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TOUCH DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2018-0172867, filed on
Dec. 28, 2018, which is hereby incorporated by reference in
its entirety.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a touch display
device.

Description of the Background
[0003] As the information society has developed at a rapid

rate, there is an increasing need for display devices employ-
ing advanced technologies and more efficient methods.
Recently, various types of display devices, such as a liquid
crystal display (LCD) device, a plasma display panel (PDP)
device, an organic light emitting display (OLED) device, or
the like, have been developed and utilized.

[0004] Such display devices have been developed from
typical input devices relying on a button, a keyboard, or a
mouse, and provides a touch-based input interface that
enables a user to easily input information or a command
intuitively and conveniently. In order to provide a touch-
based input interface by such a touch-based display device,
it is necessary to detect the presence or absence of a user’s
touch on a display panel and detect correctly touch coordi-
nates corresponding to the position of the touch on the
display panel. There has been an increasing need for a
capacitive sensing scheme enabling the presence or absence
of atouch, touch coordinates, or the like to be detected based
on a change in capacitance between touch electrodes or a
change in capacitance between a touch electrode and a user
associated medium (e.g., a stylus pen or part of a user’s
body), over the display panel of the display device including
a plurality of touch electrodes (e.g., electrodes arranged in a
row and electrodes arranged in a column).

[0005] A display device capable of providing a touch-
based input interface may be referred to as a touch display
device. As needed, a touch panel can be disposed in an area
corresponding to the location of a display panel. This
scenario enables the location of the touch panel to be
understood intuitively, and display device to be operated
according to a touch on an intuitive location, however, in
case the touch panel is disposed on the display panel, the
thickness of the display device is increased, and a process is
needed for disposing the touch panel on the display panel. In
addition, there is a problem in that such a touch panel causes
increased power consumption of the display device.

SUMMARY

[0006] Accordingly, the present disclosure is directed to a
touch display device that substantially obviates one or more
problems due to limitations and disadvantages of the prior
art.

[0007] More specifically, the present disclosure provides a
touch display device capable of sensing a touch and being
implemented in a thinner structure.
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[0008] 1In addition, the present disclosure provides a touch
display device capable of reducing power consumption.
[0009] In accordance with one aspect of the present dis-
closure, a touch display device is provided that includes: a
substrate, a planarization film disposed over the substrate, an
anode electrode and a touch metal disposed on the planariza-
tion film, a bank disposed over the planarization film on
which the anode electrode and the touch metal are disposed,
and including a first cavity exposing the anode electrode and
a second cavity exposing the touch metal, an organic light
emitting layer disposed in the first cavity and disposed over
the anode electrode, and a cathode electrode disposed over
the organic light emitting layer and the bank, wherein the
cathode electrode includes a plurality of cathode electrodes
separated from each other, and a part of at least one of the
plurality of separated cathode electrodes is disposed in the
second cavity and connected to the respective touch metal in
the second cavity.

[0010] The touch display device may include a plurality of
pixels, each of the plurality of pixels including: a first
transistor for generating a first current in response to a data
signal, a second transistor for transferring the data signal to
the first transistor in response to a gate signal, a storage
capacitor for holding the data signal transferred to the first
transistor, and an organic light emitting diode for emitting
light by the first current from the first transistor. In some
aspects, the touch display device is configured to: transfer
the data signal and the gate signal to a data line and a gate
line, respectively, during a first interval, transfer a touch
driving signal to the cathode electrode of the organic light
emitting diode during a second interval, and during the
second interval, transfer a load free driving signal in syn-
chronism with the touch driving signal to at least one of the
data line, the gate line, and a power supply line, in order to
make a second current flow through the cathode electrode.
[0011] In accordance with aspects of the present disclo-
sure, it is possible to provide a touch display device capable
of sensing a touch and being implemented in a thinner
structure.

[0012] In accordance with aspects of the present disclo-
sure, it is possible to provide a touch display device capable
of reducing power consumption.

[0013] Additional features and advantages of the disclo-
sure will be set forth in the description which follows and in
part will be apparent from the description, or may be learned
by practice of the disclosure. The objectives and other
advantages of the disclosure will be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included
to provide a further understanding of the present disclosure
and which are incorporated in and constitute a part of the
disclosure, illustrate aspects of the present disclosure and
together with the description serve to explain the principles
of the present disclosure.

[0015] In the drawings:

[0016] FIG. 1 is a diagram schematically illustrating a
touch display device to which the present disclosure may be
applied;

[0017] FIG. 2 is a cross-sectional diagram illustrating the
display panel illustrated in FIG. 1,
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[0018] FIG. 3 is a diagram illustrating the touch sensor
employed in the touch display device illustrated in FIG. 1;
[0019] FIG. 4Ais a diagram illustrating an example of the
touch electrode illustrated in FIG. 3;

[0020] FIG. 4B is a diagram illustrating another example
of the touch electrode illustrated in FIG. 3;

[0021] FIG. 5is a circuit diagram illustrating the subpixel
employed in the display panel illustrated in FIG. 1;

[0022] FIG. 6 is a timing chart illustrating a method of
driving the display panel illustrated in FIG. 1;

[0023] FIG. 7 is a timing chart illustrating another method
of driving the display panel illustrated in FIG. 1;

[0024] FIG. 8is a circuit diagram illustrating a connection
between the touch circuit and the touch electrode illustrated
in FIG. 5; and

[0025] FIG. 9 is a graph illustrating the waveform of a
signal applied to the touch circuit and the touch electrode
illustrated in FIG. 8.

DETAILED DESCRIPTION

[0026] The advantages and features of the present disclo-
sure and methods of achieving the same will be apparent by
referring to aspects of the present disclosure as described
below in detail in conjunction with the accompanying draw-
ings. However, the present disclosure is not limited to the
aspects set forth below, but may be implemented in various
different forms. The following aspects are provided only to
complete the present disclosure and inform those skilled in
the art of the scope of the present disclosure, as defined by
the appended claims.

[0027] In addition, the shapes, sizes, ratios, angles, num-
bers, and the like illustrated in the accompanying drawings
for describing the exemplary aspects of the present disclo-
sure are merely examples, and the present disclosure is not
limited thereto. Like reference numerals generally denote
like elements throughout the present specification. Further,
in the following description of the present disclosure,
detailed description of well-known functions and configu-
rations incorporated herein will be omitted when it is
determined that the description may make the subject matter
in some aspects of the present disclosure rather unclear. The
terms such as “including”, “having”, “containing”, “com-
prising of”, and “consist of” used herein are generally
intended to allow other components to be added unless the
terms are used with the term “only”. As used herein, singular
forms are intended to include plural forms unless the context
clearly indicates otherwise.

[0028] In interpreting any elements or features of the
aspects of the present disclosure, it should be considered that
any dimensions and relative sizes of layers, areas and
regions include a tolerance or error range even when a
specific description is not conducted.

[0029] Terms, such as first, second, A, B, (A), or (B) may
be used herein to describe elements of the disclosure. Each
of the terms is not used to define essence, order, sequence,
or number of an element, but is used merely to distinguish
the corresponding element from another element. When it is
mentioned that an element is “connected” or “coupled” to
another element, it should be interpreted that another ele-
ment may be “interposed” between the elements or the
elements may be “connected” or “coupled” to each other via
another element as well as that one element is directly
connected or coupled to another element. Spatially relative

LRI CERNNY

terms, such as, “on”, “over”,

CIIT

above”, “below”, “under”,
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“beneath”, “lower”, “upper”, “near”, “close”, “adjacent”,
and the like, may be used herein to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures, and it should be interpreted that one
or more elements may be further “interposed” between the
elements unless the terms such as “directly”, “only” are
used.

[0030] Any elements or features of the aspects of the
present disclosure are not limited to a specific meaning of
the terms described above. The terms as used herein are
merely for the purpose of describing examples and are not
intended to limit the present disclosure. Although the terms
“first”, “second”, and the like are used for describing various
elements, or features, these elements are not confined by
these terms. These terms are merely used for distinguishing
one element from other elements. Therefore, a first element
to be mentioned below may be a second element in a
technical concept of the present disclosure.

[0031] The elements or features of various exemplary
aspects of the present disclosure can be partially or entirely
bonded to or combined with each other and can be inter-
locked and operated in technically various ways as can be
fully understood by a person having ordinary skill in the art,
and the various exemplary aspects can be carried out inde-
pendently of or in association with each other.

[0032] Hereinafter, exemplary aspects of the present dis-
closure will be described in detail with reference to the
accompanying drawings.

[0033] FIG. 1 is a diagram schematically illustrating a
touch display device to which the present disclosure may be
applied.

[0034] Referring to FIG. 1, the touch display device
includes a display panel 110, a data driver 130, a gate driver
140, a touch sensor 150, and a controller 160.

[0035] The display panel 110 can include a plurality of
gate lines (GL1, . . . ,GLn) and a plurality of data lines (DL1,
.. . ,DLm), which intersect each other at a predetermined
angle. The display panel 110 can include a plurality of pixels
101 arranged to be corresponded to an area in which the
plurality of gate lines (GL1, . . . ,GLn) and the plurality of
data lines (DL1, . .. ,DLm) intersect each other. The plurality
of pixels 101 can include a plurality of subpixels emitting
light, such as red light, green light, blue light, white light, or
the like. However, aspects of the present disclosure are not
limited thereto.

[0036] Each of the plurality of subpixels can include an
organic light emitting diode and a pixel circuit supplying a
first current to the organic light emitting diode. The pixel
circuit is connected to the plurality of gate lines (GL1, . . .
,GLn) and the plurality of data lines (DL1, . .. ,DLm), and
can supply the first current to the organic light emitting
diode. Lines disposed in the display panel 110 are not
limited to the gate lines (GL1, .. . ,GLn) and the data lines
(DL1, ... ,DLm).

[0037] The data driver 130 can apply at least one data
signal to the plurality of data lines (DL1, . . . ,DLm). The
data signal may correspond to gray scale, and a voltage level
of a data signal may be determined depending on the
corresponded gray scale. A voltage of the data signal may be
referred to as a data voltage.

[0038] Itisnoted that a single data driver 130 is illustrated
in FIG. 1, but aspects of the present disclosure are not
limited thereto. The number of data drivers may be deter-
mined depending on the size or resolution of the display
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panel 110. In addition, the data driver 130 may be imple-
mented as an integrated circuit.

[0039] The gate driver 140 can apply at least one gate
signal to the plurality of gate lines (GL1, .. . ,DLm). At least
one pixel 101 corresponding to the plurality of gate lines
(GL1, . . . ,GLn) to which the at least one gate signal is
applied can received the at least one data signal. Further, the
gate driver 140 can transfer a sensing signal to at least one
pixel 101. The pixel 101 received the sensing signal out-
putted from the gate driver 140 can receive a sensing voltage
outputted from the data driver 130. It is noted that a single
gate driver 140 is illustrated in FIG. 1, but aspects of the
present disclosure are not limited thereto. The number of
gate drives may be at least two gate drives. Further, the gate
driver 140 can include two gate drivers disposed on both
sides of the display panel 110, and one can be connected to
one or more odd numbered gate lines of the plurality of gate
lines (GL1, .. . ,GLn) and the other can be connected to one
or more even numbered gate lines of the plurality of gate
lines (GL1, . . . ,GLn). However, aspects of the present
disclosure are not limited thereto.

[0040] The gate driver 140 may be implemented as an
integrated circuit. Further, the gate driver 140 can include a
gate signal generating circuit, and a level shifter for applying
a signal and/or a voltage to the gate signal generating circuit.
The gate signal generating circuit can be disposed on the
display panel 110.

[0041] The touch sensor 150 can output a touch sensing
signal in response to a touch on the display panel 110.
Herein, the touch can include, the contact of a touch object,
such as a stylus pen or part of a user’s body, with the display
panel 110, as well as the approach of the touch object to the
display panel 110 within a certain distance. The touch sensor
150 can include a plurality of touch electrodes, and a touch
circuit processing a touch signal associated with the touch
electrodes. The touch signal may be a touch driving signal
and a touch sensing signal. The touch circuit can receive a
touch sensing signal in response to a touch driving signal
applied to the touch electrode, and output a voltage or
current corresponding to the touch sensing signal.

[0042] The touch sensor 150 can include at least one touch
line connecting between at least one touch electrode and the
touch circuit, The touch sensor 150 can sense a change in a
voltage charged to the touch electrode, and output a signal
corresponding to the charged voltage. The touch sensor 150
can cause the touch electrode to receive a touch driving
signal, charge a certain voltage, and output a touch sensing
signal corresponding to the charged voltage. The touch
circuit may be implemented as an integrated circuit.
[0043] The controller 160 can control the touch sensor
150. The controller 160 can supply a touch driving signal to
the touch sensor 150, and can detect the location of a
corresponding touch based on a touch sensing signal in
response to the supplied touch driving signal. The controller
160 can control the data driver 130 and the gate driver 140.
The controller 160 can transfer an image signal correspond-
ing to a data signal to the data driver 130. The image signal
may be a digital signal. The controller 160 can correct the
image signal and then transfer the corrected image signal to
the data driver 130. Herein, operations of the controller 160
are not limited thereto. The controller 160 can include the
touch circuit. The controller 160 can include a timing
controller. The touch circuit can control the touch sensor,
and the timing controller can control the data driver 130 and
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the gate driver 140. Herein, configurations of the controller
160 of the present disclosure are not limited thereto. The
controller 160 may be implemented as an integrated circuit.
[0044] FIG. 2 is a cross-sectional diagram illustrating the
display panel illustrated in FIG. 1.

[0045] Referring to FIG. 2, the display panel 110 can
include a substrate 111, a planarization film 120 disposed
over the substrate 111, an anode electrode 121a and a touch
metal 1215 disposed on the planarization film 120, a bank
122 disposed over the planarization film on which the anode
electrode 121a and the touch metal 1215 are disposed, an
organic light emitting layer 124 disposed over the anode
electrode 1214, and a cathode electrode 125 disposed over
the organic light emitting layer 124 and the bank 122.
[0046] The substrate 111 may include poly amide and/or
polyethylene terephthalate (PET). The substrate 111 can
include glass. However, aspects of the present disclosure are
not limited thereto. A buffer layer 112 can be disposed on the
substrate 111. An active layer 113 can be disposed on the
buffer layer 112. The active layer 113 may be low tempera-
ture poly silicon. The active layer 113 may be an oxide
semiconductor. However, aspects of the present disclosure
are not limited thereto. A gate insulating film 114 can be
disposed over the substrate 111 including the active layer
113. A first gate electrode 1154 and a second gate electrode
1156 can be formed by patterning after a gate metal has been
disposed on the gate insulating film 114. The first gate
electrode 115a can be disposed to overlap the active layer
113 on the gate insulating film 114. A first interlayer insu-
lating film 116 can be disposed on the gate insulating film
114 on which the first gate electrode 115a and the second
gate electrode 115b are disposed.

[0047] A conducting layer 117 can be patterned and dis-
posed on the first interlayer insulating film 116. The con-
ducting layer 117 can be disposed to overlap the second gate
electrode 1155. A capacitor may be disposed over the
substrate 111 by the conducting layer 117 and the second
gate electrode 115b. A second interlayer insulating film 118
can be disposed on the first interlayer insulating film 116,
and at least one contact hole can be formed in the first
interlayer insulating film 116 and the second interlayer
insulating film 118. The active layer 113 can be exposed
through the contact hole. A source/drain metal is disposed
and patterned on the conducting layer 117, and thus a source
electrode 119a and a drain electrode 1195 can be disposed
thereon. The source electrode 1194 and the drain electrode
1195 can be contacted the active layer 113 through respec-
tive contact holes. A planarization film 120 can be disposed
on the conducting layer 117 on which the source electrode
119a and the drain electrode 1195 are disposed. A contact
hole can be formed in the planarization film 120. The drain
electrode 1195 can be exposed through the contact hole.
[0048] An anode metal can be disposed and patterned on
the planarization film 120. The anode electrode 121a and the
touch metal 1215 can be disposed on the planarization film
120 by the patterned anode metal. The anode electrode 121a
can contact the drain electrode 1196 through the contact
hole. The bank 122 can be disposed over the planarization
film 120 on which the anode electrode 1214 and the touch
metal 1215 are disposed. A first cavity CAl and a second
cavity CA2 can be disposed in the bank 122, and the anode
electrode 121a can be exposed through the first cavity CAl
and the touch metal 1215 can be exposed through the second
cavity CA2. One or more spacers 123a and 1235 with a
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predetermined height can be disposed on the bank 122. The
cross-section of the spacers 1234 and 1235 may have a shape
tapering toward the bank 122. Herein, the shape of the
spacers 123a and 1235 is not limited thereto.

[0049] The first spacer 123a can be a spacer disposed
adjacent to the second cavity CA2, and the second spacer
123b can be a spacer spaced apart from the second cavity
CA2. An organic light emitting layer 124 can be disposed
over the anode electrode 121a. The organic light emitting
layer 124 can be formed of a plurality of stacked layers. One
or more of the plurality of layers of the organic light emitting
layer 124 can be disposed over the anode electrode 121a. In
some aspects, the one or more of the plurality of layers can
be disposed only over the anode electrode 121a. As another
example, all the organic light emitting layer 124 can be
disposed over the anode electrode 121a. However, aspects of
the present disclosure are not limited thereto. The cathode
electrode 125 can be disposed over the organic light emitting
layer 124.

[0050] The organic light emitting layer 124 and the cath-
ode electrode 125 can be disposed over the spacers 123a and
1235 because upper portions of the spacers 123a and 1235
have a predetermined width. On the other hand, the organic
light emitting layer 124 and the cathode electrode 125 may
not be disposed in areas in which the spacers 123a and 1235
are disposed. In addition, since the spacers 123a and 1235
have a predetermined height, the organic light emitting layer
124 and the cathode electrode 125 disposed over the bank
122 cannot be connected to the organic light emitting layer
124 and the cathode electrode 125 disposed over the spacers
123a and 1235, respectively. The cathode electrode 125 can
be disposed to be divided into a plurality of cathode elec-
trodes 125a, 1255 and 125¢. Accordingly, the cathode elec-
trode 125 can be divided into a first cathode electrode 1254,
a second cathode electrode 1255, and a third cathode elec-
trode 125¢, which are disposed over the bank 122 and
spaced apart from one another.

[0051] The first cathode electrode 125a can be connected
to the touch metal 1215 in the second cavity CA2. The
second cathode electrode 1255 can be connected to another
touch metal in another second cavity (not shown) Accord-
ingly, the first cathode electrode 125¢ and the second
cathode electrode 1255 can receive respective touch signals
from respective touch metals. The third cathode electrode
125¢ can be connected to yet another touch metal in yet
another second cavity (not shown) Accordingly, the third
cathode electrode 125¢ can receive respective touch signals
from respective touch metals. The touch metal 1215 can be
included in a touch electrode line TEL to which a touch
signal is transferred as illustrated in FIG. 3.

[0052] An encapsulation 126 can be disposed on the
cathode electrode 125. However, aspects of the present
disclosure are not limited thereto. The encapsulation 126 can
be disposed on one or more side portions of the substrate
111, thus can seal elements and electrodes disposed over the
substrate 111. The encapsulation 126 can include an organic
film layer 126a and an inorganic film layer 126b. The
encapsulation 126 cannot be disposed at least an area of the
substrate 111. At least one pad delivering for a signal and/or
a voltage can be disposed in the area in which the encap-
sulation 126 is not disposed.

[0053] Since the cathode electrode 125 is connected to the
touch metal and used as the touch electrode, and a separate
layer for sensing a touch over the substrate 111 is not
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required, therefore, it is possible to prevent the width of the
display panel 110 from being greater. In addition, since the
touch metal and the touch electrode are formed during the
process of manufacturing display panel 110, an aligning
process is not required and therefore it is possible to prevent
related manufacturing process from being complicated even
when the touch electrode is disposed on the display panel
110.

[0054] FIG. 3 is a diagram illustrating the touch sensor
employed in the touch display device illustrated in FIG. 1.
[0055] Referring to FIG. 3, a plurality of touch electrodes
TE, and a plurality of touch electrode lines TEL connected
to each touch electrode TE are disposed on the display panel
110. The plurality of touch electrodes TE can be disposed to
be spaced apart from one another. Here, in FIG. 3, the
plurality of touch electrodes TE are disposed such that 16
touch electrodes are disposed in a matrix form of 4*4, but
aspects of the present disclosure are not limited thereto.
Each of the plurality of touch electrode lines TEL can extend
in a first direction. The first touch electrode TE1 can
correspond to the first cathode electrode 125a illustrated in
FIG. 2, and the third touch electrode TE3 spaced apart from
the first touch electrode TE1 can correspond to the third
cathode electrode 125¢ illustrated in FIG. 2. Each touch
electrode TE can be connected to a different touch electrode
line TEL from one another. Here, in FIG. 3, one touch
electrode line TEL contacts one touch electrode TE at two
points Ct1 and Ct2, but aspects of the present disclosure are
not limited thereto. One touch electrode line TEL can be
contacted one touch electrode TE at one point Ctl or at two
or more points. The two points Ctl and Ct2 may be points
at which the touch metal 1215 illustrated in FIG. 2 is
connected to the touch electrode TE. The spacer illustrated
in FIG. 2 can be disposed between the touch electrodes TE.
That is, the spacer can be disposed in an area SA in which
the touch electrode TE is not disposed. Accordingly, the area
SA in which the touch electrode TE is not disposed can
extend in a first direction and in a second direction, between
the touch electrodes TE. Further, a plurality of pixels 101
can correspond to one touch electrode TE. That is, a plurality
of organic light emitting diodes can be disposed under one
touch electrode TE.

[0056] FIG. 4Ais a diagram illustrating an example of the
touch electrode illustrated in FIG. 3, and FIG. 4B is a
diagram illustrating another example of the touch electrode
illustrated in FIG. 3.

[0057] Referring to FIG. 4A, the first cathode electrode
1254 can be disposed to be corresponded to one first touch
electrode TE1. That is, the first cathode electrode 125a
illustrated in FIG. 2 can correspond to the first touch
electrode TE1. In addition, each of a plurality of boxes 401
represented by dotted lines in the first cathode electrode TE1L
can correspond to each pixel 101. Accordingly, the plurality
of pixels 101 can be corresponded to the first cathode
electrode 1254. In addition, the first cathode electrode 125a
is formed of one electrode body corresponding to the
plurality of pixels 101; therefore can function as both a
cathode electrode and a touch electrode being corresponded
to the plurality of pixels 101.

[0058] Referring to FIG. 4B, the first touch electrode TE1L
can include a plurality of divided cathode electrodes 410 to
490 disposed in pixel areas. The plurality of divided cathode
electrodes 410 to 490 disposed in the pixel areas can
correspond to the first cathode electrode 125a illustrated in
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FIG. 2. One of the divided cathode electrodes 410 to 490 can
directly contact the touch metal 1214. Further, a part of the
one of the divided cathode electrodes 410 to 490 disposed in
the pixel areas can be connected to a part of another one of
the divided cathode electrodes 410 to 490 through a con-
nection electrode AR. Here, the connection electrode AR can
be formed of the same material as the cathode electrode.
Further, each of the plurality of divided cathode electrodes
410 to 490 disposed in the pixel areas can correspond to one
pixel 101. However, aspects of the present disclosure are not
limited thereto. Accordingly, each of the plurality of divided
cathode electrodes 410 to 490 disposed in the pixel areas
may correspond to a plurality of pixels. In addition, another
spacer can be disposed between the plurality of divided
cathode electrodes 410 to 490 disposed in the pixel areas,
which correspond to one touch electrode TE. A spacer may
not be disposed in an area in which the connection electrode
AR is disposed.

[0059] Further, the divided cathode electrodes 410 to 490
disposed in the pixel areas can be transparent electrodes.
Further, the divided cathode electrodes 410 to 490 disposed
in the pixel areas can be in the form of a mesh.

[0060] FIG. 5 is a circuit diagram illustrating the pixel
employed in the display panel illustrated in FIG. 1.

[0061] Referring to FIG. 5, the pixel 101 can include: a
first transistor M1 generating a first current in response to a
data signal Vdata, a second transistor M2 transferring a data
signal Vdata to the first transistor M1 in response to a gate
signal, a storage capacitor Cst holding the data signal Vdata
transferred to the first transistor M1, and an organic light
emitting diode OLED emitting light by the first current
received from the first transistor M1.

[0062] The gate electrode of the first transistor M1 can be
connected to a first node N1, and a first electrode thereof can
be connected to a first power supply line VL to which a first
power supply EVDD is supplied, and a second electrode
thereof can be connected fo a second node N2. The first
electrode can be the source electrode illustrated in FIG. 2,
the second electrode can be the drain electrode illustrated in
FIG. 2. However, aspects of the present disclosure are not
limited thereto. A magnitude of the first current can be
determined corresponding to a voltage difference between
the gate electrode and the second electrode of the first
transistor M1.

[0063] The gate electrode of the second transistor M2 can
be connected to a gate line GL, and first and second
electrodes thereof can be connected to a data line DL and the
first node N1, respectively. Accordingly, a data signal flow-
ing through the data line DL can be transferred to the first
node N1 in response to a gate signal transferred through the
gate line GL

[0064] First and second electrodes of the storage capacitor
Cst can be connected to the first and second nodes N1 and
N2, respectively. The storage capacitor Cst can hold a
voltage between the first node N1 and the second node N2.
Accordingly, a voltage difference between the gate electrode
and the second electrode of the first transistor M1 can be
held during a certain interval, and the first current can
therefore flow constantly.

[0065] The organic light emitting diode OLED can emit
light depending on a current supplied to the second node N2.
The cathode electrode of the organic light emitting diode
OLED can correspond to the cathode electrode 1254, 1255,
125c¢ illustrated in FIG. 2.

Jul. 2, 2020

[0066] The touch circuit 145 can be connected to the
cathode electrode of the organic light emitting diode OLED.
The touch circuit 145 can detect the presence or non-
presence of a touch using a magnitude of a current flowing
corresponding to a magnitude of a resistance R connected
between the cathode electrode of the organic light emitting
diode and a second power supply EVSS.

[0067] FIG. 6 is a timing chart illustrating a method of
driving the display parel illustrated in FIG. 1, and FIG. 7 is
a timing chart illustrating another method of driving the
display panel illustrated in FIG. 1.

[0068] A synchronization signal Tsync can repeat a high
state and a low state. During an interval in which the
synchronization signal Tsync is in the low state, the display
panel 110 can operates as a display interval, and during an
interval in which the synchronization signal Tsync is in the
high state, the display panel 110 can operates as a touch
interval.

[0069] Referring to FIG. 6, during a period of a frame, the
synchronization signal Tsync can be divided into a first
interval Tla corresponding to the interval in the low state
and a second interval T2a corresponding to the interval in
the high state. However, aspects of the present disclosure are
not limited thereto. The first interval Tla and the second
interval T2a can have an identical length, but aspects of the
present disclosure are not limited thereto. In addition, the
second interval T2¢ can correspond to a vertical blank
interval. The vertical blank interval may be an interval
during which a vertical synchronizing signal is input, or may
be an interval between one frame and the next frame.
[0070] In the first interval Tla, a data signal and a gate
signal can be transferred to the data line DL and the gate line
GL, respectively. Accordingly, the pixel 101 illustrated in
FIG. § can supply the first current to the organic light
emitting diode OLED in response to the data signal, and then
the organic light emitting diode OLED can emit light in
response to the first current. In the first interval Tla, DC
voltages with predetermined values can be supplied from the
first power supply EVDD and the second power supply
EVSS. A voltage level of the first power supply EVDD may
be greater than that of the second power supply EVSS. For
example, the voltage level of the first power supply EVDD
may be 24V, and the voltage level of the second power
supply EVSS may be OV. However, aspects of the present
disclosure are not limited thereto.

[0071] Inthe second interval T2a, a voltage corresponding
to a touch driving signal TDS can be transferred to the
cathode electrode of the organic light emitting diode OLED.
The touch driving signal TDS can include a plurality of
pulses. Further, a load free driving signal LFD in synchro-
nism with the touch driving signal TDS may be transferred
to the first power supply EVDD. In addition, the load free
driving signal LFD may be transferred to a gate line GL and
a data line DL. When the load free driving signal LFD is not
transferred, since a voltage level in the cathode electrode to
which the touch driving signal TDS is transferred has
differences from a voltage of the first power supply line VL,
a voltage level charged in the gate line GL and a voltage
level charged in the data line DL, therefore capacitances can
be formed between the cathode electrode and the first power
supply line VL, the gate line GL and the data line DL. This
causes power consumption of the touch display device 100
to be increased. On the other hand, when the load free
driving signal LFD in synchronism with the touch driving
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signal TDS is applied to the first power supply line VL, the
gate line GL and the data line DL, it is possible to prevent
such a capacitance from being formed; therefore, it is
possible to reduce the power consumption of the touch
display device 100. The lines to which the load free driving
signal LFD is applied in the display panel 110 are not limited
to the first power supply VL, the gate line GL, and the data
line DL.

[0072] Referring to FIG. 7, one frame period can be
divided into a first interval T15, a second interval T2b, a
third interval T34, and a fourth interval T4b. In the first
interval T1b and the third interval T35, the synchronization
signal Tsync can be in the low state, and in the second
interval T2b and the forth interval T4, the synchronization
signal Tsync can be in the high state. However, aspects of the
present disclosure are not limited thereto. Here, all of the
first interval to the fourth interval T15 to T4b can have an
identical interval, as in FIG. 7, but aspects of the present
disclosure are not limited thereto. Each of the first interval
to the fourth interval T15 to T4b may have a different length
from one another. In addition, the second interval T2 and
the fourth interval T4b can correspond to a vertical blank
interval. The vertical blank interval may be an interval
during which a vertical synchronizing signal is input, or may
be an interval between one row and the next row of a
plurality of rows of one frame. In addition, the second
interval T25 and the fourth interval T4b can correspond to
a long horizontal blank (LAB). 16 long horizontal blanks
LAB may be disposed in one frame period. However,
aspects of the present disclosure are not limited thereto.

[0073] In the first interval T14 and the third interval T35,
a data signal and a gate signal can be transferred to the data
line DL and the gate line GL, respectively. Accordingly, the
pixel 101 illustrated in FIG. 5 can supply the first current to
the organic light emitting diode OLED in response to the
data signal, and then the organic light emitting diode OLED
can emit light in response to the first current. In the first
interval T1b, DC voltages with predetermined values can be
supplied from the first power supply EVDD and the second
power supply EVSS. A voltage level of the first power
supply EVDD may be greater than that of the second power
supply EVSS. For example, the voltage level of the first
power supply EVDD may be 24V, and the voltage level of
the second power supply EVSS may be OV. However,
aspects of the present disclosure are not limited thereto.

[0074] In the second interval T2 and the fourth interval
T4, the touch display device can sequentially apply one or
more touch driving signals through a touch electrode line
TEL corresponding to each of a plurality of cathode elec-
trodes which are electrically separated from one another of
the organic light emitting diode OLED, and thus can sense
the presence of a touch on the display panel. At this time, a
load free driving signal LFD may be applied to cathode
electrodes which do not perform sensing. The load free
driving signal and the touch driving signal are signals in
synchronism with each other, and can be configured with an
identical amplitude. Further, a load free driving signal LFD
in synchronism with the touch driving signal TDS may be
transferred to the first power supply EVDD. In addition, the
load free driving signal LFD may be transferred to a gate
line GL and a data line DL. The lines to which the load free
driving signal LFD is applied in the display panel 110 are not
limited thereto.
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[0075] FIG. 8 s a circuit diagram illustrating a connection
between the touch circuit and the touch electrode illustrated
in FIG. 5, and FIG. 9 is a graph illustrating the waveform of
a signal applied to the touch circuit and the touch electrode
illustrated in FIG. 8.

[0076] Referring to FIGS. 8 and 9, the touch circuit 145
can include an integrator 146 and a buffer 147. The inte-
grator 146 can calculate a magnitude of a voltage charged in
each cathode electrode in response to voltages correspond-
ing to currents flowing by voltages charged in cathode
electrodes 125a, 125b, and 125¢ which are electrically
disconnected and a pre-set voltage. The buffer 147 can
improve the characteristics of a voltage output from the
integrator 146. The buffer 147 can include a first inverter
147a and a second inverter 1475. However, aspects of the
present disclosure are not limited thereto.

[0077] The touch circuit 145 can be connected to a power
supply line connected to the second power supply EVSS.
The touch circuit 145 can be connected to the cathode
electrode of the organic light emitting diode OLED through
a touch line TEL. The organic light emitting diode OLED
can be connected to a pixel circuit 1011 generating a first
current. Here, R_Tr(drv) represents a resistance correspond-
ing to the first transistor M1 in FIG. 5. A touch capacitor Cf
formed by a touch can be connected to the cathode electrode.
In addition, a signal applying unit 148 for applying a voltage
corresponding to the load free driving signal LFD can be
disposed in the cathode electrode.

[0078] Here, the load free driving signal LFD is not
applied to the first power supply line VL for supplying the
first power supply EVDD, the data line DL, and the gate line
GL, and a load free driving signal LFD is applied by the
signal applying unit 148 to the touch capacitor Cf instead of
supplying a touch driving signal TDS to the cathode elec-
trode. A magnitude of the touch capacitor Cf is represented
by 1pF or 0.5pF. That is, it can be seen that a magnitude of
the output voltage of the touch circuit is different depending
on the magnitude of the touch capacitor Cf. Accordingly, it
can be seen that a touch can be detected using changes in
capacitance caused by a touch.

[0079] The disclosure is not limited to the specific fea-
tures, structures, configurations, and effects described in the
present disclosure. A person skilled in the art can apply the
features, structures, configurations, and effects illustrated
above to other aspects by combining or modifying such
features, structures, configurations, and effects. The scope of
protection should be construed based on the following
claims.

What is claimed is:

1. A touch display device comprising:

a substrate;

a planarization film disposed over the substrate;

an anode electrode and a touch metal disposed on the
planarization film;

a bank disposed over the planarization film on which the
anode electrode and the touch metal are disposed, and
the bank including a first cavity exposing the anode
electrode and a second cavity exposing the touch metal,

an organic light emitting layer disposed in the first cavity
and disposed over the anode electrode; and

a cathode electrode disposed over the organic light emit-
ting layer and the bank,

wherein the cathode electrode includes a first cathode
electrode and a second cathode electrode, which are
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separated from each other, and a part of the first cathode
electrode is disposed in the second cavity and con-
nected to the touch metal in the second cavity.

2. The touch display device according to claim 1, further
comprising a spacer disposed between the first cathode
electrode and the second cathode electrode, on the bank.

3. The touch display device according to claim 2, wherein
the spacer has a cross-sectional shape tapering toward the
bank.

4. The touch display device according to claim 2, wherein
the spacer includes a first spacer and a second spacer, and

wherein the first spacer is disposed adjacent to the second

cavity, and the second spacer is spaced apart from the
second cavity.

5. The touch display device according to claim 2, further
comptrising:

a second spacer which is spaced apart from the second

cavity, on the bank; and

a third cathode electrode disposed on the bank and

electrically separated from the first cathode electrode
by the second spacer.

6. The touch display device according to claim 1, further
comprising an encapsulation disposed on the cathode elec-
trode.

7. The touch display device according to claim 1, wherein
the first cathode electrode and the second cathode electrode
are configured to function as touch electrodes.

8. The touch display device according to claim 1, wherein
at least one of the first cathode electrode and the second
cathode electrode comprises a plurality of divided cathode
electrodes, and the at least one of the first and second
cathode electrodes functions as a touch electrode.

9. The touch display device according to claim 8, wherein
each of the plurality of divided cathode electrodes corre-
sponds to at least one pixel of the touch display device.

10. The touch display device according to claim 7,
wherein a part of one of the divided cathode electrodes is
connected to a part of another one of the divided cathode
electrodes through a connection electrode, and

wherein the connection electrode is made from a same

material as the cathode electrode.

11. The touch display device according to claim 1, further
comprising a plurality of pixels, each of the plurality of
pixels comprising;

a first transistor for generating a first current in response

to a data signal,

a second transistor for transferring the data signal to the

first transistor in response to a gate signal;

a storage capacitor for holding the data signal transferred

to the first transistor; and

an organic light emitting diode for emitting light by the

first current from the first transistor,

wherein, during a first interval, the touch display device is

configured to transfer the data signal and the gate signal
to a data line and a gate line, respectively,

wherein, during a second interval, the touch display

device is configured to transfer a touch driving signal to
the cathode electrode of the organic light emitting
diode, and a load free driving signal in synchronism
with the touch driving signal to at least one of the data
line, the gate line, and a power supply line, in order to
flow a second current through the cathode electrode.
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12. The touch display device according to claim 11,
wherein the plurality of pixels includes a first pixel and a
second pixel, and

wherein the touch display device is configured to transfer
the touch driving signal to a cathode electrode of the
first pixel, while transferring the load free driving
signal to a cathode electrode of the second pixel, during
the second interval.

13. The touch display device according to claim 11,
further comprising a touch circuit configured to detect a
touch depending on a magnitude of the second current.

14. The touch display device according to claims 11,
wherein the touch display device is configured to operate
with a plurality of horizontal blank intervals within one
frame period, the second interval corresponding to one or
more of the plurality of horizontal blank intervals.

15. The touch display device according to claims 11,
further comprising a touch capacitor formed by a touch, the
touch capacitor is connected to the cathode electrode,
wherein a load free driving signal is applied to the touch
capacitor.

16. A touch display device comprising:

a substrate;

a planarization film disposed over the substrate;

an anode electrode and a touch metal disposed on the
planarization film;

a bank disposed over the planarization film on which the
anode electrode and the touch metal are disposed, and
including a first cavity exposing the anode electrode
and a second cavity exposing the touch metal;

an organic light emitting layer disposed in the first cavity
and disposed over the anode electrode; and

a cathode electrode disposed over the organic light emit-
ting layer and the bank ,

wherein the cathode electrode includes a plurality of
cathode electrodes separated from each other, and a
part of at least one of the plurality of separated cathode
electrodes is disposed in the second cavity and con-
nected to the respective touch metal in the second
cavity.

17. The touch display device according to claim 16,
further comprising a spacer disposed between the plurality
of separated cathode electrodes.

18. The touch display device according to claim 16,
wherein the plurality of separated cathode electrodes are
configured to function as touch electrodes.

19. The touch display device according to claim 17,
wherein the spacer includes a first spacer and a second
spacer, and

wherein the first spacer is disposed adjacent to the second
cavity, and the second spacer is spaced apart from the
second cavity.

20. The touch display device according to claim 17,

further comprising:

a second spacer which is spaced apart from the second
cavity, on the bank; and

a third cathode electrode disposed on the bank and
electrically separated from the first cathode electrode
by the second spacer.
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