 300. In this case, the display terminal area 157
and the touch terminal area 321 may be disposed relatively
outer than the polarizing plate 400 in a plan view. The
flexible printed circuit board that may be used as the display
external circuit board 340 or the touch external circuit board
330 is attached to a terminal during a process utilizing heat,
such as thermal compression. Therefore, to prevent the
polarizing plate 400 from being damaged by heat when
attaching the flexible circuit board to the terminal, the
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display terminal area 157 and the touch terminal area 321
should be disposed relatively outer than the polarizing plate
400 in a plan view.

[0113] The touch terminal area 321 and the display ter-
minal area 157 are disposed in different areas, as shown in
FIGS. 1 and 2, to prevent the display external circuit board
340, and the touch external circuit board 330 from being
overlapped with each other and damaged in a process of
folding, and unfolding the display external circuit board 340,
and the touch external circuit board 330. By forming the
touch terminal area 321, and the display terminal area 157
in different areas, as shown in FIGS. 1 and 2, such that the
display external circuit board 340 and the touch external
circuit board 330 do not overlap each other, the display
external circuit board 340 and the touch external circuit
board 330 may be prevented from being contacting each
other and being damaged, when the display external circuit
board 340 and the touch external circuit board 330 are fixed
to the lower surface of the lower structure 100.

[0114] According to the exemplary embodiments, the
touch panel 300 may be directly integrated on the flexible
encapsulation multilayer 200. By directly integrating the
touch panel 300 on the flexible encapsulation multilayer
200, alignment errors that may occur when attaching the
touch panel 300 to the flexible encapsulation multilayer 200
may be prevented and the manufacturing cost of the touch
panel 300 may be reduced. Further, reduction of light
transmittance due to an adhesive, which may occur when the
touch panel 300 is attached to the flexible encapsulation
multilayer 200 using an adhesive, may be prevented.

[0115] As used herein, the term of “directly integrating”
refers to parts of a component that are formed on the base
according to a predetermined process sequence and the
component is completed on the base. For example, “directly
integrating” is different from attaching a component onto a
base after the manufacture of the component is completed.
Before the touch panel 300 is directly integrated on the
flexible encapsulation multilayer 200, an inorganic insulat-
ing film may be integrated on the flexible encapsulation
multilayer 200. The inorganic insulating film may include
silicon nitride or silicon oxynitride including silicon and
nitrogen. The inorganic insulating film may reduce damage
to the flexible encapsulation multilayer 200 when the touch
panel 300 is directly integrated on the flexible encapsulation
multilayer 200.

[0116] Since the touch panel 300 is directly integrated on
the flexible encapsulation multilayer 200, the direction in
which the touch external circuit board 330 is attached to the
touch terminals 303 in the touch terminal area 321 may be
substantially the same as the direction in which the display
external circuit board 340 is attached to the display terminals
156 in the display terminal area 157.

[0117] Referring to FIG. 1, both the display terminal area
157, in which the display terminals 156 are disposed, and the
touch terminal area 321, in which the touch terminals 303
are disposed, are disposed in the fourth peripheral area PA4.
If the touch terminal area 321 is disposed in the first
peripheral area PA1 by widening the first peripheral area
PA1, such that the display area DA is located at the center
of the lower structure 100, the second peripheral area PA2
should also be widened at the same time, which may narrow
the display area DA. Therefore, according to the exemplary
embodiments, both the display terminal area 157 and the
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touch terminal area 321 are disposed in the fourth peripheral
area PA4, as shown in FIG. 2.

[0118] Referring to FIG. 2, both the display terminal area
157, in which the display terminals 156 are disposed, and a
touch terminal area 321_a, in which touch terminals 303_a
are disposed, are disposed in the fourth peripheral area PA4.
Further, both the display terminal area 157 and the touch
terminal area 321_a may be adjacent to the outside of the
lower structure 100 in the fourth direction y2. That is, the
display terminal area 157 and the touch terminal area 321_a
are disposed adjacent to each other along the first direction
x1 or the second direction x2. In this case, since the area of
the fourth peripheral area PA4 may be relatively narrower
than the fourth peripheral area PA4 shown in FIG. 1, the
display area DA may be made wider.

[0119] Further, the touch terminal areas 321 and 321_a are
disposed in the flat area FA defined on the second inorganic
layer 213. When the touch terminal areas 321 and 321_a are
formed in an area other than the flat area FA, adhesive force
between the touch terminals 303 and 303 _a and the touch
external circuit boards 330 and 330_a is significantly
decreased and may cause a detachment problem. However,
according to the exemplary embodiments, detachment may
be avoided by forming the touch terminal areas 321 and
321 _a in the flat rea FA.

[0120] The display terminals 156 have a greater size than
the touch terminals 303 and 303_a. The display terminals
156 include a power supply terminal, and the like. When the
electroluminescent unit EU is current-driven, a relatively
large amount of power should be stably supplied. On the
other hand, when touch sensing detects a voltage change, the
relatively large power may not be required. Accordingly, the
display terminals 156 may have a greater size than the touch
terminals 303 and 303_a. Further, when the area of the touch
terminals 303 and 303_a is widened, excessive heat may be
applied during the process of attaching the touch external
circuit boards 330 and 330_a, which may cause thermal
damage to the organic layer 212 included in the flexible
encapsulation multilayer 200, Thus, it is advantageous to
form the areas of the touch terminals 303 and 303_a with
relatively small sizes.

[0121] The touch wires 302 may extend to overlap the
auxiliary upper electrode 172 in the cross-sectional view of
FIG. 3 and may extend to intersect the auxiliary upper
electrode 172 in a plan view of FIGS. 1 to 3. By forming the
auxiliary upper electrode 172 and the touch wires 302 to
overlap with each other, the area of the first to fourth
peripheral areas PA1, PA2, PA3, and PA4 may be mini-
mized. Further, the peripheral circuit C2 is disposed under
the auxiliary upper electrode 172 (e.g., overlap the auxiliary
upper electrode 172 in the cross-sectional view of FIG. 3).
By overlapping the touch wires 302 with the auxiliary upper
electrode 172, a signal influence between the touch wires
302 and the peripheral circuit C2 may be minimized.
[0122] Referring to FIG. 2, the flat area FA defined on the
second inorganic layer 213 of the flexible encapsulation
multilayer 200 may have a protruding portion P which is a
portion protruding in a direction substantially parallel to a
direction from the display area DA toward the display
terminal area 157. The touch terminal area 321_a, in which
the touch terminals 303_a are disposed, is disposed on the
protruding portion P, so that both the display terminal area
157 and the touch terminal area 321_a may be disposed
adjacent to the outside of the lower structure 100 in the
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fourth direction y2. In this case, the area of the fourth
peripheral area PA4 may be reduced by forming the display
terminal area 157 and the touch terminal area 321_a adja-
cent to each other in the first direction x1 or the second
direction x2 while locating both the display terminal area
157 and the touch terminal area 321_a in the fourth periph-
eral area PA4. As a result, the area of the display area DA
may be maximized.

[0123] Although the touch terminal areas 321 and 321_a,
in which the touch terminals 303 and 303_ga are disposed,
are illustrated as being disposed on the flat area FA in FIGS.
1 to 3, the inventive concepts are not limited thereto. More
particularly, the touch terminal area 321 may be disposed on
an area other than the flat area FA, which will be described
in more detail with reference to FIGS. 5 to 10.

[0124] FIG. 5 is a schematic view showing a display
device according to yet another embodiment of the present
disclosure.

[0125] Referring to FIG. 5, a display device 1000_b
includes the upper electrode power supply wire 901 electri-
cally connected to the upper electrode 191 of the electrolu-
minescent unit EU to apply an electrical signal to the upper
electrode 191 and a lower electrode power supply wire 902
electrically connected to the lower electrode 171 of the
electroluminescent unit EU to apply an electrical signal to
the lower electrode 171. Here, the upper electrode power
supply wire 901 may include the bus wire 155 and the
auxiliary upper electrode 172.

[0126] FIG. 6 is an enlarged view of portion “A” of FIG.
5.

[0127] Referring to FIG. 6, the touch wires 302 may be
curved without angled portions at the corners of the lower
structure 100. That is, the touch wire 302 may extend to
form a curvature at the corner of the lower structure 100.
Accordingly, electric field concentration that may occur with
respect to the touch wire 302 at the corner may be prevented.
[0128] The plurality of touch wires 302 extend on the first
to fourth peripheral areas PA1, PA2, PA3, and PA4. The
touch wires 302 are electrically connected to auxiliary touch
wires 302s through a plurality of first contacts Cntl. The
touch wires 302 and the auxiliary touch wires 302s may be
connected to each other to reduce the overall resistance.
Also, even when the touch wires 302 are damaged or cut
from repeatedly bending and restoring the display device
1000_b, a normal electrical signal may be transmitted
through the auxiliary touch wires 302s. The auxiliary touch
wires 302s and the touch wires 302 may be formed on the
flat area FA on the second inorganic layer 213. In this case,
damage to the touch wires 302 and the auxiliary touch wires
302s may be minimized, as compared to when they are
formed on the non-flat area.

[0129] The touch wires 302 may be formed to overlap the
upper electrode power supply wire 901. Therefore, it is
possible to prevent the peripheral circuit C2 disposed below
the upper electrode power supply wire 901 from being
interfered by an electrical signal transmitted through the
touch wires 302.

[0130] The widths of each of the touch wires 302 disposed
in the first to fourth peripheral areas PA1, PA2, PA3, and
PA4 may be decreased, as they are disposed farther away
from the display area DA and may be increased, as they are
disposed closer to the display area DA. As shown in FIG. 5,
the length of the outermost touch wire 302 is relatively
longer than that of the innermost touch wire 302. When the
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width of the outermost touch wire 302 is equal to that of the
innermost touch wire 302, the area of the outermost touch
wire 302 may become wider. Therefore, the capacitance
generated with the overlapping upper electrode power sup-
ply wire 901 may also be greater in the outermost touch wire
302, which may cause a capacitance difference between the
touch wires 302. Therefore, in order to reduce such capaci-
tance difference, the width of the touch wire 302 disposed
farther away from the display area DA may be less and the
width of the touch wire 302 disposed closer to the display
area DA may be greater, as shown in FIG. 6.

[0131] Further, the touch wires 302 may be disposed to
overlap the lower electrode power supply wire 902. Since a
signal of the upper electrode 191 may affect the touch wires
302 when the touch wires 302 are disposed to overlap only
the upper electrode power supply wire 901, the touch wires
302 may be disposed to overlap the lower electrode power
supply wire 902 as well as the upper electrode power supply
wire 901 to minimize an excessive signal influence by the
upper electrode power supply wire 901.

[0132] An upper electrode power supply terminal 901z, a
lower electrode power supply terminal 902¢, and the touch
terminals 303 are respectively disposed at the end of the
upper electrode power supply wire 901, the end of the lower
electrode power supply wire 902, and the ends of the touch
wires 302. Here, each of the upper electrode power supply
terminal 9017 and the lower electrode power supply terminal
902¢ may be one type of the display terminals 156 described
above (see FIGS. 1 and 2). When the electroluminescent unit
EU is current-driven, the upper electrode power supply
terminal 9017 and the lower electrode power supply terminal
902¢ should stably supply a relatively large power, as
compared to the power supplied to the touch terminals 303.
On the other hand, when touch sensing detects a voltage
change, applying a large power to the touch terminals 303
may not be required. As such, the size of the upper electrode
power supply terminal 901¢ and the lower electrode power
supply terminal 902¢ may be formed to be relatively greater
than the size of the touch terminals 303. That is, the size of
the touch terminals 303 may be formed to be relatively less
than the size of the upper electrode power supply terminal
9017 and the lower electrode power supply terminal 902z.
[0133] Further, as shown in FIG. 5, by placing the touch
terminals 303 between the lower electrode power supply
terminal 9027 and the upper electrode power supply terminal
901¢, signal interference that may occur between the lower
electrode power supply terminal 902z and the upper elec-
trode power terminal 901¢ that are disposed close to each
other may be prevented. That is, the upper electrode power
supply terminal 901¢, the touch terminals 303, the lower
electrode power supply terminal 902¢ are sequentially dis-
posed along the first direction x1 or the second direction x2,
thereby minimizing signal interference between these com-
ponents. Of course, if necessary, terminals for transmitting
other types of signals may be additionally disposed between
the touch terminals 303 and the lower electrode power
supply terminal 9027 or between the touch terminals 303 and
the upper electrode power supply terminal 901z

[0134] The upper electrode power supply terminal 901¢,
the touch terminals 303, and the lower electrode power
supply terminal 902¢ may be disposed in one direction (e.g.,
the first direction x1). Further, the lower electrode power
supply terminal 902y, the touch terminals 303, and the upper
electrode power supply terminal 901 may be in contact with

Nov. 7,2019

and electrically connected to one external circuit board (not
shown), such as a flexible printed circuit board.

[0135] The first to fourth peripheral areas PA1, PA2, PA3,
and PA4 may have a bendable area BA disposed between the
display area DA and at least one of the lower electrode
power supply terminal 902¢, the upper electrode power
supply terminal 9017, and the touch terminals 303.

[0136] In order to easily bend the bendable area BA, the
touch wires 302 may not be disposed to overlap or intersect
the upper electrode power supply wire 901 and the lower
electrode power supply wire 902 within the bendable area
BA. Further, the auxiliary touch wires 3025 may not be
formed in the bendable area BA.

[0137] By bending the bendable area BA, the external
circuit board connected to the at least one of the lower
electrode power supply terminal 902z, the upper electrode
power supply terminal 901¢, and the touch terminals 303
may be fixed to the back surface of the display device
1000_5.

[0138] The lower electrode power supply wire 902, the
upper electrode power supply wire 901, and the touch wires
302 may include a conductive bridge 9025, a conductive
bridge 9015, and a conductive bridge 3025, respectively.
The conductive bridges 9025, 9015, and 3025 may have
contacts Cnt2 and pass through the bendable area BA. The
conductive bridges 9025, 9015, and 3025 may be formed in
a different layer from the touch wires 302, the upper
electrode power supply wire 901, and the lower electrode
power supply wire 902 adjacent to the conductive bridges
9025, 9015, and 302b. The conductive bridges 90256, 9015,
and 3025 may assist the bendable area BA bend more easily.

[0139] Although not illustrated in the figures, by making
the sum of the thicknesses of the insulating layers in the
bendable area BA relatively less than the sum of the thick-
nesses of the insulating layers in portions of the first to
fourth peripheral areas PA1, PA2, PA3, and PA4 adjacent to
the bendable area BA, the bendable area BA may be bent
more easily.

[0140] The first to fourth peripheral areas PA1, PA2, PA3,
and PA4 have the inorganic surface portion IS having a
closed shape contiguously surrounding the display area DA.
FIG. 7 is an enlarged view of area “B” of FIG. 5. Referring
to FIG. 7, the inorganic surface portion IS has a region
divided into first to fifth inorganic surface branches Brl,
Br2, Br3, Brd, and Br5, which are spaced apart from each
other. The first to fourth peripheral areas PA1, PA2, PA3, and
PA4 may include first to fourth organic surface portions Os1,
Os2, Os3, and Os4 disposed between the first to fifth
inorganic surface branches Brl, Br2, Br3, Br4, and Br5.
Specifically, the first to fourth peripheral areas PA1, PA2,
PA3, and PA4 include the first organic surface portion Osl
disposed between the first and second inorganic surface
branches Brl and Br2, the second organic surface portion
Os2 disposed between the second and third inorganic sur-
face branches Br2 and Br3, the third organic surface portion
Os3 disposed between the third and fourth inorganic surface
branches Br3 and Brd, and the fourth organic surface portion
Os4 disposed between the fourth and fifth inorganic surface
branches Brd and Br5.

[0141] Since the structure of the first to fourth organic
surface portions Os1, Os2, Os3, and Os4 is similar to that of
the organic surface portion Os (see FIG. 4), a description
thereof will be omitted to avoid redundancy.
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[0142] The first to fourth organic surface portions Osl,
Os2, 0s3, and Os4 are completely surrounded by the inor-
ganic-inorganic direct bonding between the lower surface of
the flexible encapsulation multilayer 200 and the inorganic
surface portion IS in a plan view. The first to fourth organic
surface portions Os1, Os2, Os3, and Os4 absorb and hold
impurities moving along an interface between the lower
surface of the flexible encapsulation multilayer 200 and the
inorganic surface portion IS in a plan view, thereby reducing
the concentration of impurities existing at the interface
between the lower surface of the flexible encapsulation
multilayer 200 and the inorganic surface portion IS. There-
fore, the bonding force of the inorganic-inorganic direct
bonding may be increased.

[0143] When the impurities disposed at the interface
formed by the inorganic-inorganic direct bonding between
the lower surface of the flexible encapsulation multilayer
200 and the inorganic surface portion IS are relatively far
away from the first to fourth organic surface portions Os1,
Os2, 0s3, and Os4, the impurities may be concentrated on
a portion of the interface between the lower surface of the
flexible encapsulation multilayer 200 and the inorganic
surface portion IS before moving to the first to fourth
organic surface portions Os1, Os2, Os3, and Os4 to decrease
the bonding force of the inorganic-inorganic direct bonding.
In addition, the impurities may move to the display area DA
before moving to the first to fourth organic surface portions
Os1, 0s2, Os3, and Os4 to deteriorate an intermediate layer
included in the electroluminescent unit EU of the display
area DA.

[0144] The concentration of the impurities at a portion of
the interface or the movement of the impurities to the display
area DA may occur more frequently when the display area
DA has a flexible portion that is subjected to repeated
bending (or folding) and restoring actions. In this case, the
first to fourth organic surface portions Os1, Os2, Os3, and
Os4 may reduce the concentration of the impurities. As used
herein, a flexible portion of the display area may refer to that
the display device may be used as a bendable display device,
afoldable display device, a rollable display device, a stretch-
able display device, or a flexible display device. Furthet-
more, even when the display area DA does not have the
flexible portion, in a rigid display device employing the
flexible encapsulation multilayer 200, the impurities may be
concentrated at a certain portion of the interface or the
movement of the impurities to the display area DA may
occur. Even in this case, the organic surface portions Osl,
Os2, 0s3, and Os4 may reduce the concentration of the
impurities. That is, the exemplary embodiments are appli-
cable to a flat rigid display device in which the flexible
encapsulation multilayer 200 is fixed to a flat and rigid
window and a curved rigid display device in which the
flexible encapsulation multilayer 200 is fixed to a curved and
rigid window.

[0145] Therefore, in order to make the impurities disposed
at the interface formed by the inorganic-inorganic direct
bonding closer to the first to fourth organic surface portions
Osl, Os2, Os3, and Osd, the first to fourth organic surface
portions Osl, Os2, Os3, and Os4 may have a shape sur-
rounding or substantially surrounding the display area DA.
As used herein, the term of “surrounding” or “substantially
surrounding” refers to contiguously surrounding or discon-
tiguously surrounding.
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[0146] Specifically, referring to FIG. 5, the first to fourth
organic surface portions Osl, Os2, Os3, and Os4 contigu-
ously surround the display area DA. Referring to FIG. 9, first
to fourth organic surface portions Os1_c, Os2_c, Os3_c, and
Osd_c discontiguously surround the display area DA. Refer-
ring to FIG. 11, first to third organic surface portions Os1_d,
0Os2_d, and Os3_d discontiguously surround the display area
DA and a fourth organic surface portion Osd_d contiguously
surrounds the display area DA, so that the first to fourth
organic surface portions OS1_d, Os2_d, Os3_d, and Os4_d
surround or substantially surround the display area DA.
[0147] Referring to FIG. 12, first to third organic surface
portions Os1_e, Os2_e, and Os3_e discontiguously surround
the display area DA and a fourth organic surface portion
Os4_e contiguously surrounds the display area DA, so that
the first to fourth organic surface portions Osl_e, Os2_e,
0Os3_e, and Os4_e surround or substantially surround the
display area DA.

[0148] If the display area DA has two or less outer sides
(e.g., a circle, an ellipse, or a semicircle), the first to fourth
organic surface portions Osl, Os2, Os3, and Os4 may
contiguously or discontiguously surround the display area
DA, such that the organic surface portions Osl, Os2, Os3,
and Osd4 extend contiguously or discontiguously to corre-
spond to at least one quarter of the entire outer periphery of
the display area DA. If the display area DA has a triangular
shape, organic surface portions may contiguously or discon-
tiguously surround the display area DA, such that the
organic surface portions extend contiguously or discontigu-
ously to correspond to at least one outer side of the display
area DA. Further, if the display area DA has a shape, such
as square, pentagon, and hexagon, organic surface portions
may contiguously or discontiguously surround the display
area DA, such that that the organic surface portions (not
shown) extend contiguously or discontiguously to corre-
spond to at least two outer sides of the display area DA.
[0149] Referring to back FIG. 5, since the first to fourth
organic surface portions Osl, Os2, Os3, and Os4 are com-
pletely surrounded by the inorganic-inorganic direct bond-
ing in a plan view, the first to fourth organic surface portions
Osl, Os2, Os3, and Os4 are isolated from (or do not
communicate with) the outside of the display device 1000_
b. Therefore, moisture and impurities from the outside of the
display device 1000_b may be prevented from infiltrating to
the interface formed by the inorganic-inorganic direct bond-
ing between the inorganic surface portion IS and the lower
surface of the flexible encapsulation multilayer 200, through
the first to fourth organic surface portions Os1, Os2, Os3,
and Os4.

[0150] The first organic surface portion Osl, the second
organic surface portion Os2, the third organic surface por-
tion Os3, or the fourth organic surface portion Os4 may have
a shape that protrudes upward in a cross-sectional view.
Further, in a plan view, the first organic surface portion Os1,
the second organic surface portion Os2, the third organic
surface portion Os3, or the fourth organic surface portion
Os4 may have various shapes, such as an island shape, and
a shape extending along the extending direction of the first
to fifth inorganic surface branches Brl, Br2, Br3, Brd4, and
BrS.

[0151] The height of the first organic surface portion Osl,
the second organic surface portion Os2, the third organic
surface portion Os3, or the fourth organic surface portion
Os4 may be substantially the same as the height of the pixel
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defining layer 181. Although not illustrated in the figures,
the height of the pixel defining layer 181 may include the
height of a spacer protruding upward from the top of the
pixel defining layer 181.

[0152] As one example, the height of the first organic
surface portion Os1 may be substantially equal to the height
of the pixel defining layer 181. In this case, the first organic
surface portion Os1 may be used as a spacer, which contacts
an evaporation mask during a vacuum evaporation process
for forming an intermediate layer of the electroluminescent
unit EU. Specifically, when a hole injection layer (HIL), a
hole transport layer (HTL), an electron injection layer (EIL),
an electron transport layer (ETL), and the like included in
the intermediate layer are formed as a common layer, the
first organic surface portion Osl having substantially the
same as the height of the pixel defining layer 181 may be
used as a spacer of an open evaporation mask. Further, since
the first organic surface portion Osl has a substantially
closed loop shape that contiguously surrounds the display
area DA, the entire edge of the evaporation mask may
correspond to the entire first organic surface portion Osl.
Therefore, during the evaporation process, the organic mate-
rials passing through the evaporation mask may be pre-
vented from escaping to the outside from an internal space
defined by the evaporation area of the lower structure 100,
the first organic surface portion Osl, and the evaporation
mask. Further, the first organic surface portion Osl may also
be used as a spacer for forming the upper electrode 191
when the upper electrode 191 is formed by a vacuum
evaporation process and has a common film structure.
[0153] In the first to fourth peripheral areas PA1, PA2,
PA3, and PA4, a portion of the flexible encapsulation mul-
tilayer 200 including the organic layer 212 has a relatively
greater height and a portion of the flexible encapsulation
multilayer 200 not including the organic layer 212 has a
relatively less height. As such, a height difference occurs
between the portions of the flexible encapsulation multilayer
200. The height difference may deteriorate the thickness
uniformity of the touch wires 302 when the touch wires 302
are formed and may cause breakage of the touch wires 302.
Therefore, according to exemplary embodiments, the first
organic surface portion Osl, the second organic surface
portion Os2, the third organic surface portion Os3, or the
fourth organic surface portion Osd4 may be formed to have
a shape protruding in a direction perpendicular to the plane
on which the substrate 101 is disposed and the protruding
shape may be disposed adjacent to the edge of the organic
layer 212 or the outer periphery of the organic layer 212
included in the flexible encapsulation multilayer 200 in the
first to fourth peripheral areas PA1, PA2, PA3, and PA4. As
such, the height difference between the portions of the
flexible encapsulation multilayer 200 may be reduced. Thus,
the non-uniformity in the thickness of the touch wires 302
and the breakage of the touch wires 302 may be reduced. A
further explanation will be given with reference to FIG. 8.
[0154] FIG. 8 is an enlarged view of area “C” of FIG. 5.
[0155] Referring to FIG. 8, the innermost first organic
surface portion Os1 may be disposed to cover a boundary
where the bus wire 155 and the auxiliary upper electrode 172
overlap each other. Thus, defects that may occur due to a
step generated between the bus wire 155 and the auxiliary
upper electrode 172 may be minimized by the first organic
surface portion Os1 disposed at the innermost side. Further,
the second organic surface portion Os2 disposed second
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from the innermost side may be disposed to cover the outer
edge of the bus wire 155. Thus, defects due to a step formed
in the outer edge of the bus wire 155 may be minimized by
the second organic surface portion Os2 disposed second
from the innermost side.

[0156] FIG. 9 is a schematic view showing an exemplary
embodiment of a display device constructed according to the
principles of the invention.

[0157] As shown in FIG. 9, the first organic surface
portion Osl_c may have a substantially open loop shape
which is opened by at least one first opening Opl_c¢ to
discontiguously surround the display area DA. The second
organic surface portion Os2_c¢ may have a substantially open
loop shape which is opened by at least one second opening
Op2_c to discontiguously surround the display area DA. The
third organic surface portion Os3_c may have a substantially
open loop shape which is opened by at least one third
opening Op3_c to discontiguously surround the display area
DA. The fourth organic surface portion Os4_c may have a
substantially open loop shape which is opened by at least
one fourth opening Op4_c to discontiguously surround the
display area DA.

[0158] When the first to fifth inorganic surface branches
Brl, Br2, Br3, Br4, and Br5 included in the inorganic
surface portion IS are not connected to each other, the lower
surface of the flexible encapsulation multilayer 200 may be
detached from at least one of the first to fifth inorganic
surface branches Brl, Br2, Br3, Br4, and Br5 when exces-
sive physical stress is applied to a display device 1000_c.
However, according to exemplary embodiments, since the
inorganic surface branches Brl, Br2, Br3, Brd, and Br5 are
connected to each other by the first to fourth openings
Opl_c, Op2_c, Op3_c, and Opd_c, the above-described
problem may be solved.

[0159] FIG. 10 is a schematic view illustrating the inor-
ganic surface portion IS shown in FIG. 9. Referring to FIG.
10, the inorganic surface portion IS includes a first region
181 disposed along the first direction x1, a second region 1S2
disposed along the second direction x2, a third region 1S3
disposed along the third direction y1, and a fourth region 1S4
disposed along the fourth direction y2 with respect to the
display are DA.

[0160] Referring to FIGS. 9 and 10, since the first to fourth
organic surface portions Osl_c, Os2_c, Os3_¢, and Osd_c
have a substantially open loop shape, the surface of area “K”
of the inorganic surface portion IS corresponding to the first
to fourth openings Opl_c, Op2_c, Op3_c, and Op4d_c does
not have organic materials capable of absorbing and remov-
ing impurities. Thus, the impurities disposed at the interface
formed by the inorganic-inorganic direct bonding may be
concentrated on a portion of the interface between the lower
surface of the flexible encapsulation multilayer 200 and the
inorganic surface portion IS, which may weaken the bonding
force of the inorganic-inorganic direct bonding. Accord-
ingly, the bonding force of the inorganic-inorganic direct
bonding in area “K” may be lowered as compared with other
portions having no first to fourth openings Opl_c, Op2_c,
Op3_c, and Op4_c. Therefore, the width of the fourth region
1S4 of the inorganic surface portion IS where area “K” is
disposed is formed relatively greater than the width of the
first region IS1, the second region 1S2, or the third region
183 of the inorganic surface portion IS where area “K” is not
disposed.
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[0161] As used herein, the width may refer to an average
width. More specifically, referring to FIG. 9, the width of the
first region IS1 may be a value obtained by dividing the area
of the first region IS1 in a plan view by a first length L.1. The
width of the second region IS2 is a value obtained by
dividing the area of the second region IS2 in a plan view by
the first length 1. The width of the third region 1S3 is a
value obtained by dividing the area of the third region 1S3
in a plan view by a second length [.2. The width of the fourth
region 1S4 is a value obtained by dividing the area of the
fourth region 1S4 in a plan view by the second length [.2.

[0162] FIG. 11 is a schematic view showing an exemplary
embodiment of a display device constructed according to the
principles of the invention.

[0163] Referring to FIG. 11, the lower structure 100 of a
display device 1000_d includes the first to third organic
surface portions Os1_d, Os2_d, and Os3_d having a shape
forming a substantially open loop and the fourth organic
surface portion Os4_d having a shape forming a substan-
tially closed loop. That is, the lower structure 100 may
include both the first to third organic surface portions Os1_d,
Os2_d, and Os3_d having a substantially open loop shape
and the fourth organic surface portion Os4_d having a
substantially closed loop shape.

[0164] FIG. 12 is a schematic view showing an exemplary
embodiment of a display device constructed according to the
principles of the invention.

[0165] Referring to FIG. 12, while the first to third organic
surface portions Osl_e, Os2_e, and Os3_e included in the
lower structure 100 of a display device 1000_e are com-
pletely surrounded by the direct bonding between the lower
surface of the flexible encapsulation multilayer 200 and the
inorganic surface portion IS in a plan view, the fourth
organic surface portion Os4_e may be disposed to be only
partially surrounded by the inorganic-inorganic direct bond-
ing in a plan view. That is, the fourth organic surface portion
Os4_e may communicate with the outside of the display
device 1000 e.

[0166] That is, the lower structure 100 according to the
illustrated embodiment may include the fourth organic sut-
face portion Osd_e having a substantially closed loop shape
communicating with the outside and the first to third organic
surface portions Osl_e, Os2_e, and Os3_e which are dis-
posed between the display area DA and the fourth organic
surface portion Osd_e. Here, the first to third organic surface
portions Osl_e, Os2_e, and Os3_e have substantially open
loop shapes and completely surrounded by the direct bond-
ing between the lower surface of the flexible encapsulation
multilayer 200 and the inorganic surface portion IS in a plan
view.

[0167] In this case, the height of the fourth organic surface
portion Os4_e communicating with the outside may be
substantially the same as that of the pixel defining layer 181
and may function as a spacer for the evaporation mask. By
making the height of the first to third organic surface
portions Osl_e, Os2_e, and Os3_e, which do not commu-
nicate with the outside, relatively lower than the height of
the fourth organic surface portion Os4_e communicating
with the outside, the width of the first to third organic surface
portions Osl_e, Os2_e, and Os3_e, which do not commu-
nicate with the outside, is effectively lowered to narrow the
width of the first to fourth peripheral areas PA1, PA2, PA3,
and PA4.
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[0168] Meanwhile, the first and second organic surface
portions Osl_e and Os2_e may extend to cover a side
portion of a conductive multilayer. Since the side portion of
the conductive multilayer is vulnerable to corrosion because
a large number of interfaces are exposed, the first and second
organic surface portions Os1_e and Os2_e may prevent the
corrosion of the conductive multilayer by covering the side
portion of the conductive multilayer. Further, the first and
second organic surface portions Osl_e and Os2_e may
absorb and hold impurities, such as moisture and oxygen,
which may flow out from the interfaces exposed at the side
portion of the conductive multilayer.

[0169] For example, the conductive multilayer is the aux-
iliary upper electrode 172 which is the same film as the
lower electrode 171 of the electroluminescent unit EU and
a side portion of the auxiliary upper electrode 172 may be
covered by the first organic surface portion Osl_e disposed
at the innermost side in FIG. 12. In this case, the auxiliary
upper electrode 172 may include a first conductive indium
tin oxide film, a silver (Ag) film on the first conductive
indium tin oxide film, and a second conductive indium tin
oxide film on the silver film.

[0170] For example, the conductive multilayer may be the
bus wire 155 which is the same film as the source electrode
156a or the drain electrode 1565 of the pixel thin film
transistor (PC-TFT) and the side portion of the bus wire 155
may be covered by the second organic surface portion Os2_e
disposed second from the innermost side in FIG. 12. The bus
wire 155 may be the same film as the source electrode 1564
or the drain electrode 1565 of the pixel thin film transistor
(PC-TFT). In this case, the bus wire 155 may include a first
titanium (T1) film, an aluminum (Al) film on the first
titanium film, and a second titanium film on the aluminum
film or may include a first molybdenum (Mo) film, an
aluminum film on the first molybdenum film, and a second
molybdenum film on the aluminum film.

[0171] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concepts are not limited to
such embodiments, but rather to the broader scope of the
presented claims and various obvious modifications and
equivalent arrangements.

What is claimed is:

1. An electroluminescent device comprising:

a lower structure which has an emission area and a
peripheral area surrounding the emission area, and
which comprises an insulation film and an electrolu-
minescent unit having a lower electrode disposed on
the insulation film, an intermediate film disposed on the
lower electrode, and an upper electrode disposed on the
intermediate film;

a flexible encapsulation multilayer disposed on the emis-
sion area and the peripheral area of the lower structure,
and including at least three layers; and

a touch panel disposed on the flexible encapsulation
multilayer, and having a touch electrode,

wherein the peripheral area includes a lower electrode
power supply terminal, a lower electrode power supply
wire electrically connecting the lower electrode to the
lower electrode power supply terminal, an upper elec-
trode power supply terminal, an upper electrode power
supply wire electrically connecting the upper electrode
to the upper electrode power terminal, a touch terminal,
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and a touch wire electrically connecting the touch
electrode to the touch terminal,

wherein the flexible encapsulation multilayer includes a

lower surface comprising only one or more inorganic
materials,
wherein the peripheral area includes an inorganic surface
portion substantially surrounding the emission area,
disposed outside the upper electrode in a plan view, and
comprising only one or more inorganic materials,

wherein an entire of the inorganic surface portion directly
contacts the lower surface of the flexible encapsulation
multilayer,

wherein the lower structure includes a lower encapsulat-

ing inorganic film horizontally expanding below a
surface of the lower structure to vertically correspond
to the emission area and the peripheral area, and a
portion of the lower structure disposed between the
lower encapsulating inorganic film and the entire of the
inorganic surface portion comprises only one or more
inorganic materials,

wherein the touch wire comprises a first portion overlap-

ping the lower electrode power supply wire and a
second portion overlapping the upper electrode power
supply wire, and

wherein the electroluminescent device is capable of being

flexed, bent, folded, rolled, or stretched by an end user.

2. The electroluminescent device of claim 1, wherein the
touch wire further comprises a third portion overlapping the
upper electrode power supply wire, and

wherein the first portion of the touch wire is disposed

between the second and third portions of the touch
wire.

3. The electroluminescent device of claim 2, wherein the
third portion of the touch wire overlaps an end portion of the
upper electrode power supply wire.

4. The electroluminescent device of claim 1, wherein at
least one of the lower electrode power supply terminals, at
least one of the touch terminals, and at least one of the upper
electrode power supply terminals are disposed in a terminal
area of the peripheral area and have substantially the same
heights to be electrically connected to one external circuit
board.

5. The electroluminescent device of claim 4, wherein the
at least one of the touch terminals is disposed between the
at least one of the lower electrode power supply terminals
and the at least one of the upper electrode power supply
terminals.

6. The electroluminescent device of claim 4, wherein the
peripheral area includes a bendable area extending between
the emission area and the terminal area, and

wherein the touch wire does not overlap the lower elec-
trode power supply wire and the upper electrode power
supply wire in the bendable area.

7. The electroluminescent device of claim 4, wherein a
size of the touch terminal is relatively less than a size of the
lower electrode power supply terminal or a size of the upper
electrode power supply terminal.

8. The electroluminescent device of claim 1, wherein at
least one of the lower electrode power supply terminal and
the upper electrode power supply terminal is disposed in a
power terminal area of the peripheral area and electrically
connected to a first external circuit board,
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wherein the touch terminal is disposed in a touch terminal
area of the peripheral area and electrically connected to
a second external circuit board,

wherein the power terminal area and the touch terminal
area are disposed at a side of the lower structure and do
not overlap each other in a plan view,

wherein the first external circuit board and the second
external circuit board are disposed at the side of the
lower structure and do not overlap each other in a plan
view,

wherein a direction in which the first external circuit
board is attached to the at least one of the lower
electrode power supply terminal and the upper elec-
trode power supply terminal is the same as a direction
in which the second external circuit board is attached to
the touch terminal,

wherein the flexible encapsulation multilayer includes a
first inorganic layer, an organic layer disposed on the
first inorganic layer, and a second inorganic layer
disposed on the organic layer, and

wherein the touch terminal area does not overlap the
organic layer in a plan view.

9. The electroluminescent device of claim 1, wherein at
least one of the lower electrode power supply terminal and
the upper electrode power supply terminal is disposed in a
power terminal area of the peripheral area to be electrically
connected to a first external circuit board,

wherein the touch terminal is disposed in a touch terminal
area of the peripheral area to be electrically connected
to a second external circuit board,

wherein the power terminal area and the touch terminal
area are disposed at a side of the lower structure and do
not overlap each other in a plan view,

wherein the first external circuit board and the second
external circuit board are disposed at the side of the
lower structure and do not overlap each other in a plan
view,

wherein a direction in which the first external circuit
board is attached to the at least one of the lower
electrode power supply terminal and the upper elec-
trode power supply terminal is opposite to a direction
in which the second external circuit board is attached to
the touch terminal,

wherein the flexible encapsulation multilayer includes a
first inorganic layer, an organic layer disposed on the
first inorganic layer, and a second inorganic layer
disposed on the organic layer, and

wherein the touch terminal area does not overlap the
organic layer in a plan view.

10. An electroluminescent device comprising:

a lower structure which has an emission area and a
peripheral area surrounding the emission area, and
which comprises an insulation film and an electrolu-
minescent unit having a lower electrode disposed on
the insulation film, an intermediate film disposed on the
lower electrode, and an upper electrode disposed on the
intermediate film;

a flexible encapsulation multilayer disposed on the emis-
sion area and the peripheral area of the lower structure,
and including at least three layers; and

a touch panel disposed on the flexible encapsulation
multilayer, and having a touch electrode,

wherein the peripheral area includes a lower electrode
power supply terminal, a lower electrode power supply



US 2019/0341429 Al

wire electrically connecting the lower electrode to the
lower electrode power supply terminal. an upper elec-
trode power supply terminal, an upper electrode power
supply wire electrically connecting the upper electrode
to the upper electrode power terminal, a touch terminal,
and a touch wire electrically connecting the touch
electrode to the touch terminal,

wherein the flexible encapsulation multilayer includes a

lower surface comprising only one or more inorganic
materials,
wherein the peripheral area includes an inorganic surface
portion substantially surrounding the emission area,
disposed outside the upper electrode in a plan view, and
comprising only one or more inorganic materials,

wherein an entire of the inorganic surface portion directly
contacts the lower surface of the flexible encapsulation
multilayer,

wherein the lower structure includes a lower encapsulat-

ing inorganic film horizontally expanding below a
surface of the lower structure to vertically correspond
to the emission area and the peripheral area, and a
portion of the lower structure disposed between the
lower encapsulating inorganic film and the entire of the
inorganic surface portion comprises only one or more
inorganic materials,

wherein the touch wire comprises a first portion overlap-

ping the lower electrode power supply wire and a
second portion overlapping the upper electrode power
supply wire,

wherein the upper electrode power supply wire includes

an auxiliary upper electrode extending along a periph-
ery of the emission area and having a top surface
electrically facing a bottom surface of the upper elec-
trode to electrically communicate with the bottom
surface of the upper electrode,

wherein the lower structure further comprises a peripheral

circuit disposed under the auxiliary upper electrode in
the peripheral area, and

wherein a portion of the touch wire extends substantially

along the periphery of the emission area and overlaps
both the auxiliary upper electrode and the peripheral
circuit.

11. The electroluminescent device of claim 10, wherein
the electroluminescent device is capable of being flexed,
bent, folded, rolled, or stretched by an end user.

12. The electroluminescent device of claim 10, wherein
widths of the portions of the touch wires decrease in a
direction away from the emission area.

13. The electroluminescent device of claim 12, wherein
the electroluminescent device is capable of being flexed,
bent, folded, rolled, or stretched by an end user.

14. The electroluminescent device of claim 10, wherein
the peripheral area further includes an auxiliary touch wire
electrically connected to the touch wire and overlapping the
portion of the touch wire.

15. The electroluminescent device of claim 14, wherein
the electroluminescent device is capable of being flexed,
bent, folded, rolled, or stretched by an end user.

16. The electroluminescent device of ¢claim 10, wherein at
least one of the lower electrode power supply terminals, at
least one of the touch terminals, and at least one of the upper
electrode power supply terminals are disposed in a terminal
area of the peripheral area,
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wherein the peripheral area includes a bendable area
extending between the emission area and the terminal
area,

wherein at least one of the lower electrode power supply
wire, the upper electrode power supply wire, and the
touch wire includes a conductive bridge for transmit-
ting an electrical signal through the bendable area, and

wherein the conductive bridge is formed in a different
layer from at least a portion of the rest of the at least one
of the lower electrode power supply wire, the upper
electrode power supply wire, and the touch wire.

17. The electroluminescent device of claim 16, wherein
the electroluminescent device is capable of being flexed,
bent, folded, rolled, or stretched by an end user.

18. An electroluminescent device comprising:

a lower structure which has an emission area and a
peripheral area surrounding the emission area, and
which comprises an insulation film and an electrolu-
minescent unit having a lower electrode disposed on
the insulation film, an intermediate film disposed on the
lower electrode, and an upper electrode disposed on the
intermediate film

a flexible encapsulation multilayer disposed on the emis-
sion area and the peripheral area of the lower structure,
and including at least three layers; and

a touch panel disposed on the flexible encapsulation
multilayer, and having a touch electrode,

wherein the peripheral area includes a lower electrode
power supply terminal, a lower electrode power supply
wire electrically connecting the lower electrode to the
lower electrode power supply terminal, an upper elec-
trode power supply terminal, an upper electrode power
supply wire electrically connecting the upper electrode
to the upper electrode power terminal, a touch terminal,
and a touch wire electrically connecting the touch
electrode to the touch terminal,

wherein the flexible encapsulation multilayer includes a
lower surface comprising only one or more inorganic
materials,

wherein the peripheral area includes an inorganic surface
portion substantially surrounding the emission area,
disposed outside the upper electrode in a plan view, and
comprising only one or more inorganic materials,

wherein an entire of the inorganic surface portion directly
contacts the lower surface of the flexible encapsulation
multilayer,

wherein the lower structure includes a lower encapsulat-
ing inorganic film horizontally expanding below a
surface of the lower structure to vertically correspond
to the emission area and the peripheral area, and a
portion of the lower structure disposed between the
lower encapsulating inorganic film and the entire of the
inorganic surface portion comprises only one or more
inorganic materials,

wherein the touch wire comprises a first portion overlap-
ping the lower electrode power supply wire and a
second portion overlapping the upper electrode power
supply wire,

wherein the lower electrode is disposed on a top surface
of the insulation film, and the entire of the inorganic
surface portion is disposed to be relatively lower than
the top surface of the insulation film,
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wherein the inorganic surface portion has at least a region
including a plurality of inorganic surface branches
which are spaced apart from each other,

wherein the peripheral area further includes an organic
surface portion which is disposed between the inor-
ganic surface branches, which comprises an organic
material, which substantially surrounds the emission
area, and which is substantially surrounded in a plan
view by a direct contact interface between the inorganic
surface portion and the lower surface of the flexible
encapsulation multilayer,

wherein the inorganic surface branches include an outer
inorganic surface branch disposed relatively outer than
the organic surface portion and an inner inorganic
surface branch disposed relatively inner than the
organic surface portion,

wherein the upper electrode power supply wire comprises
a bus wire extending on a top surface of the inorganic
insulating film along a periphery of the emission area
and an auxiliary upper electrode which extends on side
and top surfaces of the insulation film along the periph-
ery of the emission area, the auxiliary upper electrode
having a bottom surface electrically facing a top sur-
face of the bus wire to electrically communicate with
the top surface of the bus wire and a top surface
electrically facing a bottom surface of the upper elec-
trode to electrically communicate with the bottom
surface of the upper electrode,

wherein the inner inorganic surface branch includes at
least a portion of a top surface of the auxiliary upper
electrode to have a height relatively greater than a
height of the outer inorganic surface branch, and

wherein a portion of a surface of the bus wire directly
contacts the lower surface of the flexible encapsulation
multilayer and the portion of the surface of the bus wire
is relatively farther than the organic surface portion
from the emission area.

19. The electroluminescent device of claim 18, wherein

the electroluminescent device is capable of being flexed,
bent, folded, rolled, or stretched by an end user.

20. The electroluminescent device of claim 18,

wherein the inorganic surface portion includes at least two
stepped surface portions each including a top surface
portion of the inorganic insulating film, a side surface
portion of the bus wire, and a top surface portion of the
bus wire, and

wherein the bus wire has an outer edge portion and an
inner edge portion opposite to the outer edge portion,
the outer edge portion of the bus wire is relatively
farther than the inner edge portion of the bus wire from
the emission area, the outer edge portion of the bus wire
is disposed under the bottom surface of the flexible
encapsulation multilayer, and the outer edge portion of
the bus wire is not in direct contact with the bottom
surface of the flexible encapsulation multilayer.

21. The electroluminescent device of claim 20, wherein

the electroluminescent device is capable of being flexed,
bent, folded, rolled, or stretched by an end user.

22. The electroluminescent device of claim 20,

wherein the inorganic surface portion further includes at
least two stepped surface portions each including a top
surface portion of the inorganic insulating film, a side
surface portion of the auxiliary upper electrode, and a
top surface portion of the auxiliary upper electrode, and
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wherein the auxiliary upper electrode has an outer edge
portion and an inner edge portion opposite to the outer
edge portion, the outer edge portion of the auxiliary
upper electrode is relatively farther than the inner edge
portion of the auxiliary upper electrode from the emis-
sion area, the outer edge portion of the auxiliary upper
electrode is disposed under the bottom surface of the
flexible encapsulation multilayer, and the outer edge
portion of the auxiliary upper electrode is not in direct
contact with the bottom surface of the flexible encap-
sulation multilayer.
23. The electroluminescent device of claim 22, wherein
the electroluminescent device is capable of being flexed,
bent, folded, rolled, or stretched by an end user.
24. The electroluminescent device of claim 20,
wherein the inorganic surface portion further includes at
least two stepped surface portions each including a top
surface portion of the bus wire, a side surface portion
of the auxiliary upper electrode, and a top surface
portion of the auxiliary upper electrode, and
wherein the auxiliary upper electrode has an outer edge
portion and an inner edge portion opposite to the outer
edge portion, the outer edge portion of the auxiliary
upper electrode is relatively farther than the inner edge
portion of the auxiliary upper electrode from the emis-
sion area, the outer edge portion of the auxiliary upper
electrode is disposed under the bottom surface of the
flexible encapsulation multilayer, and the outer edge
portion of the auxiliary upper electrode is not in direct
contact with the bottom surface of the flexible encap-
sulation multilayer.
25. The electroluminescent device of claim 24, wherein
the electroluminescent device is capable of being flexed,
bent, folded, rolled, or stretched by an end user.
26. The electroluminescent device of claim 20,
wherein the inorganic surface portion further includes at
least two stepped surface portions each including a top
surface portion of the inorganic insulating film, a side
surface portion of the auxiliary upper electrode, and a
top surface portion of the auxiliary upper electrode,

wherein the inorganic surface portion further includes at
least two stepped surface portions each including a top
surface portion of the bus wire, a side surface portion
of the auxiliary upper electrode, and a top surface
portion of the auxiliary upper electrode, and

wherein the auxiliary upper electrode has an outer edge

portion and an inner edge portion opposite to the outer
edge portion, the outer edge portion of the auxiliary
upper electrode is relatively farther than the inner edge
portion of the auxiliary upper electrode from the emis-
sion area, the outer edge portion of the auxiliary upper
electrode is disposed under the bottom surface of the
flexible encapsulation multilayer, and the outer edge
portion of the auxiliary upper electrode is not in direct
contact with the bottom surface of the flexible encap-
sulation multilayer.

27. The electroluminescent device of claim 26, wherein
the electroluminescent device is capable of being flexed,
bent, folded, rolled, or stretched by an end user.

28. The electroluminescent device of claim 18, wherein
the portion of the surface of the bus wire, which directly
contacts the lower surface of the flexible encapsulation
multilayer, is included in the outer inorganic surface branch.
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29. The electroluminescent device of claim 28, wherein
the electroluminescent device is capable of being flexed,
bent, folded, rolled, or stretched by an end user.
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https://share-analytics.zhihuiya.com/view/e2c615f7-4a4b-475f-bc4f-34fbc1e9058d
https://worldwide.espacenet.com/patent/search/family/063519638/publication/US2019341429A1?q=US2019341429A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190341429%22.PGNR.&OS=DN/20190341429&RS=DN/20190341429

