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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Korean
Application No. 10-2016-0141602, filed on Oct. 28, 2016,
the entirety of which is hereby incorporated by reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an organic light-
emitting display device, and, more particularly, to an organic
light-emitting display device including a touch sensor, and a
method of manufacturing the same.

2. Discussion of the Related Art

[0003] Touch screens are input devices that enable a user
command to be input by selecting an instruction displayed
on a screen of a display device with the user’s finger or an
object. That is, touch screens convert a touch position,
directly contacting a person’s finger or an object, into an
electrical signal, and an instruction selected at the touch
position is recognized as an input signal. The touch screens
can replace a separate input device that is connected to a
display device to operate, such as keyboards and mouse
devices. Thus, the use range of the touch screens is progres-
sively expanding.

[0004] Generally, the touch screen is attached on a front
surface of a display panel, such as a liquid crystal display
panel or an organic light-emitting display panel, by an
adhesive. A display device with a touch screen attached
thereon blocks inflow of external light using a polarizer for
preventing image quality from being degraded by light
incident from the outside.

[0005] However, in the related art display device, because
external light is reflected by the polarizer, a screen looks like
a mirror when outdoors. For this reason, image visibility is
reduced when outdoors, causing the degradation in image

quality.
SUMMARY

[0006] Accordingly, the present disclosure is directed to
an organic light-emitting display device and a method of
manufacturing the same that substantially obviate one or
more of the issues due to limitations and disadvantages of
the related art.

[0007] In one aspect, embodiments of the present disclo-
sure may provide an organic light-emitting display device
with enhanced image quality.

[0008] Additional features and aspects will be set forth in
the description that follows, and in part will be apparent
from the description, or may be learned by practice of the
inventive concepts provided herein. Other features and
aspects of the inventive concepts may be realized and
attained by the structure particularly pointed out in the
written description, or derivable therefrom, and the claims
hereof as well as the appended drawings.

[0009] To achieve these and other aspects of the inventive
concepts as embodied and broadly described, there is pro-
vided an organic light-emitting display device, including: a
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substrate; a pixel array layer on the substrate, the pixel array
layer including a plurality of pixels, each of the plurality of
pixels including an organic light-emitting device, an encap-
sulation layer covering the pixel array layer, and a touch
sensing layer on the encapsulation layer, the touch sensing
layer including: a plurality of first touch electrodes, and a
plurality of second touch electrodes, wherein the plurality of
first and second touch electrodes each include: a transparent
conductive layer on an upper surface of the encapsulation
layer, and a mesh metal layer on the transparent conductive
layer, the mesh metal layer including at least three metal
layers.

[0010] In another aspect, there is provided an organic
light-emitting display device, including: providing a sub-
strate; providing a pixel array layer on the substrate, the
providing the pixel array layer comprising providing a
plurality of pixels, each of the plurality of pixels comprising
an organic light-emitting device; covering the pixel array
layer with an encapsulation layer; and providing a touch
sensing layer on the encapsulation layer, the providing the
touch sensing layer comprising: providing a plurality of first
touch electrodes; and providing a plurality of second touch
electrodes, wherein the providing the plurality of first and
second touch electrodes each comprise: providing a trans-
parent conductive layer on an upper surface of the encap-
sulation layer, and providing a mesh metal layer on the
transparent conductive layer, the mesh metal layer compris-
ing at least three metal layers.

[0011] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the present disclosure,
and be protected by the following claims. Nothing in this
section should be taken as a limitation on those claims.
Further aspects and advantages are discussed below in
conjunction with the embodiments of the disclosure. It is to
be understood that both the foregoing general description
and the following detailed description of the present disclo-
sure are examples and explanatory, and are intended to
provide further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, that may be included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles of the
disclosure.

[0013] FIG. 11s a perspective view illustrating an organic
light-emitting display device according to an embodiment of
the present disclosure.

[0014] FIG. 2 is a cross-sectional view taken along line I-1
of FIG. 1, and illustrates a substrate, a pixel array layer, and
an encapsulation layer according to an embodiment of the
present disclosure.

[0015] FIG. 3 is a plan view illustrating a touch sensing
layer of an organic light-emitting display device according
to an embodiment of the present disclosure.

[0016] FIG. 4 is an enlarged view of FIG. 3, and illustrates
a touch electrode layer according to an embodiment of the
present disclosure.
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[0017] FIG. 5 is a cross-sectional view taken along line
1I-1IT of FIG. 4, and illustrates a touch sensing layer of an
organic light-emitting display device according to an
embodiment of the present disclosure.

[0018] FIG. 6 is a diagram showing destructive interfer-
ence of a second bridge and a mesh metal layer according to
an embodiment of the present disclosure.

[0019] FIG. 7 is a graph showing an external light reflec-
tance of a reflective layer according to an embodiment of the
present disclosure with respect to a wavelength.

[0020] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals should be understood to refer to the same ele-
ments, features, and structures. The relative size and depic-
tion of these elements may be exaggerated for clarity,
illustration, and convenience.

DETAILED DESCRIPTION

[0021] Reference will now be made in detail to some
embodiments of the present disclosure, examples of that
may be illustrated in the accompanying drawings. In the
following description, when a detailed description of well-
known functions or configurations related to this document
is determined to unnecessarily cloud a gist of the inventive
concept, the detailed description thereof will be omitted. The
progression of processing steps and/or operations described
is an example; however, the sequence of steps and/or opera-
tions is not limited to that set forth herein and may be
changed as is known in the art, with the exception of steps
and/or operations necessarily occurring in a particular order.
Like reference numerals designate like elements throughout.
Names of the respective elements used in the following
explanations are selected only for convenience of writing the
specification and may be thus different from those used in
actual products.

[0022] In the description of embodiments, when a struc-
ture is described as being positioned “on or above” or “under
or below” another structure, this description should be
construed as including a case in which the structures contact
each other as well as a case in which a third structure is
disposed therebetween.

[0023] FIG. 1is a perspective view illustrating an organic
light-emitting display device according to an embodiment of
the present disclosure.

[0024] With reference to the FIG. 1 example, the organic
light-emitting display device according to an embodiment of
the present disclosure may include a substrate 100, a pixel
array layer 200, an encapsulation layer 300, and a touch
sensing layer 400. The substrate 100, which may be a base
substrate, may include, e.g., one or more of: a plastic
material, a glass material, or the like. The substrate 100
according to an embodiment may include a flexible plastic
material, and, for example, may include opaque or colored
polyimide (PI). The substrate 100 according to an embodi-
ment may be manufactured by curing polyimide resin that
may be coated on an upper surface of a release layer
provided on a relatively thick carrier substrate to have a
particular thickness. Here, the carrier substrate may be
separated from the substrate 100 by releasing the release
layer, e.g., through a laser release process.

[0025] Additionally, the organic light-emitting display
device according to an embodiment of the present disclosure
may further include a back plate that may be coupled to a
bottom of the substrate 100 with respect to a vertical axis
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direction (or a thickness direction of the substrate 100). The
back plate may maintain the substrate 100 in a planar state.
The back plate according to an embodiment may include a
plastic material, for example, polyethyleneterephthalate
(PET). The back plate may be laminated on the bottom of the
substrate 100 separated from the carrier substrate, thereby
maintaining the first substrate 110 in a planar state.

[0026] The pixel array layer 200 may include a plurality of
pixels that are provided on the substrate 100 to display an
image. The plurality of pixels may be respectively provided
in a plurality of pixel areas defined by a plurality of gate
lines, a plurality of data lines, and a plurality of pixel driving
power lines. Each of the plurality of pixels may be an area
corresponding to a minimum unit in which actual light is
emitted, and may be defined as a subpixel. At least three
adjacent pixels may configure one unit pixel for displaying
a color. For example, the one unit pixel may include a red
pixel, a green pixel, and a blue pixel that may be adjacent to
each other, and may further include a white pixel for
enhancing luminance.

[0027] Each of the pixels according to an embodiment
may include a pixel circuit. The pixel circuit may be
provided in a circuit area defined in a corresponding pixel,
and may be connected to a gate line, a data line, and a pixel
driving power line that may be adjacent thereto. The pixel
circuit may control a current flowing in an organic light-
emitting device according to a data signal supplied through
the data line in response to a scan pulse supplied through the
gate line, based on a pixel driving power supplied through
the pixel driving power line. The pixel circuit according to
an embodiment may include a switching thin film transistor
(TFT), a driving TFT, and a capacitor.

[0028] The switching TFT and the driving TFT may each
include a gate insulation layer, an active layer, a gate
electrode, a source electrode, and a drain electrode. Here, the
switching TFT and the driving TFT may each be an amor-
phous silicon (a-Si) TFT, a poly-Si TFT, an oxide TFT, an
organic TFT, or the like.

[0029] The switching TFT may include a gate electrode
connected to the gate line, a first electrode connected to the
data line, and a second electrode connected to a gate
electrode of the driving TFT. Here, each of the first and
second electrodes of the switching TFT may be a source
electrode or a drain electrode depending on a direction of a
current. The switching TFT may be turned on by the scan
pulse supplied through the gate line and may supply the data
signal, supplied through the data line, to the driving TFT.
[0030] The driving TFT may be turned on by a voltage
supplied through the switching TFT and/or a voltage of the
capacitor and may control the amount of current flowing
from the pixel driving power line to the organic light-
emitting device. To this end, the driving TFT according to an
embodiment may include the gate electrode connected to the
second electrode of the switching TFT, a source electrode
connected to the pixel driving power line, and a drain
electrode connected to the organic light-emitting device. The
driving TFT may control a data current flowing from the
pixel driving power line to the organic light-emitting device,
based on the data signal supplied through the switching TFT,
thereby allowing the organic light-emitting device to emit
light having a brightness proportional to the data signal.
[0031] The capacitor may be provided in an overlap area
between the gate electrode and the source electrode of the
driving TFT. The capacitor may store a voltage correspond-
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ing to the data signal supplied to the gate electrode and may
turn on the driving TFT with the stored voltage.

[0032] In addition, the organic light-emitting display
device according to an embodiment of the present disclosure
may further include a scan driving circuit that may be
provided in a non-display area of the substrate 100. The scan
driving circuit may generate the scan pulse according to a
gate control signal input thereto, and may supply the scan
pulse to the gate line. The scan driving circuit according to
an embodiment may be provided in an arbitrary non-display
area, enabling the scan pulse to be supplied to the gate line
of the non-display area provided on the substrate 100 along
with a TFT of the pixel.

[0033] The encapsulation layer 300 may be formed to
cover the pixel array layer 200 for reducing or preventing
penetration of water from each pixel to protect the organic
light-emitting device that may be vulnerable to external
water or oxygen. That is, the encapsulation layer 300 may be
provided on the substrate 100 to cover the below-described
second electrode.

[0034] The encapsulation layer 300 according to an
embodiment may be formed of an inorganic material layer
or an organic material layer, or may be formed in a multi-
layer structure in which an inorganic material layer and an
organic material layer may be alternately stacked.

[0035] For sensing a position of a user touch, the touch
sensing layer 400 may be directly provided on the encap-
sulation layer 300 of the organic light-emitting display
panel. That is, the touch sensing layer 400 may not be
separately manufactured, and may not be indirectly coupled
to an upper surface of the encapsulation layer 300 by a
separate optical adhesive. In this case, the touch sensing
layer 400 may be directly formed on the encapsulation layer
300.

[0036] FIG. 2is a cross-sectional view taken along line I-1
of FIG. 1, and illustrates a substrate, a pixel array layer, and
an encapsulation layer according to an embodiment of the
present disclosure.

[0037] With reference to the FIG. 2 example, a pixel array
layer 200 according to an embodiment of the present dis-
closure may include a gate insulation layer 210, a TFT 220,
an interlayer dielectric 230, a passivation layer 240, a
planarization layer 250, an organic light-emitting device
260, and a bank 270. The TFT 220 may include an active
layer 221, a gate electrode 222, a source electrode 223, and
a drain electrode 224.

[0038] The active layer 221 may be disposed on the
substrate 100. The active layer 221 may include, for
example, a silicon-based semiconductor material or an
oxide-based semiconductor material. A light blocking layer
for blocking external light incident on the active layer 221
and a buffer layer for protecting the TFT 220 and the organic
light-emitting device 260 from water may be additionally
provided under the active layer 221.

[0039] The gate insulation layer 210 may be formed on the
active layer 221. The gate insulation layer 220 may include
an inorganic layer, for example, silicon oxide (8i0,), silicon
nitride (SiN,), or a multilayer thereof.

[0040] The gate electrode 222 may be disposed on the gate
insulation layer 210. A gate line may be formed on the gate
insulation layer 210. The gate electrode 222 and the gate line
may each include a single layer or a multilayer that may
include, for example, one or more of molybdenum (Mo),
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aluminum (Al), chromium (Cr), gold (Au), titanium (Ti),
nickel (Ni}, neodymium (Nd), copper (Cu), or an alloy of
any thereof.

[0041] The interlayer dielectric 230 may be formed on the
gate electrode 222. The interlayer dielectric 230 may be
formed of an inorganic layer, for example, Si0,, SiN,, or a
multilayer thereof.

[0042] The source electrode 223 and the drain electrode
224 may be disposed on the interlayer dielectric 230. A data
line may be disposed on the interlayer dielectric 230. The
source electrode 223 may contact the active layer 221
through a contact hole CT1 which passes through the gate
insulation layer 210 and the interlayer dielectric 230. The
drain electrode 224 may contact the active layer 221 through
another contact hole CT1 that may pass through the gate
insulation layer 210 and the interlayer dielectric 230. The
source electrode 223, the drain electrode 224, and the data
line may each include, for example, a single layer or a
multilayer that may include, e.g., one or more of Mo, Al, Cr,
Au, Ti, Ni, Nd, Cu, or an alloy of any thereof.

[0043] In FIG. 2, the TFT 220 is illustrated as having a
top-gate type in which the gate electrode 222 is disposed on
the active layer 221, but embodiments are not limited
thereto. In other embodiments, the TFT 220 may be formed
as a bottom-gate type in which the gate electrode 222 is
disposed under the active layer 221, or may be a double-gate
type in which the gate electrode 222 is disposed both on and
under the active layer 221.

[0044] The passivation layer 240 may be disposed on the
source electrode 223, the drain electrode 224, and the data
line. The passivation layer 240 may insulate the TFT 220.
The passivation layer 240 may be formed of an inorganic
layer, for example, SiO,, SiN,, or a multilayer thereof.
[0045] The planarization layer 250 may be formed on the
passivation layer 240. The planarization layer 250 may
planarize a step height caused by the TFT 220 on the
passivation layer 240. The planarization layer 250 may be
formed of an organic layer, such as acryl resin, epoxy resin,
phenolic resin, polyamide resin, polyimide resin, or the like.
[0046] The organic light-emitting device 260 and the bank
270 may be disposed on the planarization layer 250. The
organic light-emitting device 260 may include a first elec-
trode 261, an organic light-emitting layer 262, and a second
electrode 263. The first electrode 261 may be an anode
electrode, and the second electrode 263 may be a cathode
electrode.

[0047] The first electrode 261 may be disposed on the
planarization layer 250. The first electrode 261 may be
connected to the drain electrode 224 of the TFT 220 through
a contact hole CT2 passing through the passivation layer 240
and the planarization layer 250. The first electrode 261 may
be formed of a conductive material, which may be high in
reflectance, such as a stacked structure (Ti/Al/Ti) of Al and
Ti, a stacked structure (ITO/AIITO) of Al and indium tin
oxide (ITO), an APC alloy, a stacked structure (ITO/APC/
ITO) of an APC alloy and ITO, or the like. The APC alloy
may be, for example, an alloy of silver (Ag), palladium (Pd),
and Cu.

[0048] The bank 270 may be disposed on the planarization
layer 250 to overlap the first electrode 261. The bank 270
may be disposed on the first electrode 261 in the contact hole
CT2. An emissive area of the pixel may be defined as an area
in which the first electrode 261, the organic light-emitting
layer 262, and the second electrode 263 are sequentially
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stacked to emit particular light. In this case, the first elec-
trode 261, the organic light-emitting layer 262, and the
second electrode 263 may be sequentially stacked in an area
in which the bank 270 is not provided. Therefore, the bank
270 may divide the emissive area, and may define the
emissive area.

[0049] The organic light-emitting layer 262 may be dis-
posed on the first electrode 261. The organic light-emitting
layer 262 may be a white light-emitting layer that may emit
white light. In this case, the organic light-emitting layer 262
may be formed in a tandem structure of two or more stacks.
Each of the stacks may include a hole transporting layer, at
least one light-emitting layer, and an electron transporting
layer. The organic light-emitting layer 262 may be formed in
a deposition process or a solution process. In a case of being
formed in the deposition process, the organic light-emitting
layer 262 may be formed in an evaporation process.

[0050] The second electrode 263 may be disposed on the
organic light-emitting layer 262. The second electrode 263
may be disposed on the bank 270. The second electrode 263
may be formed, for example, of a transparent conductive
material (or TCO), such as indium tin oxide (ITO) or indium
zine oxide (IZO) capable of transmitting light, or a semi-
transmissive conductive material, such as Mg, Ag, or an
alloy of Mg and Ag. A capping layer may be disposed on the
second electrode 263. The second electrode 263 may be
formed, e.g., through a physical vapor deposition (PVD)
process, such as a sputtering process.

[0051] The encapsulation layer 300 may be disposed on
the second electrode 263. The encapsulation layer 300 may
reduce or prevent oxygen or water from penetrating into the
organic light-emitting layer 262 and the second electrode
263. As such, the encapsulation layer 300 may include at
least one inorganic layer and at least one organic layer. The
encapsulation layer 300 may be formed, e.g., through a
physical vapor deposition (PVD) process, such as a sputter-
ing process.

[0052] The encapsulation layer 300 according to an
embodiment may include a first inorganic layer 301, an
organic layer 302, and a second inorganic layer 303. In one
example, the first inorganic layer 301 may be disposed on
the second electrode 263 to cover the second electrode 263.
The organic layer 302 may be disposed on the first inorganic
layer 301 to cover the first inorganic layer 301. To reduce or
prevent particles from penetrating into the organic light-
emitting layer 262 and the second electrode 263 via the first
inorganic layer 301, the organic layer 302 may have a
sufficient thickness in consideration of preventing the pen-
etration of the particles. The second inorganic layer 303 may
be disposed on the organic layer 302 to cover the organic
layer 302.

[0053] The first inorganic layer 301 may be disposed
closest to the organic light-emitting device 260, and may be
formed of an inorganic insulating material, which may be
deposited at a low temperature, such as nitride silicon
(SiN,), oxide silicon (8i0,), oxynitride silicon (SiON),
oxide aluminum (AL,O;), or the like. In one example,
because the organic light-emitting layer 262 may have a
characteristic that may be vulnerable to a high temperature,
the first inorganic layer 301 may be formed by a low
temperature process using a low temperature atmosphere,
for example, 100° (degrees) C. or less. Accordingly, in one
embodiment, the organic light-emitting layer 260 may be
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prevented from being damaged by a high temperature atmo-
sphere applied to a process chamber when forming the first
inorganic layer 301.

[0054] The organic layer 302 may be provided on the
substrate 100 to cover a whole upper surface of the first
inorganic layer 301. The organic layer 302 may reduce a
stress between layers caused by bending of the organic
light-emitting display device. The organic layer 302 accord-
ing to an embodiment may include an organic material, such
as benzocyclobutadiene (BCB), acryl, polyimide, silicon
oxycarbon (SiOC), or the like.

[0055] The second inorganic layer 303 may be provided
on the substrate 100 to cover a whole upper surface of the
organic layer 302 and each side surface of the first inorganic
layer 301. The second inorganic layer 303 may reduce or
prevent water or oxygen from penetrating into the organic
layer 302 and the first inorganic layer 301 from the outside
of the organic light-emitting display device. The second
inorganic layer 303 according to an embodiment may be
formed of an inorganic insulating material, which may be
deposited at a low temperature, such as nitride silicon
(SiN,), oxide silicon (Si0,), oxynitride silicon (SiON),
oxide aluminum (Al,0;), or the like. The substrate 100, the
pixel array layer 200, and the encapsulation layer 300 may
configure an organic light-emitting display panel.

[0056] FIG. 3 is a plan view illustrating a touch sensing
layer of an organic light-emitting display device according
to an embodiment of the present disclosure.

[0057] With reference to the FIG. 3 example, a touch
sensing layer 400 according to an embodiment of the present
disclosure may include a touch driving line TD and a touch
sensing line TS that may be provided on the encapsulation
layer 300. The touch driving line TD may include a plurality
of first touch electrodes TE1 and a first bridge 450 that may
electrically connect the plurality of first touch electrodes
TEL.

[0058] The plurality of first touch electrodes TE1 may be
arranged along a first direction, and may be spaced apart
from each other by a particular interval. Each of the plurality
of first touch electrodes TE1 may have a rectangular shape,
an octagonal shape, a circular shape, a lozenge shape, or the
like. Each of the plurality of first touch electrodes TE1 may
be electrically connected to an adjacent first touch electrode
TE1, e.g., through the first bridge 450.

[0059] The first bridge 450 may be electrically connected
to the first touch electrodes TE1 without a separate contact
hole. The touch sensing line TS may include a plurality of
second touch electrodes TE2 and a second bridge 410 that
may electrically connect the plurality of second touch elec-
trodes TE2.

[0060] The plurality of second touch electrodes TE2 may
be arranged along a second direction perpendicular to the
first direction, and may be spaced apart from each other by
a particular interval. Each of the plurality of second touch
electrodes TE2 may have a rectangular shape, an octagonal
shape, a circular shape, a lozenge shape, or the like. Each of
the plurality of second touch electrodes TE2 may be elec-
trically connected to an adjacent second touch electrode
TE2, e.g., through the second bridge 410.

[0061] The second bridge 410 may be electrically con-
nected to the second touch electrodes TE2 through a contact
hole CT3. As described above, the touch sensing line TS
may intersect the touch driving line TD with the touch
insulation layer 420 therebetween. Thus, a mutual capacitor
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having a mutual capacitance may be provided in an inter-
section portion of the touch sensing line TS and the touch
driving line TD. Accordingly, the mutual capacitor may be
charged with an electric charge by a touch driving pulse
supplied through the touch driving line TD, and may dis-
charge the charged electric charge to the touch sensing line
TS, thereby acting as a touch sensor.

[0062] Each of the touch driving line TD and the touch
sensing line TS according to an embodiment of the present
disclosure may be connected to a touch driver (not shown)
through a routing line 110 and a touch pad 120. Therefore,
the routing line 110 may transfer a touch driving pulse,
generated by the touch driver, to the touch driving line TD
through the touch pad 120, and may transfer a touch signal,
supplied through the touch sensing line TS, to the touch pad
120. The routing line 110 may be disposed between the
touch pad 120 and each of the first and second touch
electrodes TE1 and TE2, and may be electrically connected
to each of the first and second touch electrodes TE1 and TE2
without a separate contact hole.

[0063] The routing line 110 connected to the first touch
electrode TE1 may extend to one side, and may be connected
to the touch pad 120. The routing line 110 connected to the
second touch electrode TE2 may extend to one side, and may
be connected to the touch pad 120. A disposition of the
routing line 110 is not limited to the structure of the example
of FIG. 3, and may be variously modified, depending on a
design of the display device.

[0064] The routing line 110 may be a single-layer or
multi-layer structure using a first conductive layer, which
may be strong in corrosion resistance and acid resistance,
and may be good in conductivity, such as Al, Ti, Cu, Mo, or
the like. For example, the routing line 110 may be a
three-layer structure in which layers may be stacked, like
Ti/Al/Ti or Mo/Al/Mo, or may be a multi-layer structure that
may include a transparent conductive layer, which may have
strong corrosion resistance and acid resistance, such as ITO
or 170, and an opaque conductive layer, which may have
good conductivity, such as Ti/Al/Ti or Mo/Al/Mo.

[0065] The touch pad 120 may include a pad electrode 121
and a pad cover electrode 122 that may be disposed on the
pad electrode 121 to cover the pad electrode 121. The pad
electrode 121 may extend from the routing line 110. Thus,
the pad electrode 121 may be formed of a material that may
be the same as that of the routing line 110. The pad cover
electrode 122 may be disposed to cover the pad electrode
121 exposed by an insulation layer. The pad cover electrode
122 may be exposed by a touch barrier film. Thus, the pad
cover electrode 122 may be connected to a signal transmis-
sion film with a touch driver mounted thereon. Here, the
touch barrier film may be formed to cover the touch sensing
line TS and the touch driving line TD, thereby reducing or
preventing the organic light-emitting device 260 as well as
the touch sensing line TS and the touch driving line TD from
being damaged by external water or the like. The touch
barrier film may be formed in a structure in which an
inorganic insulation layer may be coated on an organic
insulating film. A circular polarizer or an optical film, such
as an organic light-emitting diode (OLED) transmittance
controllable film (OTF), may be disposed on the touch
barrier film.

[0066] FIG. 4 is an enlarged view of FIG. 3, and illustrates
a touch electrode layer according to an embodiment of the
present disclosure. FIG. 5 is a cross-sectional view taken
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along line TI-1T of FIG. 4, and illustrates a touch sensing
layer of an organic light-emitting display device according
to an embodiment of the present disclosure. FIG. 6 is a
diagram showing destructive interference of a second bridge
and a mesh metal layer according to an embodiment of the
present disclosure.

[0067] With reference to the examples of FIGS. 4 and 5,
a touch sensing layer 400 of an organic light-emitting
display device according to an embodiment of the present
disclosure may include a second bridge 410, a touch insu-
lation layer 420, a plurality of transparent conductive layers
430 and 435, a mesh metal layer 440, and a first bridge 450.

[0068] The second bridge 410 may be a bridge electrode
that may electrically connect adjacent second touch elec-
trodes TE2. The second bridge 410 may be provided on a
layer different from the second touch electrodes TE2, and
may electrically connect two adjacent second touch elec-
trodes TE2 that may be separated from each other by the first
bridge 450. In one example, the first bridge 450 and the
second bridge 410 may be electrically disconnected from
each other by the touch insulation layer 420.

[0069] The second bridge 410 may be electrically con-
nected to the second touch electrodes TE2 through a contact
hole CT3. Foe example, the second bridge 410 may be
electrically connected to the transparent conductive layer
430 through the contact hole CT3 passing through the touch
insulation layer 420. The second bridge 410 may be dis-
posed to overlap a bank 270, thereby reducing or preventing
an aperture ratio from being damaged by the second bridge
410.

[0070] The second bridge 410 may be directly provided on
an upper surface of an encapsulation layer 300, and may
include at least three metal layers. The second bridge 410
according to an embodiment of the present disclosure may
include a reflective layer 411, a light path change layer 412,
and a semi-transmissive layer 413.

[0071] The reflective layer 411 may be directly disposed
on the upper surface of the encapsulation layer 300. The
reflective layer 411 according to an embodiment may
include, for example, molybdenum titanium (MoTi) or
molybdenum (Mo). Because MoTi is high in adhesive force,
MoTi may reduce or prevent the reflective layer 411 from
being stripped from the encapsulation layer 300, and MoTi
is low in reflectance.

[0072] The light path change layer 412 may be disposed
on the reflective layer 411. The light path change layer 412
according to an embodiment may include, for example, ITO
or [ZO. The light path change layer 412 may include, in
addition or alternatively, SiO,, SiN,, Al,O;, or the like.

[0073] With reference to the FIG. 6 example, the light path
change layer 412 may be disposed between the reflective
layer 411 and the semi-transmissive layer 413 to cause
destructive interference based on a light path difference. For
example, some of external light EL incident on the semi-
transmissive layer 413 may be reflected as first reflection
light RL1 by the light path change layer 412, and other light
of the external light EL that passes through the light path
change layer 412 without being reflected by the light path
change layer 412 may be reflected as second reflection light
RL2 to the reflective layer 411 via the light path change layer
412. However, the first and second reflection lights RL1 and
RL2 may be dissipated by the destructive interference. As
such, a thickness of the light path change layer 412 may be
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set for the first and second reflection lights RL.1 and RT.2 to
be dissipated by destructive interference caused by a phase
difference.

[0074] Therefore, in the second bridge 410 according to an
embodiment of the present disclosure, destructive interfer-
ence may occur in the external light EL incident by the light
path change layer 412. For at least this reason, reflectance
may be reduced. Accordingly, the organic light-emitting
display device according to an embodiment of the present
disclosure may lessen or prevent image visibility from being
reduced at an outdoor place without a polarizer that is used
in the related art, thereby enhancing image quality.

[0075] The semi-transmissive layer 413 may be disposed
on the light path change layer 412. The semi-transmissive
layer 413 according to an embodiment may include, for
example, MoTi or Mo. The semi-transmissive layer 413
according to an embodiment of the present disclosure may
be formed of the same material as that of the reflective layer
411. In this case, a thickness of the semi-transmissive layer
413 may be thinner than that of the reflective layer 411.
Thus, the semi-transmissive layer 413 may semi-transmit
external light incident thereon.

[0076] If the reflective layer 411 has a thickness of 500 A
or more, the second bridge 410 may have a reflectance of
10% or less of external light incident thereon. The following
Table 1 shows a result value obtained by performing an
experiment for checking a thickness-based reflectance dif-
ference of the reflective layer 411 with respect to the external
light incident on the second bridge 410.

TABLE 1
Thickness
100A  300A 500A 800A 10004
Reflectance (%) 15.342 11.094 9.732 8.687 8.935

[0077] With reference to Table 1, in the second bridge 410,
if a thickness of the reflective layer 411 is 100 A, then a
reflectance 1s 15.342%; and if a thickness of the reflective
layer 411 is 300 A, then a reflectance is 11.094%, whereby
the second bridge 410 has a reflectance of 10% or more.
However, if a thickness of the reflective layer 411 is 1,000
A, then a reflectance is 9.732% a thickness of the reflective
layer 411 is 500 A, a reflectance is 8.687% a thickness of the
reflective layer 411 is 800 A, and a thickness of the reflective
layer 411 is 8.935%. Therefore, if a thickness of the reflec-
tive layer 411 is 500 A or more, then the second bridge 410
has a reflectance of 10% or less. However, because the
second inorganic layer 303 of the encapsulation layer 300
can be etched and damaged, a total deposition thickness of
the second bridge 410 may be less than or equal to 2,000 A.
[0078] The touch insulation layer 420 may be provided on
the encapsulation layer 300 to cover the second bridge 410.
The touch insulation layer 420 may be formed of an organic
material or an inorganic material. If the touch insulation
layer 420 is formed of the organic material, the touch
insulation layer 420 may be provided, for example, through
a coating process of coating the organic material on the
encapsulation layer 300 and a curing process of curing the
coated organic material at a temperature of 100° (degrees) C.
or less. If the touch insulation layer 420 is formed of the
inorganic material, the touch insulation layer 420 may be
formed of the inorganic material, for example, deposited on
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the encapsulation layer 300 through a low temperature
chemical deposition process and a cleaning process that may
be alternately performed twice or more. Subsequently, the
touch insulation layer 420 may be patterned, for example,
through a photolithography process and an etching process.
Thus, the contact hole CT3 may be formed.

[0079] The first bridge 450, the first touch electrodes TE1,
and the second touch electrodes TE2 may be directly pro-
vided on an upper surface of the touch insulation layer 420.
The first bridge 450 may overlap the second bridge 410. The
first bridge 450 and the first and second touch electrodes
TE1 and TE2 may include the transparent conductive layers
430 and 435 and the mesh metal layer 440.

[0080] The transparent conductive layers 430 and 435 may
be disposed on the touch insulation layer 420. The trans-
parent conductive layer 430 may be electrically connected to
the second bridge 410 through the contact hole CT3 passing
through the touch insulation layer 420.

[0081] The transparent conductive layers 430 and 435
according to an embodiment may each include an amor-
phous transparent conductive material, for example, amor-
phous ITO. For example, to reduce, prevent, or minimize a
damage of the pixel array layer 200 caused by a process
temperature for forming the transparent conductive layers
430 and 435, the transparent conductive layers 430 and 435
may be formed of the amorphous transparent conductive
material through a low temperature deposition process using
a process temperature of 100° (degrees) C. or less. That is,
in an example in which the transparent conductive layers
430 and 435 are formed of a crystalline transparent conduc-
tive material, the pixel array layer 200 may be damaged by
a high temperature thermal treatment process which may be
performed for securing a low resistance value. Therefore, in
an embodiment, the transparent conductive layers 430 and
435 may be formed of the amorphous transparent conductive
material through a low temperature metal deposition pro-
cess.

[0082] The mesh metal layer 440 may be disposed on the
transparent conductive layers 430 and 435. The mesh metal
layer 440 may include at least three metal layers. The mesh
metal layer 440 according to an embodiment of the present
disclosure may include a reflective layer 441, a light path
change layer 442, and a semi-transmissive layer 443.

[0083] The reflective layer 441 may be provided on the
transparent conductive layer 430. The reflective layer 441
according to an embodiment may include, e.g., MoTi or Mo.
MoTi may be high in adhesive force and may be low in
reflectance.

[0084] The light path change layer 442 may be disposed
on the reflective layer 441. The light path change layer 442
according to an embodiment may include ITO or IZ0. The
light path change layer 442 may include, in addition or
alternatively, Si0,, SiN_, Al,QO;, or the like. The light path
change layer 442 may be disposed between the reflective
layer 441 and the semi-transmissive layer 443 to cause
destructive interference based on a light path difference.
Therefore, in the mesh metal layer 440 according to an
embodiment of the present disclosure, destructive interfer-
ence may occur in external light incident by the light path
change layer 442. For at least this reason, reflectance may be
reduced. Accordingly, the organic light-emitting display
device according to an embodiment of the present disclosure
may reduce or prevent image visibility from being reduced
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at an outdoor place without the polarizer of the related art,
thereby enhancing image quality.

[0085] The semi-transmissive layer 443 may be disposed
on the light path change layer 442. The semi-transmissive
layer 443 according to an embodiment may include, for
example, MoTi or Mo. The semi-transmissive layer 443
according to an embodiment of the present disclosure may
be formed of the same material as that of the reflective layer
441. In this case, a thickness of the semi-transmissive layer
443 may be thinner than that of the reflective layer 411.
Thus, the semi-transmissive layer 443 may semi-transmit
external light incident thereon.

[0086] The mesh metal layer 440, the first bridge 450, and
the plurality of first and second touch electrode TE1 and TE2
including the mesh metal layer 440 may have a reflectance
of about 10% with respect to external light incident thereon
in an example in which a thickness is 500 A or more.
Accordingly, using a low reflection metal layer stacking
structure, the organic light-emitting display device accord-
ing to an embodiment of the present disclosure may reduce
or prevent reflection of external light without a polarizer,
thereby reducing the manufacturing cost, preventing the loss
of luminance caused by the polarizer, and enhancing image
quality.

[0087] In the organic light-emitting display device accord-
ing to an embodiment of the present disclosure, the touch
insulation layer 420 and the first and second touch electrodes
TE1 and TE2 may be directly disposed on the encapsulation
layer 300. Accordingly, in comparison with the related art
organic light-emitting display device in which a touch
screen is adhered to the organic light-emitting display device
by an adhesive, according to an embodiment, an adhesive
process may be unnecessary. Thus, a manufacturing process
may be simplified, and a manufacturing cost may be reduced
in embodiments of the present disclosure.

[0088] FIG. 7 is a graph showing an external light reflec-
tance of a reflective layer according to an embodiment of the
present disclosure with respect to a wavelength.

[0089] FIG. 7 shows a wavelength-based reflectance (%)
when the reflective layer 411 includes MoTi and may have
a thickness of 1,000 A. With reference to FIG. 7, a reflec-
tance (%) of the reflective layer 411 may be 10% or less in
blue, green, and red wavelength ranges (e.g., about 430 nm
to 680 nm).

[0090] As described above, because destructive interfer-
ence may occur in incident external light due to the light
path change layer, an external light reflectance of each of the
second bridge, the first bridge including the mesh metal
layer, and the plurality of first and second touch electrodes
according to the embodiments of the present disclosure may
be reduced.

[0091] Inthe organic light-emitting display device accord-
ing to embodiments of the present disclosure, because the
low reflection metal layer stacked structure may be applied,
reflection of external light may be reduced or prevented
without a polarizer, thereby decreasing the cost, lessening or
preventing luminance from being reduced by the polarizer,
and enhancing image quality.

[0092] Moreover, in the organic light-emitting display
device according to the embodiments of the present disclo-
sure, the first and second touch electrodes may be directly
disposed on the encapsulation layer. Therefore, in compari-
son with the related art organic light-emitting display device
in which a touch screen is adhered to an organic light-
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emitting display device by an adhesive, in embodiments of
the present disclosure, an adhering process may be not
needed, and thus, a process may be simplified, and the cost
may be reduced.

[0093] It will be apparent to those skilled in the art that
various modifications and variations may be made in the
present disclosure without departing from the technical idea
or scope of the disclosure. Thus, it may be intended that
embodiments of the present disclosure cover the modifica-
tions and variations of the disclosure provided they come
within the scope of the appended claims and their equiva-
lents.

What is claimed is:

1. An organic light-emitting display device, comprising:

a substrate;

a pixel array layer on the substrate, the pixel array layer
comprising a plurality of pixels, each of the plurality of
pixels comprising an organic light-emitting device;

an encapsulation layer covering the pixel array layer; and

atouch sensing layer on the encapsulation layer, the touch
sensing layer comprising:
a plurality of first touch electrodes; and
a plurality of second touch electrodes,
wherein the plurality of first and second touch elec-
trodes each comprise:
a transparent conductive layer on an uppet surface of
the encapsulation layer, and
a mesh metal layer on the transparent conductive
layer, the mesh metal layer comprising at least
three metal layers.

2. The organic light-emitting display device of claim 1,
wherein each of the plurality of first and second touch
electrodes has a reflectance of 10% or less of external light
incident thereon.

3. The organic light-emitting display device of claim 1,
wherein the mesh metal layer comprises:

as a first metal layer among the at least three metal layers,
a reflective layer on the transparent conductive layer;

as a second metal layer among the at least three metal
layers, a light path change layer on the reflective layer;
and

as a third metal layer among the at least three metal layers,
a semi-transmissive layer on the light path change
layer.

4. The organic light-emitting display device of claim 3,
wherein the semi-transmissive layer is thinner than the
reflective layer.

5. The organic light-emitting display device of claim 4,
wherein a material of the reflective layer is the same as a
material of the semi-transmissive layer.

6. The organic light-emitting display device of claim 3,
wherein the reflective layer comprises one or more of:
molybdenum titanium (MoTi) and molybdenum (Mo).

7. The organic light-emitting display device of claim 3,
wherein the light path change layer comprises one or more
of: indium tin oxide (ITO) and indium zinc oxide (IZ0).

8. The organic light-emitting display device of claim 1,
farther comprising:

a bridge configured to connect adjacent second touch
electrodes, the bridge being directly on the upper
surface of the encapsulation layer and comprising a
metal layer comprising at least three layers of metal.
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9. The organic light-emitting display device of claim 8,
further comprising:

a touch insulation layer on the encapsulation layer, the
touch insulation layer being configured to cover the
bridge,

wherein the plurality of first touch electrodes and the
plurality of second touch electrodes are directly on an
upper surface of the touch insulation layer.

10. The organic light-emitting display device of claim 8,
wherein the bridge has a thickness in a range of 500 A~2,000
A.

11. A method of manufacturing an organic light-emitting
display device, the method comprising:

providing a substrate;

providing a pixel array layer on the substrate, the provid-
ing the pixel array layer comprising providing a plu-
rality of pixels, each of the plurality of pixels compris-
ing an organic light-emitting device;

covering the pixel array layer with an encapsulation layer;
and

providing a touch sensing layer on the encapsulation
layer, the providing the touch sensing layer comprising:
providing a plurality of first touch electrodes; and
providing a plurality of second touch electrodes,
wherein the providing the plurality of first and second

touch electrodes each comprise:

providing a transparent conductive layer on an upper
surface of the encapsulation layer, and

providing a mesh metal layer on the transparent
conductive layer, the mesh metal layer comprising
at least three metal layers.

12. The method of claim 11, wherein each of the plurality
of first and second touch electrodes has a reflectance of 10%
or less of external light incident thereon.
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13. The method of claim 11, wherein the providing the
mesh metal layer comprises:

providing, as a first metal layer among the three metal

layers, a reflective layer on the transparent conductive
layer;

providing, as a second metal layer among the three metal

layers, a light path change layer on the reflective layer;
and

providing, as a third metal layer among the three metal

layers, a semi-transmissive layer on the light path
change layer.

14. The method of claim 13, wherein the semi-transmis-
sive layer is thinner than the reflective layer.

15. The method of claim 14, wherein a material of the
reflective layer is the same as a material of the semi-
transmissive layer.

16. The method of claim 13, wherein the reflective layer
comprises one or more of: molybdenum titanium (MoTi)
and molybdenum (Mo).

17. The method claim 13, wherein the light path change
layer comprises one or more of: indium tin oxide (ITO) and
indium zinc oxide (IZO).

18. The method of claim 11, further comprising;

providing a bridge connecting adjacent second touch

electrodes, the bridge being directly on the upper
surface of the encapsulation layer and comprising a
metal layer comprising at least three layers of metal.
19. The method of claim 18, further comprising:
providing a touch insulation layer on the encapsulation
layer, the touch insulation layer covering the bridge,

wherein the plurality of first touch electrodes and the
plurality of second touch electrodes are provided
directly on an upper surface of the touch insulation
layer.

20. The method of claim 18, wherein the bridge has a
thickness in a range of 500 A~2,000 A.
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