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(57) ABSTRACT

Disclosed is a display device capable of reducing the thick-
ness and the weigh thereof. In an organic light-emitting
diode display device having a touch sensor, a plurality of
routing lines, which are connected respectively to a plurality
of touch sensors disposed on an encapsulation unit, are
disposed on different planes so as to overlap each other and
are electrically connected to each other through a plurality of
routing contact holes. Thereby, a connection fault between
the routing lines is prevented. In addition, through the
provision of the touch sensors above the encapsulation unit,
a separate attachment process is unnecessary, which results
in a simplified manufacturing process and reduced costs.
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FIG. 1
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FIG. 2
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FIG. 5A
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2017-0057291, filed on May 8, 2017,
which is hereby incorporated by reference in its entirety as
if fully set forth herein.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a display device,
and more particularly, to a display device and a method of
manufacturing the same for achieving a simplified manu-
facturing process and reduced costs.

Description of the Background

[0003] A touchscreen is an input device that allows a user
to input a command by selecting a content appearing on a
screen of a display device or the like with the human hand
or an object. That is, the touchscreen converts a contact
position that the human hand or the object directly touches
into an electrical signal, and receives the content selected at
the contact position as an input signal. The touchscreen may
eliminate a separate input device, which is connected to the
display device and operates, such as a keyboard or a mouse,
and thus the use range thereof is gradually expanding.
[0004] Such a touchscreen is generally attached to the
front surface of a display panel, such as a liquid crystal
display panel or an organic light-emitting diode display
panel, via an adhesive. In this case, since the touchscreen is
separately manufactured and attached to the front surface of
the display panel, the manufacturing process becomes com-
plicated and the costs can be increased due to the addition of
such an attachment process.

SUMMARY

[0005] Accordingly, the present disclosure is directed to a
display device that substantially obviates one or more prob-
lems due to limitations and disadvantages of the related art.
[0006] The present disclosure has been provided to solve
the problems described above, and the present disclosure is
to provide a display device and a method of manufacturing
the same for achieving a simplified manufacturing process
and reduced costs.

[0007] Additional advantages and features of the disclo-
sure will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the disclosure. The other advan-
tages of the disclosure may be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.
[0008] To achieve these and other advantages and in
accordance with the purpose of the disclosure, as embodied
and broadly described herein, an organic light-emitting
diode display device having a touch sensor is configured
such that a plurality of routing lines, which are connected
respectively to a plurality of touch sensors above an encap-
sulation unit, are disposed on different planes so as to
overlap each other and are electrically connected to each
other through a plurality of routing contact holes, whereby
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a connection fault between the routing lines is prevented. In
addition, through the provision of the touch sensors above
the encapsulation unit, a separate attachment process is
unnecessary, which results in a simplified manufacturing
process and reduced costs.

[0009] In another aspect of the present disclosure, a dis-
play device including a light-emitting element disposed on
a substrate; an encapsulation unit disposed on the light-
emitting element; a plurality of touch sensors disposed over
the encapsulation unit; a touch insulation layer disposed on
the encapsulation unit; a lower routing line disposed on the
touch insulation layer having a plurality of routing contact
holes and covering a lateral surface of the encapsulation
unit; and an upper routing line disposed on the touch
insulation layer along the lower routing line and connected
to the lower routing line through the plurality of routing
contact holes, wherein the lower routing line and the upper
routing line are disposed on different planes and overlap
each other.

[0010] In a further aspect of the present disclosure, A
method of manufacturing a display device including forming
a light-emitting element on a substrate; forming an encap-
sulation unit on the light-emitting element; forming a plu-
rality of touch sensors above the encapsulation unit; and
forming a plurality of routing lines connected to the plurality
of touch sensors and covering a side surface of the encap-
sulation unit, wherein the plurality of routing lines are
disposed on different planes to overlap each other and is
electrically connected to each other through a plurality of
routing contact holes.

[0011] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate aspect(s) of the disclosure and together with the
description serve to explain the principle of the disclosure.

[0013]

[0014] FIG. 1is a perspective view illustrating an organic
light-emitting diode display device having a touch sensor
according to the present disclosure;

[0015] FIG. 2 is a plan view illustrating the organic
light-emitting diode display device having the touch sensor
illustrated in FIG. 1;

[0016] FIG. 3 is a cross-sectional view illustrating the
organic light-emitting diode display device having the touch
sensor taken along lines “I-I” and “II-II” of FIG. 2;

[0017] FIGS. 4A and 4B are a plan view and a cross-
sectional view respectively for explaining a method of
manufacturing a second bridge, a lower routing line, and a
lower pad electrode illustrated in FIGS. 2 and 3;

[0018] FIGS. 5A and 5B are a plan view and a cross-
sectional view for explaining a method of manufacturing a
touch contact hole, a routing contact hole, and a pad contact
hole illustrated in FIGS. 2 and 3;

[0019] FIGS. 6A and 6B are a plan view and a cross-
sectional view for explaining a method of manufacturing

In the drawings:
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first and second touch electrodes, a first bridge, an upper
routing line, and an upper pad electrode illustrated in FIGS.
2 and 3;

[0020] FIGS. 7A to 7D are cross-sectional views for
explaining the method of manufacturing the first and second
touch electrodes, the first bridge, the upper routing line, and
the upper pad electrode illustrated in FIG. 6B in detail;
[0021] FIGS. 8A and 8B are a plan view and a cross-
sectional view for explaining a method of manufacturing a
touch protective layer illustrated in FIGS. 2 and 3;

[0022] FIG. 9 is a cross-sectional view illustrating an
organic light-emitting diode display device having a touch
sensor according to another aspect of the present disclosure;
and

[0023] FIG. 10 is a plan view and a cross-sectional view
illustrating another form of the bridges in the organic
light-emitting diode display device having a touch sensor
according to the present disclosure.

DETAILED DESCRIPTION

[0024] Hereinafter, aspects according to the present dis-
closure will be described in detail with reference to the
accompanying drawings. Whenever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts.

[0025] FIG. 1is a perspective view illustrating an organic
light-emitting diode display device having a touch sensor
according to the present disclosure.

[0026] The organic light-emitting diode display device
having a touch sensor illustrated in FIG. 1 senses the
presence or absence of a touch and a touch position by
sensing a variation in mutual capacitance Cm (touch sensor)
in response to a user touch via touch electrodes 152¢ and
154e illustrated in FIG. 2 during a touch period. Then, the
organic light-emitting diode display device having a touch
sensor illustrated in FIG. 1 displays an image via unit pixels
each including a light-emitting element 120. Each unit pixel
may include red (R), green (G), and blue (B) subpixels PXL,
or may include red (R), green (G), blue (B), and white (W)
subpixels PXL.

[0027] To this end, the organic light-emitting diode dis-
play device illustrated in FIG. 1 includes a plurality of
subpixels PXL arranged in a matrix form on a substrate 111,
an encapsulation unit 140 disposed on the subpixels PXL,
and a mutual capacitance array Cm disposed on the encap-
sulation unit 140.

[0028] Each of the subpixels PXL includes a pixel drive
circuit and the light-emitting element 120 connected to the
pixel drive circuit.

[0029] The pixel drive circuit includes a switching tran-
sistor T1, a driving transistor T2, and a storage capacitor Cst.
[0030] The switching transistor T1 is turned on when a
scan pulse is supplied to a scan line SL, and supplies a data
signal supplied to a data line DL to the storage capacitor Cst
and a gate electrode of the driving transistor T2.

[0031] The driving transistor T2 controls current to be
supplied from a high-voltage (VDD) supply line to the
light-emitting element 120 in response to the data signal
supplied to the gate electrode of the driving transistor T2,
thereby adjusting the amount of emission of light from the
light-emitting element 120. Then, even if the switching
transistor T1 is turned off; the driving transistor T2 maintains
the emission of light of the light-emitting element 120 by
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supplying a constant amount of current thereto by a voltage
charged in the storage capacitor Cst until a data signal of a
next frame is supplied.

[0032] The driving transistor T2 or 130, as illustrated in
FIG. 3, includes a gate electrode 132, a semiconductor layer
134 overlapping the gate electrode 132 with a gate insulation
layer 102 therebetween, and source and drain electrodes 136
and 138 formed on an interlayer insulation layer 114 to come
into contact with the semiconductor layer 134. Here, the
semiconductor layer 134 is formed on a buffer layer 104
using at least one of an amorphous semiconductor material,
a polycrystalline semiconductor material, and an oxide
semiconductor material.

[0033] The light-emitting element 120 includes an anode
electrode 122, at least one light-emitting stack 124 formed
on the anode electrode 122, and a cathode electrode 126
formed on the light-emitting stack 124.

[0034] The anode electrode 122 is electrically connected
to the drain electrode 138 of the driving transistor T2 or 130,
which is exposed through a pixel contact hole formed in a
protective layer 116.

[0035] The light-emitting stack 124 is formed on the
anode electrode 122 in a light-emitting area that is defined
by a bank 128. The light-emitting stack 124 is formed by
stacking a hole-related layer, an organic emission layer, and
an electron-related layer on the anode electrode 122 in this
order or in the reverse order. In addition, the at least one
light-emitting stack 124 may include first and second light-
emitting stacks, which face each other with a charge gen-
eration layer therebetween. In this case, the organic emission
layer of any one of the first and second light-emitting stacks
generates blue light, and the organic emission layer of the
other one of the first and second light-emitting stacks
generates yellow-green light, whereby white light is gener-
ated via the first and second light-emitting stacks. Since the
white light generated in the light-emitting stack 124 is
incident on a color filter located above or below the light-
emitting stack 124, a color image may be realized. In
addition, colored light corresponding to each subpixel may
be generated in each light-emitting stack 124 to realize a
color image, without a separate color filter. That is, the
light-emitting stack 124 of the red (R) subpixel may gener-
ate red light, the light-emitting stack 124 of the green (G)
subpixel may generate green light, and the light-emitting
stack 124 of the blue (B) subpixel may generate blue light.
[0036] The cathode electrode 126 may be formed so as to
face the anode electrode 122 with the light-emitting stack
124 therebetween, and is connected to a low-voltage (VSS)
supply line.

[0037] The encapsulation unit 140 prevents external mois-
ture or oxygen from entering the light-emitting element 120,
which is vulnerable to the external moisture or oxygen. To
this end, the encapsulation unit 140 includes a plurality of
inorganic encapsulation layers 142 and 146 and an organic
encapsulation layer 144 disposed between the inorganic
encapsulation layers 142 and 146. The inorganic encapsu-
lation layer 146 is the uppermost layer. Here, the encapsu-
lation unit 140 includes at least two inorganic encapsulation
layers 142 and 146 and at least one organic encapsulation
layer 144. In the present disclosure, the structure of the
encapsulation unit 140 in which the organic encapsulation
layer 144 is disposed between the first and second inorganic
encapsulation layers 142 and 146 will be described by way
of example.
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[0038] The first inorganic encapsulation layer 142 is
formed on the substrate 111, on which the cathode electrode
126 has been formed, so as to be closest to the light-emitting
element 120. The first inorganic encapsulation layer 142 is
formed of an inorganic insulation material that is capable of
being deposited at a low temperature, such as silicon nitride
(SiN,), silicon oxide (SiO,), silicon oxide nitride (SiON),
and aluminum oxide (Al,0;). Thus, since the first inorganic
encapsulation layer 142 is deposited under a low-tempera-
ture atmosphere, it is possible to prevent damage to the
light-emitting stack 124, which is vulnerable to a high-
temperature atmosphere, during the deposition process of
the first inorganic encapsulation layer 142.

[0039] The organic encapsulation layer 144 serves to
dampen the stress between the respective layers caused by
bending the organic light-emitting diode display device and
to increase planarization performance. The organic encap-
sulation layer 144 is formed using an organic insulation
material, such as an acryl resin, epoxy resin, polyimide,
polyethylene, and silicon oxycarbide (SiOC).

[0040] The second inorganic encapsulation layer 146 is
formed so as to cover the upper surface and the side surface
of the organic encapsulation layer 144 and the upper surface
of the first inorganic encapsulation layer 142 that is exposed
by the organic encapsulation layer 144. Thus, since the
upper and lower surfaces of the organic encapsulation layer
144 are sealed by the first and second inorganic encapsula-
tion layers 142 and 146, it is possible to minimize or prevent
external moisture or oxygen from entering the organic
encapsulation layer 144, or to minimize or prevent moisture
or oxygen in the organic encapsulation layer 144 from
entering the light-emitting element 120. The second inor-
ganic encapsulation layer 146 is formed of an inorganic
insulation material, such as silicon nitride (SiN,), silicon
oxide (8i0,), silicon oxide nitride (SiON), and aluminum
oxide (Al,O;).

[0041] On the encapsulation unit 140, a touch sensing line
154 and a touch driving line 152 are disposed so as to
intersect each other with a touch insulation layer 156 ther-
ebetween. The mutual capacitance array Cm is formed at the
intersection of the touch sensing line 154 and the touch
driving line 152. Thus, the mutual capacitance array Cm
serves as a touch sensor by storing charges in response to a
touch driving pulse supplied to the touch driving line 152
and discharging the stored charge to the touch sensing line
154.

[0042] The touch driving line 152 includes a plurality of
first touch electrodes 152¢, and first bridges 1525, which
electrically interconnect the first touch electrodes 152e.
[0043] The first touch electrodes 152e are equidistantly
spaced apart from each other in the Y-direction, which is a
first direction, on the touch insulation layer 156. Each of the
first touch electrodes 152¢ is electrically connected to an
adjacent first touch electrode 152e via the first bridge 1524.
[0044] The first bridge 1525 is disposed on the touch
insulation layer 156 in the same plane as the first touch
electrode 152¢, and is electrically connected to the first
touch electrode 152¢ without a separate contact hole.
[0045] The touch sensing line 154 includes a plurality of
second touch electrodes 154e, and second bridges 1545,
which electrically interconnect the second touch electrodes
154e.

[0046] The second touch electrodes 154e are equidistantly
spaced apart from each other in the X-direction, which is a
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second direction, on the touch insulation layer 156. Each of
the second touch electrodes 154e is electrically connected to
an adjacent second touch electrode 154¢ via the second
bridge 1545.

[0047] The second bridge 1545 is formed on the second
inorganic encapsulation layer 146 and is exposed through a
touch contact hole 150, which is formed in the touch
insulation layer 156, so as to be electrically connected to the
second touch electrode 154e. The second bridge 1546 is
disposed so as to overlap the bank 128, in the same manner
as the first bridge 1525, which may prevent damage to the
aperture ratio due to the first and second bridges 1525 and
154b.

[0048] In this way, the touch driving line 152 and the
touch sensing line 154 of the present disclosure are con-
nected respectively to a touch drive unit (not illustrated) via
a routing line 160 and a touch pad 170, which are disposed
in a non-active (bezel) area.

[0049] As such, the routing line 160 transmits a touch
driving pulse generated in the touch drive unit to the touch
driving line 152 via the touch pad 170, and also transmits a
touch signal from the touch sensing line 154 to the touch pad
170.

[0050] The routing line 160 is disposed between each of
the first and second touch electrodes 152¢ and 154¢ and the
touch pad 170 to electrically interconnect these 152e, 154¢
and 170. The routing line 160 connected to the first touch
electrode 152e, as illustrated in FIG. 2, extends to at least
one of the upper side and the lower side of an active area so
as to be connected to the touch pad 170. The routing line 160
connected to the second touch electrode 154¢ extends to at
least one of the right side and the left side of the active area
s0 as to be connected to the touch pad 170. The arrangement
of the routing line 160 is not limited to the structure of FIG.
2, and may be changed in various ways according to design
requirements of the display device.

[0051] A plurality of routing lines 160 is provided on
different planes so as to overlap each other. In the present
disclosure, the structure in which the routing lines 160
include lower and upper routing lines 162 and 164 disposed
on different planes will be described by way of example.
[0052] The lower routing line 162 is formed by the same
mask process as the second bridge 1545 using the same
material as the second bridge 1545. The lower routing line
162 is formed on the second inorganic encapsulation layer
146, which is the uppermost layer of the encapsulation unit
140, so as to cover the side surface of the encapsulation unit
140. Since the lower routing line 162 is protected by the
touch insulation layer 156, it is possible to prevent damage
to the lower routing line 162 when patterning the upper
routing line 164, which results in increased reliability.
[0053] The upper routing line 164 is formed by the same
mask process as the touch electrodes 152e and 154e using
the same material as the touch electrodes 152¢ and 154¢. The
upper routing line 164 is disposed on the touch insulation
layer 156, which is formed so as to cover the lower routing
line 162, and is also formed to cover the side surface of the
touch insulation layer 156. In addition, the upper routing line
164 is formed on the touch insulation layer 156 so as to
extend along the lower routing line 162 and to have the same
shape as the lower routing line 162. The upper routing line
164 extends from each of the first and second touch elec-
trodes 152¢ and 154e, and overlaps the lower routing line
162 with the touch insulation layer 156 therebetween.
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[0054] The upper routing line 164 is electrically connected
to the lower routing line 162, which is exposed through a
plurality of routing contact holes 166 formed in the touch
insulation layer 156. The routing contact holes 166 may
serve to increase connection areas between the upper routing
line 164 and the lower routing line 162, and thus may
prevent a connection fault between the upper routing line
164 and the lower routing line 162. In addition, since the
routing line 160, which includes the upper routing line 164
and the lower routing line 162, is formed to have a multi-
layered structure, it is possible to reduce the resistance of the
routing line 160. Moreover, since the routing line 160 has a
multilayered structure, even if any one of the upper and
lower routing lines 162 and 164 is disconnected, the other
routing line may perform transmission of the touch driving
pulse and the touch signal.

[0055] The touch pad 170 is formed so as to be exposed
outwards by a touch protective layer 190, and thus is
connected to a signal transmission film on which the touch
drive unit (not illustrated) is mounted. The touch pad 170
may be disposed in at least one of one side area and the other
side area of the substrate 111, together with a display pad
(not illustrated) connected to at least one of the data line DL,
the scan line SL, the low-voltage (VSS) supply line, and the
high-voltage (VDD) supply line. Alternatively, the touch pad
170 and the display pad may be disposed in different
non-active areas. Meanwhile, the arrangement of the touch
pad 170 is not limited to the structure of FIG. 2, and may be
changed in various ways according to necessary design
requirements of the display device.

[0056] The touch pad 170 is disposed on at least one layer
116 among a plurality of insulation layers 102, 104, 114, 116
and 118 disposed below the light-emitting element 120. The
touch pad 170 includes a lower pad electrode 172 extending
from the lower routing line 162 and an upper pad electrode
174 extending from the upper routing line 164.

[0057] The lower pad electrode 172 is formed by the same
mask process as the second bridge 154b using the same
material as the second bridge 1545. The lower pad electrode
172 extends from the lower routing line 162 on the protec-
tive layer 116, and thus, is directly connected to the lower
routing line 162.

[0058] The upper pad electrode 174 is formed by the same
mask process as the touch electrodes 152e and 154e using
the same material as the touch electrodes 152¢ and 154e. The
upper pad electrode 174 is electrically connected to the
lower pad electrode 172, which is exposed through a pad
contact hole 176 formed in the touch insulation layer 156.
[0059] In this way, in the present disclosure, each of the
first and second touch electrodes 152 and 154e, the first and
second bridge 1525 and 1545, the upper routing line 164,
and the upper pad electrode 174 is formed of the transparent
conductive layer 161 and the opaque conductive layer 163
disposed on or beneath the transparent conductive layer 161.
The transparent conductive layer 161 is formed in a single
layer or in multiple layers using at least one of ITO, 1ZO,
7Zn0, IGZ0, and ITO/Ag/ITO. The opaque conductive layer
163 is formed in a single layer or in multiple layers using a
highly conductive material having strong corrosion resis-
tance and acid resistance, such as Al, Ti, Cu, and Mo. For
example, the opaque conductive layer 163 is formed in a
triple-layered structure as a stack of Ti/Al/Ti or Mo/Al/Mo.
[0060] The transparent and opaque conductive layers 161
and 163 of each of the upper routing line 164 and the upper
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pad electrode 174 are formed to have the same shape. That
is, the opaque conductive layer 163 of each of the upper
routing line 164 and the upper pad electrode 174 is formed
on the transparent conductive layer 161 of each of the upper
routing line 164 and the upper pad electrode 174 so as to
have the same shape and the same line width as those of the
transparent conductive layer 161.

[0061] The opaque conductive layer 163 of each of the
first and second touch electrodes 152¢ and 154e and the first
and second bridges 1525 and 1544 is formed to have a line
width smaller than that of the transparent conductive layer
161 of each of the first and second touch electrodes 152¢ and
154¢ and the first and second bridges 1525 and 154b. That
is, the opaque conductive layer 163 of each of the first and
second touch electrodes 152¢ and 154¢ and the first and
second bridges 1524 and 1545 is formed on the transparent
conductive layer 161 to have a mesh shape. The opaque
conductive layer 163 has conductivity higher than that of the
transparent conductive layer 161, so that the first and second
touch electrodes 152¢ and 154¢ may be formed as low-
resistance electrodes. Thereby, the resistance and the capaci-
tance of the first and second touch electrodes 152e and 154¢
may be reduced, which may result in a reduced RC time
constant and increased touch sensitivity. In addition, since
the mesh-shaped opaque conductive layer 163 has a very
small line width, it is possible to prevent deterioration in the
aperture ratio and transmissivity due to the mesh-shaped
opaque conductive layer 163.

[0062] FIGS. 4A to 8B are plan views and cross-sectional
views for explaining a method of manufacturing the organic
light-emitting diode display device having the touch sensor
illustrated in FIGS. 2 and 3.

[0063] Referring to FIGS. 4A and 4B, the second bridge
1545, the lower routing line 162, and the lower pad electrode
172 are formed on the substrate 111 having the switching
transistor T1, the driving transistor T2 or 130, the light-
emitting element 120, and the encapsulation unit 140 formed
thereon.

[0064] Specifically, a conductive layer is deposited on the
entire surface of the substrate 111, having the switching
transistor T1, the driving transistor T2 or 130, the light-
emitting element 120, and the encapsulation unit 140 formed
thereon, by a deposition process. Subsequently, the conduc-
tive layer is patterned by a photolithography process and an
etching process using a first mask, whereby the second
bridge 154b, the lower routing line 162, and the lower pad
electrode 172 are formed. Here, each of the second bridge
1545, the lower routing line 162, and the lower pad electrode
172 is formed in a single layer or in multiple layers using a
having good conductivity, and strong corrosion resistance
and acid resistance, such as Al, Ag, Ti, Cu, Mo, and MoTi.
For example, each of the second bridge 1545, the lower
routing line 162, and the lower pad electrode 172 1s formed
in a triple-layered structure as a stack of Ti/Al/Ti or Mo/Al/
Mo.

[0065] Referring to FIGS. 5A and 5B, the touch insulation
layer 156, which includes the touch contact hole 150, the
routing contact hole 166, and the pad contact hole 176, is
formed on the substrate 111 having the second bridge 1545,
the lower routing line 162, and the lower pad electrode 172
formed thereon.

[0066] Specifically, the touch insulation layer 156 is
formed by depositing an inorganic or organic insulation
material on the substrate 111 having the second bridge 1544,
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the lower routing line 162, and the lower pad electrode 172
formed thereon. Here, the touch insulation layer 156 may be
an inorganic layer such as SiN_, SiON, and Si0,, or may be
an acryl-based, epoxy-based, Parylene-C, Parylene-N,
Parylene-F, or siloxane-based organic layer. Subsequently,
the touch insulation layer 156 is patterned by a photolithog-
raphy process and an etching process using a second mask,
whereby the touch contact hole 150, the routing contact hole
166, and the pad contact hole 176 are formed.

[0067] Referring to FIGS. 6A and 6B, the first and second
touch electrodes 152¢ and 154e, the first bridge 1525, the
upper routing line 164, and the upper pad electrode 174 are
formed on the substrate 111 having the touch contact hole
150, the routing contact hole 166, and the pad contact hole
176 formed thereon. This will be described below with
reference to FIGS. 7TA to 7D.

[0068] As illustrated in FIG. 7A, the transparent conduc-
tive layer 161 and the opaque conductive layer 163 are
sequentially laminated on the substrate 111 having the touch
contact hole 150, the routing contact hole 166, and the pad
contact hole 176 formed thereon. Here, the transparent
conductive layer 161 is formed of a transparent conductive
layer, such as ITQ, IZO, ZnO, IGZO, and ITO/Ag/ITO, and
the opaque conductive layer 163 is formed in a single layer
or in multiple layers using a having good conductivity, and
strong corrosion resistance and acid resistance, such as Al,
Ag, Ti, Cu, Mo, and MoTi. For example, the opaque
conductive layer 163 is formed in a triple-layered structure
as a stack of Ti/Al/Ti or Mo/Al/Mo.

[0069] Subsequently, after a photosensitive layer is lami-
nated on the opaque conductive layer 163, the photosensi-
tive layer is patterned by a photolithography process using
a third mask, such as a half-tone mask or a slit mask,
whereby a photosensitive layer 180 having a multilayered
structure is formed. The multilayered photosensitive layer
180 is formed to have a second thickness d2 in the area in
which the mesh-shaped opaque conductive layer 163 of each
of the first and second touch electrodes 152¢ and 154¢ and
the first bridge 1525, the upper routing line 164, and the
upper pad electrode 174 are formed, and is also formed to
have a first thickness in the area in which the transparent
conductive layer 161 is formed so as to be exposed by the
mesh-shaped opaque conductive layer 163 of each of the
first and second touch electrodes 152¢ and 154¢ and the first
bridge 152b. The photosensitive layer 180 is not formed in
the remaining area.

[0070] The opaque conductive layer 163 and the transpar-
ent conductive layer 161 are etched through an etching
process using the multilayered photosensitive layer 180 as a
mask. Thereby, as illustrated in FIG. 7B, each of the first and
second touch electrodes 152¢ and 154e, the first bridge
1525, the upper routing line 164, and the upper pad electrode
174 is formed to have a multilayered structure that includes
the transparent and opaque conductive layers 161 and 163
having the same line width.

[0071] Subsequently, by ashing the multilayered photo-
sensitive layer 180, as illustrated in FIG. 7C, the total
thickness of the photosensitive layer 180 is reduced such
that a portion of the photosensitive layer 180, which has the
first thickness, is removed, whereby the opaque conductive
layer 163 of each of the first and second touch electrodes
152¢ and 154¢ and the first bridge 1525 is exposed. Subse-
quently, when the exposed opaque conductive layer 163 is
removed through an etching process using the multilayered
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photosensitive layer 180, subjected to ashing, as a mask, as
illustrated in FIG. 7D, the transparent conductive layer 161
of each of the first and second touch electrodes 152¢ and
154¢ and the first bridge 1525 is exposed. Subsequently, the
photosensitive layer 180 remaining on the substrate is
removed through a stripping process, as illustrated in FIG.
6B.

[0072] Referring to FIGS. 8A and 8B, the touch protective
layer 190 is formed on the substrate 111 having the first and
second touch electrodes 152¢ and 15de, the first bridge
1525, the upper routing line 164, and the upper pad electrode
174 formed thereon.

[0073] Specifically, an organic insulation material, such as
a photo-acryl-based resin, is applied to the entire surface of
the substrate 111 having the first and second touch electrodes
152¢ and 154e, the first bridge 1525, the upper routing line
164, and the upper pad electrode 174 formed thereon.
Subsequently, the organic insulation material is patterned by
a photolithography process and an etching process using a
fourth mask. Thereby, as illustrated in FIG. 8B, the touch
protective layer 190 is formed so as to expose the touch pad
170.

[0074] In this way, in the display panel according to the
present disclosure, the transparent conductive layer 161 and
the mesh-shaped opaque conductive layer 163, which are
included in each of the touch electrodes 152e¢ and 154e, are
formed through the same mask process. Thereby, the present
disclosure may achieve a simplified process and reduced
costs owing to a reduced number of mask processes.

[0075] FIG. 9 is a cross-sectional view illustrating an
organic light-emitting diode display device according to
another aspect of the present disclosure.

[0076] The organic light-emitting diode display device
illustrated in FIG. 9 includes the same constituent elements
as those of the organic light-emitting diode display device
illustrated in FIG. 3, except that it further includes color
filters 192 disposed between the encapsulation unit 140 and
the touch electrodes 152¢ and 154e. Thus, a detailed descrip-
tion related to the same constituent elements will be omitted
below.

[0077] The color filters 192 are formed between each of
the touch sensing line 154 and the touch driving line 152 and
the light-emitting element 120. The distance between each
of the touch sensing line 154 and the touch driving line 152
and the light-emitting element 120 is increased by the color
filters 192. Thereby, the capacitance of a parasitic capacitor
formed between each of the touch sensing line 154 and the
touch driving line 152 and the light-emitting element 120
may be minimized, and mutual interaction due to coupling
between each of the touch sensing line 154 and the touch
driving line 152 and the light-emitting element 120 may be
prevented. In addition, the color filters 192 may prevent a
chemical solution (e.g., developing solution or etching solu-
tion) used in the process of manufacturing the touch sensing
line 154 and the touch driving line 152, external moisture,
and the like from entering the light-emitting stack 124.
Thereby, the color filters 192 may prevent damage to the
light-emitting stack 124, which is vulnerable to the chemical
solution or moisture. Meanwhile, as illustrated in FIG. 9, the
configuration in which the touch electrodes 152¢ and 154e
are disposed over the color filters 192 has been described by
way of example, but the color filters 192 may be disposed
over the touch electrodes 152¢ and 154e. In this case, the
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touch electrodes 152¢ and 154e are disposed between the
color filters 192 and the encapsulation unit 140.
[0078] A black matrix 194 is disposed between the color
filters 192. The black matrix 194 serves to separate the
respective subpixel areas from each other and to prevent
optical interference and light leakage between adjacent
subpixel areas. The black matrix 194 may be formed of a
high-resistance black insulation material, or may be formed
by stacking at least two colors of color filters among red (R),
green (G), and blue (B) color filters 192. In addition, a touch
planarization layer 196 is formed on the substrate 111 having
the color filters 192 and the black matrix 194 formed
thereon. The substrate 111 having the color filters 192 and
the black matrix 194 formed thereon is flattened by the touch
planarization layer 196.
[0079] Meanwhile, in the present disclosure, the first and
second bridges 1526 and 154h may include a plurality of
slits 153, as illustrated in FIG. 10. The second bridge 1545
having the slits 153, illustrated in FIG. 10, may have a
reduced surface area, compared to the second bridge 1545
having no slit 153 illustrated in FIG. 3. Thereby, the reflec-
tion of external light by the second bridge 1545 may be
reduced, which may prevent deterioration in visibility. In
addition, in the present disclosure, the mutual-capacitance-
type touch sensor, which is formed between the touch
sensing line 154 and the touch driving line 152 intersecting
each other, has been described by way of example, the
present disclosure may also be applied to a self-capacitance-
type touch sensor Cs.
[0080] As is apparent from the above description, in a
display device according to the present disclosure, a plural-
ity of routing lines, which are connected respectively to a
plurality of touch sensors, are disposed on different planes so
as to overlap each other and are electrically connected to
each other through a plurality of routing contact holes.
Thereby, according to the present disclosure, it is possible to
prevent a connection fault between the routing lines. In
addition, in the present disclosure, a transparent conductive
layer and a mesh-shaped opaque conductive layer, which are
included in each touch electrode, are formed through the
same mask process. Thereby, it is possible to simplify a
manufacturing process and to reduce costs, through reduc-
tion in the number of mask processes. Moreover, a conven-
tional organic light-emitting diode display device includes a
touchscreen attached thereto using an adhesive, whereas an
organic light-emitting diode display device of the present
disclosure includes touch electrodes disposed on an encap-
sulation unit, which may make a separate attachment pro-
cess be unnecessary, resulting in a simplified manufacturing
process and reduced costs.
[0081] Although the aspects of the present disclosure have
been described above in detail with reference to the accom-
panying drawings, it will be apparent to those skilled in the
art that the present disclosure described above is not limited
to the aspects described above, and various substitutions,
modifications, and alterations may be devised within the
spirit and scope of the present disclosure.

What is claimed is:

1. A display device comprising:

a light-emitting element disposed on a substrate;

an encapsulation unit disposed on the light-emitting ele-

ment;
a plurality of touch sensors disposed above the encapsu-
lation unit; and

Nov. 8,2018

a plurality of routing lines connected to the plurality of
touch sensors and covering a side surface of the encap-
sulation unit,

wherein the plurality of routing lines are disposed on
different planes so as to overlap each other and are
electrically connected to each other through a plurality
of routing contact holes.

2. The display device according to claim 1, wherein the

plurality of routing lines comprise:

a lower routing line disposed on the encapsulation unit;
and

an upper routing line connected to the lower routing line
through the plurality of routing contact holes, which are
formed in a touch insulation layer covering the lower
routing line, and

wherein the upper routing line is disposed on the touch
insulation layer and is provided along the lower routing
line.

3. The display device according to claim 2, wherein the
plurality of touch sensors comprise a touch sensing line and
a touch driving line disposed on the encapsulation unit so as
to intersect each other,

wherein the touch driving line comprises:

a plurality of first touch electrodes arranged in a first
direction on the encapsulation unit; and

a first bridge interconnecting the plurality of first touch
electrodes,

wherein the touch sensing line comprises:

a plurality of second touch electrodes arranged in a
second direction intersecting the first direction; and

a second bridge interconnecting the second touch elec-
trodes,

wherein the lower routing line is formed of the same
material as one of the first and second bridges, and

wherein the upper routing line extends from each of the
first and second touch electrodes.

4. The display device according to claim 3, further com-
prising a touch pad disposed on at least one of a plurality of
insulation layers, which are disposed under the light-emit-
ting element, and extended from the plurality of routing
lines,

wherein the touch pad comprises:

a lower pad electrode extended from the lower routing
line; and

an upper pad electrode extended from the upper routing
line.

5. The display device according to claim 4, wherein at
least one of the upper routing line, the upper pad electrode,
the first bridge, the first touch electrodes, and the second
touch electrodes comprises a transparent conductive layer
and an opaque conductive layer disposed on the transparent
conductive layer,

wherein the transparent conductive layer has a structure
including at least one layer formed of at least one of
ITO, 170, ZnO, and IGZO, and

wherein the opaque conductive layer has a structure
including at least one layer formed of at least one of Ti,
Al, Mo, MoTi, Cu, and Ta.

6. The display device according to claim 4, wherein the
opaque conductive layer of the upper routing line and the
upper pad electrode is disposed on or beneath the transparent
conductive layer and has a same shape as the transparent
conductive layer.
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7. The display device according to claim 4, wherein the
opaque conductive layer of the first and second touch
electrodes and the first bridge is provided on the transparent
conductive layer and has a line width smaller than that of the
transparent conductive layer.

8. The display device according to claim 7, wherein the
opaque conductive layer of at least one of the first touch
electrodes, the second touch electrodes, the first bridge, and
the second bridge has a mesh shape.

9. The display device according to claim 3, wherein at
least one of the first bridge and the second bridge comprises
at least one slit.

10. The display device according to claim 1, further
comprising a color filter disposed between the encapsulation
unit and the touch sensors.

11. A display device comprising:

a light-emitting element disposed on a substrate;

an encapsulation unit disposed on the light-emitting ele-
ment;

a plurality of touch sensors disposed over the encapsula-
tion unit;

a touch insulation layer disposed on the encapsulation
unit;

alower routing line disposed on the touch insulation layer
having a plurality of routing contact holes and covering
a lateral surface of the encapsulation unit; and

an upper routing line disposed on the touch insulation
layer along the lower routing line and connected to the
lower routing line through the plurality of routing
contact holes,

wherein the lower routing line and the upper routing line
are disposed on different planes and overlap each other.

12. The display device according to claim 11, wherein the
plurality of touch sensors comprise:

a touch driving line having a plurality of first touch
electrodes arranged in a first direction on the encapsu-
lation unit and a first bridge interconnecting the plu-
rality of first touch electrodes disposed on the encap-
sulation unit so as to intersect each other,

a touch sensing line having a plurality of second touch
electrodes arranged in a second direction intersecting
the first direction and a second bridge interconnecting
the second touch electrodes,

wherein one of the first and second bridges is formed of
the same material as the lower routing line, and the
upper routing line extends from each of the first and
second touch electrodes.

13. The display device according to claim 12, further
comprising a touch pad disposed on at least one of a plurality
of insulation layers disposed under the light-emitting ele-
ment and extended from the upper and lower routing lines,
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wherein the touch pad includes a lower pad electrode
extended from the lower routing line and an upper pad
electrode extended from the upper routing line.

14. The display device according to claim 13, wherein at
least one of the upper routing line, the upper pad electrode,
the first bridge, the first touch electrodes, and the second
touch electrodes comprises a transparent conductive layer
and an opaque conductive layer disposed on the transparent
conductive layer,

wherein the transparent conductive layer has a structure

including at least one layer formed of at least one of
ITO, 170, Zn0O, and IGZ0, and the opaque conductive
layer has a structure including at least one layer formed
of at least one of Ti, Al, Mo, MoTi, Cu, and Ta.

15. The display device according to claim 14, wherein the
opaque conductive layer of the upper routing line and the
upper pad electrode is disposed on or beneath the transparent
conductive layer and has a same shape as the transparent
conductive layer.

16. The display device according to claim 14, wherein the
opaque conductive layer of the first and second touch
electrodes and the first bridge is provided on the transparent
conductive layer and has a line width smaller than that of the
transparent conductive layer.

17. The display device according to claim 16, wherein the
opaque conductive layer of at least one of the first touch
electrodes, the second touch electrodes, the first bridge, and
the second bridge has a mesh shape.

18. The display device according to claim 12, wherein at
least one of the first bridge and the second bridge comprises
at least one slit.

19. The display device according to claim 11, further
comprising a color filter disposed between the encapsulation
unit and the touch sensors.

20. A method of manufacturing a display device compris-
ing:

forming a light-emitting element on a substrate;

forming an encapsulation unit on the light-emitting ele-

ment;

forming a plurality of touch sensors above the encapsu-

lation unit; and

forming a plurality of routing lines connected to the

plurality of touch sensors and covering a side surface of
the encapsulation unit,

wherein the plurality of routing lines are disposed on

different planes to overlap each other and is electrically
connected to each other through a plurality of routing
contact holes.



RiES

[PRIER 1 (Z R A(F)
R (TR AGE)
HAT R E (TR AGE)

FRI& B A

RBA

L5
S\EReERE

E()

DHT—HEBRPNEEENEENEREE, TEAMBEECRBNE
PEXZREEREES , D3ERINREEHEL T LN S MREE
RBENSRBHRLREETEANFEL , UERILEBFBARBN. B
BEMMLEMABIER, it , Bk TEBELCANEENE, 5
A BYEHRETEARHAMBELRSR  TRELMHMELE X
SEFE LAY HIET MR A B

ERRE

US20180323240A1 NI (»&E)B
US15/966321 RiEHR
REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

WON SANG HYUK

KIM MIN JOO

LEE JAE WON

PAK SANG HOON

KIM BYONG HOO

LEE SANG HEUN

GWON HYANG MYOUNG
LEE JEONG HOON

WON, SANG HYUK

KIM, MIN JOO

LEE, JAE WON

PAK, SANG HOON

KIM, BYONG HOO

LEE, SANG HEUN
GWON, HYANG MYOUNG
LEE, JEONG HOON

HO1L27/32 G09G3/3241 GO6F3/041 GO6F3/044 HO1L51/52

patsnap

2018-11-08

2018-04-30

HO1L27/323 HO1L27/322 HO1L27/3276 G09G3/3241 GO6F3/0412 GO6F3/044 HO1L51/5206 HO1L51
/5221 GO6F2203/04103 GO6F3/0443 GO6F3/0446 GO6F2203/04111 GO6F2203/04112

1020170057291 2017-05-08 KR

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/3ca03c2e-7f5b-45bc-b181-6294d647fc7c
https://worldwide.espacenet.com/patent/search/family/062186239/publication/US2018323240A1?q=US2018323240A1
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=%2220180323240%22.PGNR.&OS=DN/20180323240&RS=DN/20180323240

