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Fig. 9
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(2-2)DISTINCTION OF TIME INTERVALS FOR OBTAINING - DETECTION 520
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SHIELDING IMPEDANGE OR SHIELDING PREVENTION IMPEDANGCE 530
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TOUCH INPUT DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Prionty 1s claimed as a continuation application to
U.S. patent application Ser. No. 14/666,408, filed Mar. 24,

20135, which claims priority under 35 U.S.C. §119 to Korean
Patent Application No.: 10-2014-0034169, filed Mar. 24,
2014 and Korean Patent Application No.: 10-2014-0055732,
filed May 9, 2014, the disclosures of which are incorporated
herein by reference 1n their entireties.

FIELD OF THE INVENTION

[0002] Thepresentinventionrelates to a touch mputdevice,
and more particularly to a touch mput device capable of
mimmizing errors at the time of detecting the position of a
touch on the touch surface of a touch iput device by reducing,
the effect of noise and of accurately detecting the magnitude
of a touch pressure.

BACKGROUND OF THE INVENTION

[0003] A variety of input devices are being used to operate
a computing system. For example, input devices like a button,
a key, a joystick and a touch screen are being used. Since the
touch screen 1s easy and simple to operate, the touch screen 1s
increasingly being used in operation of the computing sys-
tem.

[0004] The touch screen may include a touch sensor panel
which may be a transparent panel including a touch-sensitive
surface. The touch sensor panel 1s attached to the front of the
display screen, so that the touch-sensitive surface may cover
the visible side of the display screen. The touch screen allows
a user to operate the computing system by simply touching
the display screen by a finger, etc. In general, the touch screen
recognizes the touch on the panel and touch position, and then
the computing system analyzes the touch and performs opera-
tions 1n accordance with the analysis.

[0005] Here, there 1s a requirement for a method of reduc-
ing errors by minimizing the effect of noise while detecting
the touch pressure and touch position on the touch surface of
the touch mput device.

SUMMARY OF THE INVENTION

[0006] One embodiment 1s a touch mput device including a
touch sensor comprising a plurality of touch electrodes; a
display panel; and a reference potential layer. The touch sen-
sor 1s completely laminated with the display panel. When a
touch pressure 1s applied, the touch sensor and the display
panel are bent. The reference potential layer 1s disposed apart
from the touch sensor. A touch position 1s detected based on
a first capacitance which 1s detected from the touch electrode
and 1s changed by an approach of an object to the touch
sensor. A magnitude of the touch pressure 1s detected based
on a second capacitance which 1s detected from the touch
clectrode and 1s changed according to a distance between the
touch sensor and the reference potential layer.

[0007] Another embodiment 1s a touch input device includ-
ing a touch sensor comprising a plurality of touch electrodes;
a display panel; and a reference potential layer. The touch
sensor 1s disposed within the display panel. When a touch
pressure 1s applied, the touch sensor and the display panel are
bent. The reference potential layer 1s disposed apart from the
touch sensor. A touch position 1s detected based on a first
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capacitance which 1s detected from the touch electrode and 1s
changed by an approach of an object to the touch sensor. A
magnitude of the touch pressure 1s detected based on a second
capacitance which 1s detected from the touch electrode and 1s
changed according to a distance between the touch sensor and
the reference potential layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 1s a structure view of a touch mput device
according to an embodiment of the present invention;

[0009] FIG. 21sacross sectional view showing a state atthe
time ol applying a pressure to the touch mput device accord-
ing to the embodiment of the present invention;

[0010] FIG. 3 1s a cross sectional view of the touch input
device according to the embodiment of the present invention;

[0011] FIG. 4a 1s a circuit diagram of a driving signal
supplier of the touch mput device according to the embodi-
ment of the present invention;

[0012] FIG. 4b 15 a circuit diagram of a sensing unit of the
touch input device according to the embodiment of the
present invention;

[0013] FIG. 4c¢ 15 a circuit diagram of an impedance con-
troller of the touch input device according to the embodiment
of the present invention;

[0014] FIG. 5 shows a first configuration example of an
clectrode of the touch mput device according to the embodi-
ment of the present invention;

[0015] FIG. 6 shows a second configuration example of the
clectrode of the touch mput device according to the embodi-
ment of the present invention;

[0016] FIG. 7 shows a third configuration example of the
clectrode of the touch mnput device according to the embodi-
ment of the present invention;

[0017] FIG. 8 shows a fourth configuration example of the
clectrode of the touch mnput device according to the embodi-
ment of the present invention; and

[0018] FIG. 9 1s a flowchart of a touch detection method
according to the embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The following detailed description of the present
invention shows a specified embodiment of the present inven-
tion and will be provided with reference to the accompanying
drawings. The embodiment will be described 1n enough detail
that those skilled in the art are able to embody the present
invention. It should be understood that various embodiments
of the present invention are different from each other and need
not be mutually exclusive. For example, a specific shape,
structure and properties, which are described 1n this disclo-
sure, may be implemented 1n other embodiments without
departing from the spirit and scope of the present invention
with respect to one embodiment. Also, it should be noted that
positions or placements ol individual components within
cach disclosed embodiment may be changed without depart-
ing from the spirit and scope of the present invention. There-
fore, the following detailed description 1s not intended to be
limited. If adequately described, the scope of the present
invention 1s limited only by the appended claims of the
present mvention as well as all equivalents thereto. Similar
reference numerals in the drawings designate the same or
similar functions 1n many aspects.
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[0020] Hereaftter, a touch input device and a touch detection
method according to an embodiment of the present invention
will be described with reference to the accompanying draw-
ngs.

[0021] FIG. 1 1s a structure view of a touch input device
according to an embodiment of the present invention. Refer-
ring to FIG. 1, the touch mput device 1000 according to the
embodiment of the present invention may include a touch
sensor panel 100 which includes a plurality of first electrodes,
a plurality of second electrodes and a plurality of third elec-
trodes, a driving signal supplier 200 which applies a driving,
signal to the plurality of first electrodes, and a sensing unit
300 which receives a first signal including information on a
capacitance changing depending on the touch on the touch
surface of the touch sensor panel from the plurality of second
electrodes and detects a touch position and a touch pressure
on the touch surface of the touch sensor panel.

[0022] In general, the touch sensor panel 100 may include
a plurality of driving electrodes T and a plurality of receiving
clectrodes R. While the following description and accompa-
nying drawings show that the plurality of driving electrodes T
and plurality of receiving electrodes R form an orthogonal
array, the present invention 1s not limited to this. The plurality
of driving electrodes T and plurality of receiving electrodes R
has an array of arbitrary dimension, for example, a diagonal
array, a concentric array, a 3-dimensional random array, etc.,
and an array obtained by the application of them. Here, the
number of the plurality of driving electrodes T and the num-
ber of recerving electrodes R are positive integers and may be
the same as each other or may have different values. The
values may be changed according to the embodiment. Some
embodiments of the present invention show that the number
of the plurality of driving electrodes T and the number of
receiving electrodes R are four respectively.

[0023] The plurality of driving electrodes T and the plural-
ity of receiving electrodes R may be arranged to cross each
other. The driving electrode T may include the plurality of
driving electrodes T extending 1n a first axial direction. The
receiving electrode R may include the plurality of receiving
clectrodes R extending 1n a second axial direction crossing
the first axial direction.

[0024] In the touch sensor panel 100 according to the
embodiment of the present invention, the plurality of driving
clectrodes T and the plurality of receiving electrodes R may
be formed in the same layer. For example, the plurality of
driving electrodes T and the plurality of recerving electrodes
R may be formed on the same side of an insulation layer
(reference numeral 130 of FIG. 3). Also, the plurality of
driving electrodes T and the plurality of recerving electrodes
R may be formed 1n the different layers. For example, the
plurality of driving electrodes T and the plurality of recetving,
clectrodes R may be formed on both sides of one insulation
layer (reterence numeral 130 of FIG. 3), or the plurality of
driving electrodes T may be formed on a side of a first 1nsu-
lation layer (reference numeral 110 of FIG. 3) and the plural-
ity of recerving electrodes R may be formed on a side of a
second insulation layer (reference numeral 130 of FIG. 3)
different from the first insulation layer.

[0025] The plurality of driving electrodes T and the plural-
ity of recerving electrodes R may be made of a transparent
conductive maternial (for example, indium tin oxide (ITO) or
antimony tin oxide (ATO)), or the like. However, this 1s justan
example. The driving electrode T and the receiving electrode
R may be also made of another transparent conductive mate-
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rial or an opaque conductive material like copper, etc. In the
embodiment of the present invention, the driving electrode T
may correspond to a first electrode T which 1s described with
reference to FIGS. 5 to 8, and the receiving electrode R may
correspond to a second electrode R. According to the embodi-
ment, the driving electrode T and the receiving electrode R
may include a third electrode C respectively. In the present
specification, the third electrode C may be made of the same
material as that of the first electrode T and/or second electrode
R by the same process as that of the first electrode T and/or
second electrode R.

[0026] The touch sensor panel 100 according to the
embodiment of the present invention may include a plurality
of third electrodes C. This will be described 1n more detail
with reference to FIGS. 5 to 8.

[0027] The driving signal supplier 200 according to the
embodiment of the present imvention may apply a driving
signal to the dniving electrode T. In the touch nput device
1000 according to the embodiment of the present invention,
one driving signal may be sequentially applied to each of the
plurality of driving electrodes at a time. The driving signal
may be applied again repeatedly. This 1s just an example.
According to the embodiment, the driving signal may be
simultaneously applied to the plurality of driving electrodes.
Here, the sensing unit 300 may sense a capacitance change
amount by recewving a signal including information on the
capacitance through the receiving electrode R. As such, the
process 1n which the driving signal applied to the plurality of
driving electrodes T 1s sensed through the receiving electrode
R can be referred to as a process of scanning the touch sensor

panel 100.

[0028] When an object like a finger or stylus pen
approaches close to the touch sensor panel 100, the value of
the capacitance through the driving electrode T and recerving
clectrode R may be changed. The sensing umt 300 senses
such electrical characteristics, thereby sensing whether or not
the touch has occurred on the touch sensor panel 100 and
where the touch has occurred. For example, the sensing unit
300 1s able to sense whether or not the touch has occurred on
the touch sensor panel 100 comprised of a two-dimensional
plane consisting of a first axis and a second axis, and/or where
the touch has occurred. The touch mput device 1000 accord-
ing to the embodiment of the present invention may sense the
touch pressure as well.

[0029] More specifically, when the touch occurs on the
touch sensor panel 100, the driving electrode T to which the
driving signal has been applied 1s detected, so that the second
axial direction position of the touch can be detected. Like-
wise, when the touch occurs on the touch sensor panel 100,
the capacitance change 1s detected from the reception signal
received through the receiving electrode R, so that the first
axial direction position of the touch can be detected.

[0030] The touch mput device 1000 according to the
embodiment of the present invention may further include a
controller 400 capable of controlling the operations of the
touch sensor panel 100, the driving signal supplier 200, and
the sensing unit 300. The touch sensor panel 100 and the
controller 400 will be described 1n more detail with reference

to FIGS. 2 to 8.

[0031] Hereatter, the principle of detecting the touch posi-
tion and touch pressure when the touch occurs on the touch
sensor panel 100 will be described with reference to FIG. 2.

[0032] FIG. 21sacross sectional view showing a state at the
time of applying a pressure to the touch mput device 1000
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according to the embodiment of the present mnvention. The
touch input device 1000 according to the embodiment of the
present invention may include a display panel 600. The touch
sensor panel 100 of the touch input device 1000 according to
the embodiment of the present invention may be disposed on
or within the display panel 600. While FIG. 2 shows that the
touch sensor panel 100 1s disposed on the display panel 600,
this 1s just an example. The position of the touch sensor panel
100 1s not limited to this. The display panel 600 1n which the
touch sensor panel 100 of the touch input device 1000 accord-
ing to the embodiment of the present invention may be formed
may be included 1n a liquid crystal display (LCD), an organic
light emitting diode (OLED), etc. Although the reference
numeral 600 of FIG. 2 1s given to the display panel, the
display panel may be constituted by any substrate.

[0033] As shown in FIG. 2, the touch input device 1000
according to the embodiment of the present invention may
include a reference potential layer 700. The reference poten-
tial layer 700 may be disposed apart from the driving elec-
trode T, the recerving electrode R, and the below-described
third electrode C which are included 1n the touch sensor panel
100 according to the embodiment of the present invention. As
shown 1n FIG. 2, when the touch sensor panel 100 according
to the embodiment of the present invention 1s coupled to the
display panel 600, the reference potential layer 700 may be a
ground layer of the display panel 600. Here, the reference
potential layer 700 may have a parallel plane with the two-
dimensional plane of the touch sensor panel 100. Also, the
reference potential layer 700 may be formed on a parallel
plane with the two-dimensional plane of the touch sensor
panel 100 1n a particular pattern.

[0034] As shown in FIG. 2, the touch sensor panel 100 1s
disposed apart from the display panel 600. Here, depending
on a method for adhering the touch sensor panel 100 to the
display panel 600, a space between the touch sensor panel 100
and the display panel 600 may be implemented 1n the form of
an air gap or may be filled with a particular material or an
adhesive.

[0035] FIG. 2 shows that the air gap 500 exists between the
touch sensor panel 100 and the reference potential layer 700.
Here, a double adhesive tape (DAT) 510 may be used to 1ix the
touch sensor panel 100 and the display panel 600. For
example, the areas of the touch sensor panel 100 and the
display panel 600 are overlapped with each other. The touch
sensor panel 100 and the display panel 600 are adhered to
cach other by adhering the edge portions of the touch sensor
panel 100 and the display panel 600 through use of the DAT
510. The rest portions of the touch sensor panel 100 and the
display panel 600 may be spaced apart from each other by a
predetermined distance “d”. Here, FIG. 2 shows that the
reference potential layer 700 1s disposed between the display
panel 600 and the touch sensor panel 100, and the touch
sensor panel 100 and the reference potential layer 700 are
spaced apart from each other by a predetermined distance
“d”.

[0036] FIG. 2 shows that a pressure has been applied to the
touch sensor panel 100 by touching the touch surface of the
touch sensor panel 100 with an object 900. For convenience
of description, FIG. 2 exaggeratedly shows that the touch
sensor panel 100 1s bent by the touch pressure.

[0037] Generally, even when the touch surface of the touch
sensor panel 100 1s touched without being bent, a mutual
capacitance (Cm) 101 between the driving electrode T and the
receiving electrode R 1s changed. That 1s, when the touch
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occurs on the touch sensor panel 100, the mutual capacitance
(Cm) 101 may become smaller than a base mutual capaci-
tance. This 1s because, when the conductive object 900 like a
finger approaches close to the touch sensor panel 100, the
object 900 functions as the ground GND, and then a {ringing
capacitance of the mutual capacitance (Cm) 101 1s absorbed
in the object 900. The base mutual capacitance 1s the value of
the mutual capacitance between the driving electrode T and
the receiving electrode R when there 1s no touch on the touch
sensor panel 100.

[0038] AsshowninFIG. 2, when the object 900 touches the
touch surface of the touch sensor panel 100 and the pressure
1s applied to the touch surface, the touch sensor panel 100 may
be bent. Here, the value of the mutual capacitance (Cm) 101
between the driving electrode T and the receiving electrode R
may be more reduced. This 1s because the bend of the touch
sensor panel 100 causes the distance between the touch sen-
sor panel 100 and the reference potential layer 700 to be
reduced from “d” to “d"”’, so that the fringing capacitance of
the mutual capacitance (Cm) 101 1s absorbed 1n the reference
potential layer 700 as well as 1n the object 900. When a
nonconductive object 900 touches, the change of the mutual
capacitance (Cm) 101 may be simply caused by only the
change of the distance “d-d”” between the touch sensor panel
100 and the reference potential layer 700.

[0039] Also, a self capacitance (Cs) 102 may be formed

between the reference potential layer 700 and each of the
driving electrode T and recerving electrode R. That 1s, the
capacitance which 1s formed between the driving electrode T
and the ground, and the capacitance which 1s formed between
the recerving electrode R and the ground are the self capaci-
tance respectively. When the pressure i1s not applied at the
time of touching the touch sensor panel 100, the value of the
self capacitance (Cs) 102 1s not changed. This has nothing to
do with whether the object 900 1s conductive or non-conduc-
tive.

[0040] However, as shown 1n FIG. 2, when the object 900
touches the touch surface of the touch sensor panel 100 and
the pressure 1s applied to the touch surface, the touch sensor
panel 100 may be bent. Here, the value of the self capacitance
(Cs) 102 of a portion having a reduced distance between the
touch sensor panel 100 and the reference potential layer 700
may be increased. This 1s indicated by (Cs') 102 1n the figure.
This 1s because the distance between the touch sensor panel

100 and the reference potential layer 700 1s reduced from “d”
to “d”” due to the bend of the touch sensor panel 100.

[0041] In FIG. 2, 1t has been described that only the touch
sensor panel 100 1s bent and the display panel 600 1s not bent
when the space between the display panel 600 and the touch
sensor panel 100 1s filled with the air gap 500 and the pressure
1s applied to the touch sensor panel 100. Here, the air gap 500
1s not necessarily filled with air. The air gap 500 may be filled
with any flexible material. In other words, since the touch
sensor panel 100 1s bent and the reference potential layer 700
1s not bent, the distance between the touch sensor panel 100
and the reference potential layer 700 may be changed at the
portion to which the touch pressure has been applied when the
pressure 1s applied to the touch sensor panel 100. Therelore,
the change amount of the mutual capacitance (Cm) 101 and/
or the change amount of the self capacitance (Cs) 102 1s
measured based on the change of the distance between the
reference potential layer 700 and the touch sensor panel 100,
so that the touch position and/or the magmtude of the touch
pressure can be detected.
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[0042] The method for detecting the touch position and/or
the magnitude of the touch pressure 1n accordance with the
embodiment of the present invention can be applied to a case
where the display panel 600 and the touch sensor panel 100
have been completely laminated by an adhesive unlike FIG. 2.
In this case, when the touch pressure 1s applied to the touch
surface of the touch sensor panel 100, the display panel 600 as
well as the touch sensor panel 100 1s simultaneously bent.
Therefore, the touch position and/or the magnitude of the
touch pressure cannot be detected by measuring the change
amount of the mutual capacitance (Cm) 101 and/or the
change amount of the self capacitance (Cs) 102 on the basis of
the change of the distance between the reference potential

layer 700 and the touch sensor panel 100 which are disposed
as shown 1n FIG. 2.

[0043] However, 1n this case, even when the touch sensor
panel 100 1s bent according to the touch pressure on the touch
sensor panel 100, the reference potential layer 700 1s not
disposed as shown 1n FIG. 2 and 1s disposed on a position
where the reference potential layer 700 1s not bent. Accord-
ingly, the touch pressure detection method according to the
embodiment of the present invention can be applied. There-
fore, the touch 1mput device 1000 according to the embodi-
ment of the present mvention may include the reference
potential layer 700 which 1s spaced apart from the touch
sensor panel 100 and 1s not bent despite the touch pressure on
the touch sensor panel 100. The reference potential layer 700
according to the embodiment of the present invention does
not necessarily have to be the ground. According to the
embodiment, the reference potential layer 700 may have any
potential which causes the mutual capacitance and/or self
capacitance to be changed in accordance with the distance
between the electrode and the reference potential layer 700.

[0044] FIG. 3 15 a cross sectional view of the touch 1mput
device 1000 according to the embodiment of the present
invention. FIG. 3 shows the magnified touch sensor panel 100
in the cross sectional view of the touch mput device 1000
shown 1n FI1G. 2. The touch sensor panel 100 according to the
embodiment of the present invention may iclude a first elec-
trode layer 120 formed on one side of the first insulation layer
110 and a second electrode layer 140 formed on one side of
the second 1nsulation layer 130.

[0045] Here, the first and second insulation layers 110 and
130 may be formed of a plastic-made thin transparent {ilm
like polyethylene terephthalate (PET). The touch surface
which 1s touchable by the object 900 may be formed on the
outer surface of a third insulation layer 150. Also, while FIG.
3 shows that the second electrode layer 140 has been adhered
to the third insulation layer 150 like glass, this 1s just an
example. The third insulation layer 150 and the second elec-
trode layer 140 may be adhered to each other with an optical
clear adhesive (OCA) (not shown) placed therebetween. In
addition, according to the embodiment, the first electrode
layer 120 and the second 1nsulation layer 130 may be adhered
to each other with the OCA placed therebetween.

[0046] In the touch mput device 1000 according to the
embodiment of the present invention, the touch sensor panel
100 may include the first electrode T, the second electrode R,
and the third electrode C. These three kinds of electrodes may
be included in both the first electrode layer 120 and the second
clectrode layer 140.

[0047] FIG. 4a 1s a circuit diagram of the driving signal
supplier of the touch mmput device according to the embodi-
ment of the present invention. The driving signal supplier 200
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may be implemented in various forms. FIG. 4a shows three
different circuit diagrams of the driving signal supplier 200.
The driving signal supplier 200 may operate in response to a
drive control signal generated from a drive control signal
generator 420 included 1n the controller 400. A signal which
1s generated from a clock generator in response to the drive
control signal 1s applied as a driving signal to the driving
clectrode T of the touch sensor panel 100 by the driving signal
supplier 200.

[0048] In a first driving signal supplier 200-1, the signal
generated from the clock generator may pass through a digital
buifer and then may be applied to the touch sensor panel 100.

[0049] In asecond driving signal supplier 200-2, the signal
generated from the clock generator may pass through an
analog butifer like an operational amplifier (OP-amp) and then
may be applied to the touch sensor panel 100. Here, a rise/1all
slope of the signal which 1s applied to the touch sensor panel
100 1s not sharper than that of the signal of the first driving
signal supplier 200-1, so that characteristics related to elec-
tromagnetic interference (EMI) can be improved.

[0050] A third driving signal supplier 200-3 may further
include a filter between the clock generator and the analog
butffer. After the signal generated from the clock generator
may be converted into a sine-wave through the filter and then
may be mputted to the analog buffer. Here, since only a signal
having a frequency for driving the driving electrode T 1s
transmitted to the touch sensor panel 100, the EMI character-
1stics can be very significantly improved.

[0051] FIG. 4b1s a circuit diagram of the sensing unit of the
touch input device according to the embodiment of the
present invention. The sensing unit 300 may be implemented
in various forms. FIG. 4b shows two different circuit dia-
grams of the sensing unit 300. The sensing unit 300 may
operate 1n response to a sensing control signal generated from
a sensing control signal generator 430 1ncluded in the con-
troller 400. The sensing unit 300 recerves the signal from the
receiving electrode R 1n response to the sensing control sig-
nal, and then detects the touch position/touch pressure.

[0052] The touch sensor panel 100 may 1nclude a capaci-
tance sensor 310 and an analog to digital converter (ADC)
320. The capacitance sensor 310 may include an amplifier
311 and a feedback capacitor 312 coupled between the nega-
tive (-) mput terminal of the amplifier 311 and the output
terminal of the amplifier 311, that 1s to say, coupled to a
teedback path. Here, the positive (+) input terminal of the
amplifier may be connected to the ground or a reference
potential Vrel. Also, the capacitance sensor 310 may further
include a reset switch 313 which 1s connected 1n parallel with
the feedback capacitor 312. The reset switch 313 may reset
the conversion from current to voltage that 1s performed by
the capacitance sensor 310. The negative input terminal of the
amplifier 311 1s connected to the corresponding receiving
clectrode R and recerves and integrates a current signal
including information on the capacitances 101 and 102, and
then converts the integrated current signal mto voltage. The
sensing unit 300 may further include the ADC 320 which
converts an analog data signal which has passed through the
capacitance sensor 310 into digital data. Later, the digital data
may be input to a (not shown) and processed to obtain infor-
mation on the touch on the touch sensor panel 100. The

sensing unit 300 may include the processor as well as the
capacitance sensor 310 and the ADC 320.

[0053] In a first sensing unit 300-1, the analog digital data
signal which has passed through the capacitance sensor 310 1s
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down-converted into a DC signal through a demodulator 330,
and then the DC signal 1s integrated a predetermined number

of times by using an integrator 340 and 1s inputted to the ADC
320.

[0054] Inasecond sensing unit300-2, the data signal which
1s outputted from the capacitance sensor 310 may be inputted
to the ADC 320. Here, the signal which 1s inputted to the ADC
320 has a frequency of the driving signal which 1s applied to
the driving electrode T.

[0055] In the processor (not shown), an ADC difference
value for each node between a case where the touch occurs
and a case where the touch does not occur 1s obtained by using
the signal which has passed through the ADC 320, and then a
group consisting of the nodes of which the ADC difference
value 1s greater than a predetermined threshold 1s made. Then,
the center of gravity within the group 1s obtained, so that the
touch position can be detected. Here, the node 1s designated as
an arca where the capacitance 1s generated by the crossing of
the driving electrode T and the receiving electrode R.

[0056] Also, 1n the processor (not shown), the ADC differ-
ence value for each node between a case where the touch
occurs and a case where the touch does not occur 1s obtained,
and then a group consisting ol nodes of which the ADC
difference value 1s greater than a predetermined threshold 1s
made. Then, the sum of the ADC difference value of a nec-
essary area 1s obtained and then can be used as the magnitude
of the pressure. For example, when one value of the pressure
1s required with respect to the entire area of the touch sensor
panel 100, the ADC difference value of the entire area can be
used as the magnitude of the pressure.

[0057] The above-described method for detecting the touch
position/touch pressure by the processor 1s just an example.
The touch position/touch pressure can be detected by other
various methods.

[0058] The mutual capacitance may be detected by apply-
ing the driving signal to the driving electrode T and then by
sensing the capacitance between the driving electrode T and
the receiving electrode R from the receiving electrode R. The
self capacitance may be detected by applying the driving
signal to one electrode and then by measuring the capacitance
of the electrode itself through the electrode. For example, the
sell capacitance may be detected by various methods. The
various method may include a method 1n which, after a certain
voltage 1s charged in the electrode, the amount of charges
charged 1n the capacitor within an integrated circuit (IC) 1s
obtained through charge sharing between the capacitor within
the IC and the capacitor of an outside line, or a method in
which, after a certain amount of the current 1s charged in the
capacitor of the outside line and a certain period of time
clapses, the amount of charges charged 1n the capacitor within
the IC 1s measured. FIG. 4c¢ 1s a circuit diagram of an imped-
ance controller of the touch input device according to the
embodiment of the present invention. The impedance con-
troller 210 may be implemented 1in various forms. FIG. 4c¢
shows a circuit diagram according to the embodiment. The
impedance controller 210 may operate 1n response to an
impedance control signal generated from an impedance con-
trol signal generator 421 included 1n the controller 400. The
impedance controller 210 may control the impedance of the
third electrode C in response to the impedance control signal.
In FIG. 4¢, one end of the impedance controller 210 may be
connected to the third electrode C included 1n the touch sensor

panel 100.
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[0059] When the third electrode C is used as the receiving
electrode, a first switch 211 is closed and a second switch 212
and a third switch 213 are opened. In this case, the third
clectrode C 1s connected not only to the capacitance sensor
310 of the sensing unit 300 but also to a virtual ground node
of the amplifier 311, and thus, 1s connected to a low 1mped-
ance. Theretore, the third electrode C can function to shield
noise.

[0060] When the third electrode C 1s used as the driving
electrode, the first switch 211 and the third switch 213 are
opened and the second switch 212 is closed. Here, one end of
the second switch 212 1s connected to the third electrode C
and the other end of the second switch 212 1s connected to the
driving signal supplier 200. The driving signal 1s applied from
the driving signal supplier 200 to the third electrode C. In this
case, since the output impedance of a bufler (digital buiter,
analog butler), which 1s used as the final output of the driving
signal supplier 200, 1s low, the third electrode C can function
to shield the noise.

[0061] When the third electrode C 1s connected to the
ground, the first switch 211 and the second switch 212 are
opened and the third switch 213 1s closed. Here, one end of the
third switch 213 1s connected to the third electrode C and the
other end of the third switch 213 1s connected to the ground.
In this case, when the third electrode C 1s connected with the
low impedance to the ground, the third electrode C can tunc-
tion to shield the noise.

[0062] When all of the first to third switches 211, 212 and
213 are opened, the third electrode C 1s 1n a floating state.
While the foregoing has described that the impedance con-
troller 210 controls the impedance of the third electrode C, the
impedance controller 210 may be configured to control the
impedances of the driving electrode T/recerving electrode R
in accordance with the embodiment.

[0063] FIG. 5 shows a first configuration example of the
clectrode of the touch mnput device according to the embodi-
ment of the present invention. FIG. 5 shows that the first
clectrode T and the third electrode C are positioned 1n the first
clectrode layer 120, and the second electrode R 1s positioned
in the second electrode layer 140 which 1s positioned such
that the msulation layer 130 1s positioned between the first
clectrode layer 120 and the second electrode layer 140. In
FIG. 5, the first electrode T may include a plurality of first
clectrodes TO0, T1, T2 and T3 extending in the first axial
direction. The second electrode R may include a plurality of
second electrodes R0, R1, R2 and R3 extending 1n the second
axial direction crossing the first axial direction.

[0064] In the past, the touch sensor panel 100 has been
configured to have two kinds of electrodes, that 1s, the driving
clectrode T and the receiving electrode R. Theretfore, only one
kind of the first electrode T 1s positioned 1n the first electrode
layer 120. Here, 1n order to improve a function to shield the
noise including an electromagnetic signal generated from a
configuration like the display panel 600, 1t was common that
the width of each of the plurality of first electrodes T 1s formed
to be greater than that of the second electrode R of the receiv-
ing electrode. In such a conventional configuration, when the
width of the first electrode T 1s large, 1t was easy to sense the
touch position in the two-dimensional plane consisting of the
first axis and the second axis by sensing the mutual capaci-
tance change between the first electrode T and the second
clectrode R. However, 1n the touch mput device 1000 shown
in FIG. 2 according to the embodiment of the present inven-
tion, when the first electrode T having a larger width 1s used,
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the change of the self capacitance between the reference
potential layer 700 and the second electrode R 1s reduced
and/or the change of the mutual capacitance between the first
clectrode T and the second electrode R 1s reduced by the
reference potential layer 700, so that the measurement of the
magnitude of the touch pressure may be interrupted.

[0065] Theretfore, in order to solve such a problem 1n the
embodiment of the present invention, the width of the first
clectrode T may be formed to be the same as that of the second
clectrode R. That 1s, the width of the first electrode T may be
formed not to be larger than that of the second electrode R. In
this case, the detection accuracy of the two-dimensional
touch position may be deteriorated due to the noise. Addi-
tionally, 1n order to overcome such a problem, the embodi-
ment of the present invention may further include the third
clectrode C.

[0066] In FIG. 5, as with the first electrode T, the third
clectrode C may include a plurality of third electrodes CO0, C1,
C2 and C3 extending 1n the first axial direction. This 1s just an
example. The third electrode C may have another shape and/
or another extension direction in accordance with the
embodiment.

[0067] The controller 400 according to the embodiment of
the present invention may include the impedance control
signal generator 421 to reduce the eflect of the noise by
controlling the operation of the third electrode C through the
impedance control signal, thereby making 1t possible to mini-
mize errors 1n the detection of the touch position and to
accurately measure the magnitude of the touch pressure.
Hereafter, the operation examples of the third electrode C,
first electrode T and second electrode R by the controller 400
according to the embodiment of the present invention will be

described.

First Example of Operation

[0068] The controller 400 according to the embodiment of
the present invention may control the sensing unit 300
through the sensing control signal and the impedance control
signal. The controller 400 may control the sensing unit 300 to
receive not only the first signal including information on the
capacitance changing depending on the touch on the touch
surface of the touch sensor panel 100 from the plurality of
second electrodes R, but also a second signal including infor-
mation on the capacitance changing depending on the touch
on the touch surface of the touch sensor panel from the plu-
rality of third electrodes C.

[0069] The sensing unit 300 may detect the touch position
in the two-dimensional plane consisting of the first axis and
the second axis from the first signal. Here, since the third
clectrode C also functions as the receiving electrode, when
the sensing unit 300 detects the touch position, the third
clectrode C 1s connected with the low impedance to a DC
voltage, thereby performing a shielding function. Therelore,
the errors due to the noise may be reduced 1n the detection of
the touch position.

[0070] The sensing unit 300 may detect the magnitude of
the touch pressure from the second signal received from the
third electrode C functioning as the recerving electrode. Here,
any configuration with a shielding function does not exist
between the reference potential layer 700 and both the first
clectrode T and the third electrode C. Therefore, not only the
occurrence ol the change of the mutual capacitance formed
between the first electrode T and the third electrode C, but
also the occurrence of the change of the self capacitance
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through the relationship with the reference potential layer 700
1s not interrupted, so that the detection accuracy of the touch

pressure can be improved through the second signal from the
third electrode C.

Second Example of Operation

[0071] The controller 400 according to the embodiment of
the present 1nvention may control the plurality of third elec-
trodes C through the impedance control signal. The controller
400 may control the plurality of third electrodes C to be
maintained at a first impedance 1n a first time 1nterval and to
be maintained at a second impedance 1n a second time interval
different from the first time interval. Here, the second imped-
ance may be greater than the first impedance. The controller
400 divides time required for the sensing unit 300 to recerve
the signal from the second electrode R and controls such that
the third electrode C 1s maintained at the first impedance in
the first time terval and the third electrode C 1s maintained
at the second impedance in the second time nterval.

[0072] The sensing unit 300 may detect the touch position
in the two-dimensional plane consisting of the first axis and
the second axis from the first signal received from the second
clectrode R during the first time interval. Here, the third
clectrode C 1s maintained at the low impedance and 1s con-
nected to the DC voltage, thereby performing a shielding
function. Theretore, the errors due to the noise can be reduced
in the detection of the touch position. In the present specifi-
cation, 1t 1s possible to control the third electrode C to have the
low 1impedance so as to perform the shielding function.

[0073] The impedance means an alternating current (AC)
resistance value of a current flow. According to the embodi-
ment of the present mnvention, the low 1impedance for per-
forming the shielding function may have a resistance value
less than 10 K£2. In the present specification, a shielding
impedance for shielding the noise may be designated as a low
impedance. When the third electrode C having an impedance
greater than 10 K€2 1s applied to the DC voltage, it 1s difficult
tfor the third electrode C to perform the shielding function. In
the present specification, the low impedance or the first
impedance may be interpreted the same as the shielding
impedance which causes the shielding function to be per-
formed. The low impedance or the first impedance may be set
differently according to the embodiment, for example, may
have a range less than 10 K£2. For the purpose of performing
the shielding function, the third electrode C according to the
embodiment of the present invention may be connected with
the low impedance to the ground or the DC voltage such as a
direct current (DC) power. In the present specification, the
case where the third electrode C 1s maintained at the low
impedance may include a case where the third electrode C 1s
maintained at the ground potential.

[0074] The sensing unit 300 may detect the magnitude of
the touch pressure during the second time interval from the
first signal received from the second electrode R. Here, since
the third electrode C 1s connected with a high impedance to
the DC voltage, 1t does not perform the shielding function.
Therefore, not only the occurrence of the change of the
mutual capacitance formed between the first electrode T and
the second electrode R, but also the occurrence of the change
of the self capacitance through the relationship with the ret-
erence potential layer 700 1s not interrupted, so that the detec-
tion accuracy of the touch pressure can be improved through
the first signal from the second electrode R.
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[0075] According to the embodiment of the present mnven-
tion, the second impedance of the third electrode C may have
a resistance value higher than 1000€2. A shielding prevention
impedance which prevents the noise from being shielded may
be designated as a high impedance. The shielding function
may be decreased with the increase of the resistance value,
and the shielding function may be improved with the decrease
ol the resistance value. When the third electrode C 1s applied
with an impedance less than 1000£2 to the DC voltage, the
noise shielding performance may be very high. In the present
specification, the high impedance or the second impedance
may be interpreted the same as the shielding prevention
impedance which decreases the shielding function. The high
impedance or the second impedance may be set differently
according to the embodiment, for example, may have a range
greater than 1000€2. According to the embodiment of the
present invention, 1n order not to perform the shielding func-
tion, the third electrode C may be connected with the high
impedance to the ground or the DC voltage such as a direct
current (DC) power. Also, 1n the present specification, the
case where the third electrode C 1s maintained at the second
impedance may include a case where the third electrode C 1s
maintained 1n the floating state. In the floating state, the
resistance value may be infinite.

Third Example of Operation

[0076] The controller 400 according to the embodiment of
the present invention may control the sensing unit 300
through the sensing control signal and the impedance control
signal. The controller 400 may control the sensing unit 300 to
receive, 1n the first time 1nterval, the first signal including
information on the capacitance changing depending on the
touch on the touch surface of the touch sensor panel 100 from
the plurality of second electrodes R and to recerve, in the
second time interval different from the first time interval, the
second signal including information on the capacitance
changing depending on the touch on the touch surface of the
touch sensor panel from the plurality of third electrodes C.
[0077] Here, the controller 400 may control such that the
plurality of third electrodes C are maintained at the low
impedance during the first time interval and the plurality of
second electrodes R are maintained at the low impedance
during the second time interval. Here, the low impedance may
be less than 10 K€2.

[0078] The sensing unit 300 may detect the touch position
during the first time interval in the two-dimensional plane
consisting of the first axis and the second axis from the first
signal received from the second electrode R. Here, the third
clectrode C 1s connected with the low impedance to the DC
voltage and performs the shielding function. Theretfore, the
errors due to the noise can be reduced 1n the detection of the
touch position.

[0079] The sensing unit 300 may detect the magnitude of
the touch pressure during the second time interval from the
second signal received from the third electrode C. Here, any
configuration with the shielding function does not exist
between the reference the potential layer 700 and both the first
clectrode T and the third electrode C. Therefore, not only the
occurrence ol the change of the mutual capacitance formed
between the first electrode T and the third electrode C, but
also the occurrence of the change of the self capacitance
through the relationship with the reference potential layer 700
1s not interrupted, so that the detection accuracy of the touch
pressure can be improved through the second signal from the
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third electrode C. Here, since the second electrode R 1s main-
tained at the low impedance, noise coming from a direction
facing the display panel 600 can be shielded.

Fourth Example of Operation

[0080] The controller 400 according to the embodiment of
the present invention may control the driving signal supplier
200 through the drive control signal. The controller 400 may
control the driving signal supplier 200 to apply the driving
signal to the plurality of first electrodes T and the plurality of
third electrodes C 1n the first time interval and to apply the
driving signal to only the plurality of first electrodes T 1n the
second time interval different from the first time interval.
Here, the controller 400 may control through the impedance
control signal such that the third electrode C 1s maintained at
the shielding prevention impedance during the second time

interval. Here, the shielding prevention impedance may be
greater than 100062,

[0081] The controller 400 divides time required for the
driving signal supplier 200 to apply the driving signal and
controls such that the third electrode C as well as the first
clectrode T functions as the driving electrode 1n the first time
interval and only the first electrode T functions as the driving
clectrode 1n the second time interval.

[0082] The sensing unit 300 may detect the touch position
during the first time interval in the two-dimensional plane
consisting of the first axis and the second axis from the first
signal received from the second electrode R. Here, since the
third electrode C functions as the driving electrode, the third
clectrode C 1s connected with the low impedance to the DC
voltage and performs the shielding function. Theretfore, the
errors due to the noise can be reduced in the detection of the
touch position.

[0083] The sensing unit 300 may detect the magnitude of
the touch pressure during the second time interval from the
first signal recerved from the second electrode R. Here, since
the third electrode C 1s maintained at the high impedance, 1t
does not perform the shielding function. Therefore, not only
the occurrence of the change of the mutual capacitance
formed between the first electrode T and the second electrode
R, but also the occurrence of the change of the self capaci-
tance through the relationship with the reference potential
layer 700 1s not interrupted, so that the detection accuracy of
the touch pressure can be improved through the first signal
from the second electrode R.

Fifth Example of Operation

[0084] The controller 400 according to the embodiment of
the present invention may control the driving signal supplier
200 through the drive control signal and the sensing control
signal. The controller 400 may control the driving signal
supplier 200 to apply the driving signal to the plurality of first
clectrodes T and the plurality of third electrodes C 1n the first
time interval and may control the sensing unit 300 to receive,
in the second time 1nterval ditferent from the first time 1nter-
val, the second signal including information on the capaci-
tance changing depending on the touch on the touch surtace
of the touch sensor panel 100 from the plurality of third
clectrodes C.

[0085] The controller 400 divides time required for the
driving signal supplier 200 to apply the driving signal and
controls such that the third electrode C as well as the first
clectrode T functions as the driving electrode in the first time
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interval and only the first electrode T functions as the driving
electrode 1n the second time interval. Likewise, the controller
400 may control such that the plurality of second electrodes R
function as the receiving electrode in the first time nterval
and the plurality of third electrodes C function as the receiv-
ing electrode in the second time interval. There 1s no need to
exclude the function of the second electrode R as the receiv-
ing electrode 1n the second time interval.

[0086] The sensing unit 300 may detect the touch position
during the first time 1nterval in the two-dimensional plane
consisting of the first axis and the second axis from the first
signal recerved from the second electrode R. Here, since the
third electrode C functions as the driving electrode, the third
clectrode C 1s connected with the low impedance to the DC
voltage and performs the shielding function. Therefore, the
errors due to the noise can be reduced in the detection of the
touch position.

[0087] The sensing unit 300 may detect the magnitude of
the touch pressure during the second time interval from the
second signal received from the third electrode C. Here, any
configuration with the shielding function does not exist
between the reference potential layer 700 and both the first
clectrode T and the third electrode C. Therefore, not only the
occurrence ol the change of the mutual capacitance formed
between the first electrode T and the third electrode C, but
also the occurrence of the change of the self capacitance
through the relationship with the reference potential layer 700
1s not interrupted, so that the detection accuracy of the touch
pressure can be improved through the second signal from the
third electrode C.

[0088] FIG. 6 shows a second configuration example of the
clectrode of the touch mput device according to the embodi-
ment of the present imnvention. That 1s to say, 1n the descrip-
tions related to FIG. 5 and the following FIG. 7, since the
plurality of third electrodes C are not electrically connected to
cach other, a separate channel can be constituted. However,
this 1s just an example. At least two of the plurality of third
clectrodes C may be electrically connected to each other. FIG.
6 shows that the third electrode C 1s configured by electrically
connecting four third electrodes C0, C1, C2 and C3 to each
other through a conductive trace “b”. The number of the
clectrodes which can be electrically connected to each other
among the plurality of third electrodes C may be freely deter-
mined. For example, it 1s possible that each two of the plu-
rality of third electrodes C are electrically connected to each
other or each three or each any number of the plurality of third
clectrodes C are electrically connected to each other.

[0089] As shown in FIG. 6, since the channel can be shared
among the plurality of third electrodes C connected electri-
cally to each other, the number of pins can be reduced. In the
embodiment of the present ivention, when the third elec-
trode C 1s maintained at the first low impedance or the second
high impedance or when the third electrode C functions as the
receiving electrode detecting the pressure or when the third
clectrode C functions as the drniving electrode to which the
driving signal 1s applied, only one channel may be constituted
by electrically connecting between the plurality of third elec-
trodes. The magnitude of the touch pressure can be obtained
from the signal 1n which the sum of the capacitance change
amount has been reflected through one channel. This can be
applied to the embodiments throughout the specification.

[0090] FIG. 7 shows a third configuration example of the
clectrode of the touch mput device according to the embodi-
ment of the present invention. FIG. 7 shows that the third
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clectrode C 1s positioned 1n the first electrode layer 120, and
the first electrode T and the second electrode R are positioned
in the second electrode layer 140 which 1s positioned such
that the msulation layer 130 1s positioned between the first
clectrode layer 120 and the second electrode layer 140. While
FIG. 7 shows a particular pattern, the first electrode T and the
second electrode R are formed 1n the same layer, so that a
pattern which has any shape and 1s capable of detecting the
touch position and touch pressure may be included.

[0091] In FIG. 7, the first electrode T and the second elec-
trode R may be formed 1n the same layer and configured to
detect the touch pressure as well as touch position on the
touch sensor panel 100. As shown 1n FIG. 7, the plurality of
first electrodes T and the plurality of second electrodes R may
form a touch detection area including a plurality of sensing
cells “A” arranged 1n a matrix consisting of M number of
columns extending 1n the second axial direction and N num-
ber of rows extending in the first axial direction (MxN, M and
N are natural numbers).

[0092] Here, each of the plurality of sensing cells “A” may
include the first electrode T and the second electrode R which
do not contact each other. FIG. 7 shows that the shapes of the
patterns in the sensing cells “A” are the same as each other.
Thefirstelectrode T has a bar shape extending in the first axial
direction. Therefore, when the touch occurs on the touch
sensor panel, the touch position 1n the second axial direction

can be detected by processing the signal of the first electrode
T

[0093] It can be seen that the second electrode R has a
quadrangular pattern divided for each sensing cell “A”. How-
ever, the conductive trace 1s connected to each second divided
clectrode 1included 1n the sensing cell “A”. Here, as shown 1n
FI1G. 7, 1t can be understood that the second divided electrodes
included 1n the same column are electrically connected to
cach other through the conductive trace. It can be found that
the second divided electrodes 1included in different columns
are electrically insulated from each other. Accordingly, four
second divided electrodes positioned 1n the first column (up-
permost column) form the electrode R0, four second divided
clectrodes positioned 1n the second column form the elec-
trode R1. In the same manner, four second divided electrodes
positioned 1n the fourth column form the electrode R3. There-
fore, when the touch occurs on the touch sensor panel, the
touch position 1n the first axial direction can be detected by
processing the signal from the second electrode R.

[0094] FIG. 7 may further include the third electrode C 1n
order to reduce the detection error by shielding the noise at the
time of detecting the touch position and to improve the detec-
tion accuracy of the touch pressure. Here, the third electrode
C may be positioned 1n the first electrode layer 120 which 1s
positioned such that the insulation layer 130 1s positioned

between the second electrode layer 140 and the first electrode
layer 120.

[0095] In FIG. 7, as with the first electrode T, the third
clectrode C may include the plurality of third electrodes CO0,
C1, C2 and C3 extending 1n the first axial direction. Here, the
third electrode C may be formed to have a larger width so as
to enhance the shielding function. While FIGS. 5 and 7 show
that the third electrode C extends 1n the first axial direction,
this 1s just an example. The third electrode C may have
another shape and/or another extension direction 1n accor-
dance with the embodiment.

[0096] The controller 400 according to the embodiment of
the present invention may reduce the efiect of the noise by
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controlling the operation of the third electrode C through the
impedance control signal, thereby making 1t possible to mini-
mize errors 1n the detection of the touch position and to
accurately measure the magnitude of the touch pressure.
Hereatter, the operation examples of the third electrode C,
first electrode T and second electrode R by the controller 400
according to the embodiment of the present invention will be
described with reference to FIG. 7.

Si1xth Example of Operation

[0097] The controller 400 according to the embodiment of
the present 1nvention may control the plurality of third elec-
trodes C through the impedance control signal. The controller
400 may control the plurality of third electrodes C to be
maintained at the first impedance 1n the first time 1nterval and
to be maintained at the second impedance 1n the second time
interval different from the first time interval. Here, the second
impedance may be greater than the first impedance. The
description thereabout can be obtained by reference to the
description related to FIG. 5 and repetitive descriptions
thereol will be omitted. The controller 400 divides time
required for the sensing unit 300 to recerve the signal from the
second electrode R and controls such that the third electrode
C 1s maintained at the first impedance 1n the first time interval
and the third electrode C 1s maintained at the second 1imped-
ance 1n the second time 1nterval.

[0098] The sensing unit 300 may detect the touch position
during the first time 1nterval in the two-dimensional plane
consisting of the first axis and the second axis from the first
signal recerved from the second electrode R. Here, the third
clectrode C 1s maintained at the low impedance and 1s con-
nected to the DC voltage, thereby performing the shielding
function. Theretore, the errors due to the noise can be reduced
in the detection of the touch position.

[0099] The sensing unit 300 may detect the magnitude of
the touch pressure during the second time interval from the
first signal recerved from the second electrode R. Here, since
the third electrode C 1s connected with the high impedance to
the DC voltage, 1t does not perform the shielding function.
Therefore, not only the occurrence of the change of the
mutual capacitance formed between the first electrode T and
the second electrode R, but also the occurrence of the change
of the self capacitance through the relationship with the ret-
erence potential layer 700 1s not interrupted, so that the detec-
tion accuracy of the touch pressure can be improved through
the first signal from the second electrode R.

Seventh Example of Operation

[0100] The controller 400 according to the embodiment of
the present invention may control the driving signal supplier
200 through the drive control signal and the impedance con-
trol signal. The controller 400 may control the driving signal
supplier 200 to apply the driving signal to the plurality of first
clectrodes T and the plurality of third electrodes C in the first
time 1nterval and to apply the driving signal to only the plu-
rality of first electrodes T 1n the second time interval different
from the first time interval. Here, the controller 400 may
control such that the third electrode C 1s mamtained at the
shielding prevention impedance during the second time inter-
val.

[0101] The controller 400 divides time required for the
driving signal supplier 200 to apply the driving signal and
controls such that the third electrode C as well as the first

Jul. 7, 2016

clectrode T functions as the driving electrode 1n the first time
interval and only the first electrode T functions as the driving
clectrode 1n the second time interval.

[0102] The sensing unit 300 may detect the touch position
during the first time interval in the two-dimensional plane
consisting of the first axis and the second axis from the first
signal recerved from the second electrode R. Here, since the
third electrode C functions as the driving electrode, the third
clectrode C 1s connected with the low impedance to the DC
voltage and performs the shielding function. Theretfore, the
errors due to the noise can be reduced 1n the detection of the
touch position.

[0103] The sensing unit 300 may detect the magnitude of
the touch pressure during the second time interval from the
first signal recerved from the second electrode R. Here, since
the third electrode C 1s maintained at the high impedance, 1t
does not perform the shielding function. Therefore, not only
the occurrence of the change of the mutual capacitance
tformed between the first electrode T and the second electrode
R, but also the occurrence of the change of the self capaci-
tance through the relationship with the reference potential
layer 700 1s not interrupted, so that the detection accuracy of
the touch pressure can be improved through the first signal
from the second electrode R.

[0104] The shape and constituent material of the third elec-
trode C according to the embodiment of the present invention
1s not necessarily distinguished from those of the first elec-
trode T or the second electrode R. That 1s, the third electrode
C may be formed to have the same shape and constituent
material as those of the first electrode T. Theretfore, the above-
described embodiment of the present invention may be imple-
mented by adopting the portion of the first electrode T, instead
of explicitly and separately forming the third electrode C.
FIG. 8 shows a fourth configuration example of the electrode
of the touch input device according to the embodiment of the
present invention. FIG. 8 shows that a configuration which
includes only the plurality of first electrodes T and the plu-
rality of second electrodes R are positioned with the 1mnsula-
tion layer 130 placed therebetween, reduces the detection
error by shielding the noise at the time of detecting the touch
position, and improves the detection accuracy of the touch
pressure. The plurality of first electrodes T may be positioned
in the first electrode layer 120, and the second electrode R
may be positioned 1n the second clectrode layer 140 which 1s
positioned such that the insulation layer 130 1s positioned
between the second electrode layer 140 and the first electrode
layer 120. Here, the first electrode T may function not only as
the drniving electrode, but also as the third electrode C
described relative to FIGS. 4 to 6.

[0105] The controller 400 according to the embodiment of
the present invention may reduce the efiect of the noise by
controlling the operation of the second electrode T, thereby
making it possible to minimize errors 1n the detection of the
touch position and to accurately measure the magnitude of the
touch pressure. Hereafter, the operation examples of the first
clectrode T and second electrode R by the controller 400
according to the embodiment of the present invention will be
described with reference to FIG. 8.

Eighth Example of Operation

[0106] The controller 400 according to the embodiment of
the present invention may control the driving signal supplier
200 through the drive control signal. The controller 400 may
control the driving signal supplier 200 to apply the driving
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signal to the plurality of first electrodes T 1n the first time
interval and to apply the driving signal to only some of the
plurality of first electrodes T in the second time interval
different from the first time interval. Also, the controller 400
may control the sensing umt 300 to receive, in the first time
interval, the first signal including information on the capaci-
tance changing depending on the touch on the touch surface
ol the touch sensor panel from the plurality of second elec-
trodes and to receive, 1n the second time interval, the second
signal including information on the capacitance changing
depending on the touch on the touch surface of the touch
sensor panel from remaining electrodes except for the some
of the plurality of first electrodes.

[0107] Forexample, the entire plurality of first electrodes T
may function as the driving electrode 1n the first time interval,
and only some of the plurality of first electrodes T may
function as the driving electrode 1n the second time interval.
Here, included 1s a case where the number of the first elec-
trodes T which are driven 1n the first time interval 1s greater
than the number of the first electrodes T which are driven in
the second time interval. All of the plurality of first electrodes
T are not necessarily driven during the first time interval.
Also, the above word “some™ means an integer greater than 1
and may be less than the total number of the plurality of first
clectrodes T. For example, some electrodes may be odd num-
bered electrodes T1 and T3. Also, the second electrode R may
function as the receiving electrode during the first time 1nter-
val, and remaining electrodes T0 and T2 except for the some
clectrodes T1 and T3 of the plurality of first electrodes T may
function as the recerving electrode during the second time
interval. Here, the remaining electrodes T0 and T2 may
include only some of electrodes except for the some elec-
trodes T1 and T3 of the plurality of first electrodes T.

[0108] The sensing unit 300 may detect the touch position
during the first time 1nterval in the two-dimensional plane
consisting of the first axis and the second axis from the first
signal recerved from the second electrode R. Here, all of the
first electrodes T are connected with the low impedance to the
DC voltage and performs the shielding function. Therefore,
the errors due to the noise can be reduced 1n the detection of
the touch position.

[0109] The sensing unit 300 may detect the magnitude of
the touch pressure from the second signal received from the
remaining electrodes T0 and T2 except for the some elec-
trodes T1 and T3 of the plurality of first electrodes T during
the second time interval. Here, any configuration with the
shielding function does not exist between the reference
potential layer 700 and both the some electrodes T1 and T3
and the remaiming electrodes T0 and T2. Therefore, not only
the occurrence of the change of the mutual capacitance
formed between the some electrodes T1 and T3 and the
remaining electrodes T0 and T2, but also the occurrence of
the change of the self capacitance through the relationship
with the reference potential layer 700 1s not interrupted, so
that the detection accuracy of the touch pressure can be
improved through the second signal from the remaining elec-
trodes T0 and T2. Here, the function of the second electrode
R as the receiving electrode 1s not excluded.

Ninth Example of Operation

[0110] The controller 400 according to the embodiment of
the present invention may control the driving signal supplier
200 through the drive control signal. The controller 400 may
control the driving signal supplier 200 to apply the driving
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signal to the plurality of first electrodes T 1n the first time
interval and to apply the driving signal to only some 11 and
T3 of the plurality of first electrodes T 1n the second time
interval different from the first time interval. Here, the con-
troller 400 may control such that the remaining electrodes T0
and T2 except for the some electrodes T1 and T3 of the
plurality of first electrodes T are maintained at the shielding
prevention impedance during the second time interval. Here,
the shielding prevention impedance may be greater than

1000€2.

[0111] For example, the plurality of first electrodes T may
function as the driving electrode 1n the first time interval.
Only the some electrodes T1 and T3 of the plurality of first
clectrodes T may function as the driving electrode in the
second time 1nterval.

[0112] The sensing unit 300 may detect the touch position
during the first time interval in the two-dimensional plane
consisting of the first axis and the second axis from the first
signal received from the second electrode R. Here, since the
first electrode T functions as the driving electrode, the third
clectrode C 1s connected with the low impedance to the DC
voltage and performs the shielding function. Therefore, the
errors due to the noise can be reduced 1n the detection of the
touch position.

[0113] The sensing unit 300 may detect the magnitude of
the touch pressure during the second time interval from the
first signal recerved from the second electrode R. Here, since
the remaining electrodes T0 and T2 except for the some
clectrodes T1 and T3 of the plurality of first electrodes T are
maintained at the high impedance, they do not perform the
shielding function. Therefore, Therefore, not only the occur-
rence ol the change of the mutual capacitance formed
between the some electrodes T1 and T3 and the second elec-
trode R, but also the occurrence of the change of the self
capacitance through the relationship with the reference
potential layer 700 1s not interrupted, so that the detection
accuracy of the touch pressure can be improved through the
first signal from the second electrode R.

[0114] The above-described driving signal supplier 200,
impedance controller 210, sensing unit 300 and/or controller
400 may constitute a touch detector according to the embodi-
ment of the present invention. The touch detector 1s a touch
sensing chip of the touch input device 1000 and may be
implemented on the integrated circuit. According to the
embodiment, the touch detector may be designated as the
entire touch mput device 1000.

[0115] Hereatter, the touch detection method which sepa-
rates and detects the touch position and touch pressure
described with reference to FIGS. 1 to 8 will be briefly
described with reference to FIG. 9.

[0116] Referring to FIG. 9, the touch detection method

according to the embodiment of the present invention may
include applying the driving signal to the touch sensor panel
(5S10) and separating and detecting the touch position and
touch pressure (S20).

[0117] Here, the separating and detecting the touch posi-
tion and touch pressure (S20) may be performed to include
distinguishing between an electrode which obtains a detec-
tion signal for detecting the touch position and an electrode
which obtains a detection signal for detecting the touch pres-
sure (2-1) and/or distinguishing between a time interval for
detecting the touch position and a time 1nterval for detecting
the touch pressure, that 1s to say, the time-division (2-2). Here,
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any one of the above two distinguishing methods may be used
or both of them may be used at the same time.

[0118] In the touch detection method according to the
embodiment of the present invention, when 1t 1s intended to
detect the touch position, the noise may be shielded, and when
it 1s intended to detect the touch pressure, the noise may be
prevented from being shielded. For the purpose of shielding
the noise and of preventing the noise from being shielded, the
applying the driving signal (S10) 1n the touch detection
method according to the embodiment of the present invention
may be performed to include applying the driving signal to all
or a portion of the driving electrodes through the time-divi-
sion (1-1) or applying the driving signal to the driving elec-
trode and shielding electrode through the time-division (1-2).
The applying the driving signal to the touch sensor panel
(S10) 1s the same as the detailed description of the operation
examples with reference to FIGS. 5 to 8.

[0119] Also, the touch detection method according to the
embodiment of the present invention may further include
maintaining a portion of the driving electrodes or the shield-
ing electrode (third electrode) at the shielding impedance or
shielding prevention impedance (S30) 1n order to shield or
prevent shielding. The maintaining (S30) 1s also the same as
the detailed description of the operation examples with ret-
erence to FIGS. 5 to 8. Although embodiments of the present
invention were described above, these are just examples and
do not limit the present invention. Further, the present inven-
tion may be changed and modified i various ways, without
departing from the essential features of the present invention,
by those skilled in the art. For example, the components
described in detail in the embodiments of the present mnven-
tion may be modified. Further, differences due to the modifi-
cation and application should be construed as being included
in the scope and spirit of the present mvention, which 1s
described in the accompanying claims.

What 1s claimed 1s:

1. A touch mput device comprising:

a touch sensor comprising a plurality of touch electrodes;
a display panel; and

a reference potential layer,

wherein the touch sensor 1s completely laminated with
the display panel,

wherein, when a touch pressure 1s applied, the touch
sensor and the display panel are bent,

wherein the reference potential layer 1s disposed apart
from the touch sensor,

wherein a touch position 1s detected based on a first
capacitance which 1s detected from the touch elec-
trode and 1s changed by an approach of an objectto the
touch sensor,

and wheremn a magnitude of the touch pressure 1is
detected based on a second capacitance which 1s
detected from the touch electrode and 1s changed
according to a distance between the touch sensor and
the reference potential layer.

2. The touch input device of claim 1, wherein the reference
potential layer 1s disposed on a position where the reference
potential layer 1s not bent by the application of the touch
pressure.

3. The touch nput device of claim 2, wherein the position
where the reference potential layer 1s not bent 1s a position
where the reference potential layer 1s relatively less bent than
the touch sensor and the display panel.
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4. The touch 1mput device of claim 1, further comprising:

a driving signal supplier; and

a sensing umnit,

wherein the driving signal supplier applies a driving
signal to the touch electrode,

and wherein the sensing unit receives a signal including,
both mnformation on the first capacitance and infor-
mation on the second capacitance from the touch elec-
trode.

5. The touch input device of claim 1, further comprising:

a driving signal supplier; and

a sensing unit,

wherein the driving signal supplier applies a driving
signal to the touch electrode,

and wherein the sensing unit receives a signal including
information on the first capacitance from the touch
clectrode 1n a first time interval and receives a signal
including information on the second capacitance
from the touch electrode 1n a second time interval.

6. The touch input device of claim 1, further comprising:

a driving signal supplier; and

a sensing unit,

wherein the touch electrode comprises a driving elec-
trode and a receiving electrode,

wherein the driving signal supplier applies a driving
signal to the driving electrode,

and wherein the sensing unit receives a signal including
information on the first capacitance and information
on the second capacitance from the receiving elec-
trode.

7. The touch 1mput device of claim 1, further comprising:

a driving signal supplier; and

a sensing umnit,

wherein the touch electrode comprises a driving elec-
trode and a receiving electrode,

wherein the driving signal supplier applies a driving
signal to the driving electrode,

and wherein the sensing unit receives a signal including
information on the first capacitance from the recerv-
ing electrode 1n a first time interval and receives a
signal including information on the second capaci-
tance from the receiving electrode 1n a second time
interval.

8. The touch mput device of claim 1,

a driving signal supplier; and

a sensing umnit,

wherein the touch electrode comprises a first electrode,
a second electrode, and a third electrode which 1s
formed 1n the same layer as that in which the first
electrode 1s formed,

wherein the driving signal supplier applies a driving
signal to the first electrode,

wherein the sensing unit recerves a first signal including
information on the first capacitance from the second
clectrode and receives a second signal including
information on the second capacitance from the third
clectrode.

9. The touch input device of claim 8, wherein the sensing
unit recerves the first signal from the second electrode 1n a first
time 1nterval and receives the second signal from the third
clectrode 1n a second time 1nterval.

10. The touch input device of claim 8, wherein the sensing
unit recerves the first signal from the second electrode and the
second signal from the third electrode at the same time.
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11. A touch input device comprising:

a touch sensor comprising a plurality of touch electrodes;

a display panel; and

a reference potential layer,

wherein the touch sensor 1s disposed within the display
panel,

wherein, when a touch pressure 1s applied, the touch
sensor and the display panel are bent,

wherein the reference potential layer 1s disposed apart
from the touch sensor,

wherein a touch position 1s detected based on a first
capacitance which 1s detected from the touch elec-
trode and 1s changed by an approach of an objectto the
touch sensor,

and wheremn a magnitude of the touch pressure 1is
detected based on a second capacitance which 1s
detected from the touch electrode and 1s changed
according to a distance between the touch sensor and
the reference potential layer.

12. The touch mput device of claim 11, wherein the refer-
ence potential layer 1s disposed on a position where the ret-
erence potential layer 1s not bent by the application of the
touch pressure.

13. The touch input device of claim 12, wherein the posi-
tion where the reference potential layer 1s not bent 1s a posi-
tion where the reference potential layer 1s relatively less bent
than the touch sensor and the display panel.

14. The touch input device of claim 11, further comprising:

a driving signal supplier; and

a sensing unit,

wherein the driving signal supplier applies a driving
signal to the touch electrode,

and wherein the sensing unit recerves a signal including
both information on the first capacitance and infor-
mation on the second capacitance from the touch elec-
trode.

15. The touch input device of claim 11, further comprising:

a driving signal supplier; and

a sensing unit,

wherein the driving signal supplier applies a driving
signal to the touch electrode,

and wherein the sensing unit recerves a signal including
information on the first capacitance from the touch
clectrode 1n a first time interval and receives a signal
including information on the second capacitance
from the touch electrode 1n a second time 1nterval.

12
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16. The touch input device of claim 11, further comprising;:

a driving signal supplier; and

a sensing unit,

wherein the touch electrode comprises a driving elec-
trode and a receiving electrode,

wherein the driving signal supplier applies a dniving
signal to the driving electrode,

and wherein the sensing unit receives a signal including
information on the first capacitance and information
on the second capacitance from the receiving elec-
trode.

17. The touch input device of claim 11, further comprising:

a driving signal supplier; and

a sensing unit,

wherein the touch electrode comprises a driving elec-
trode and a receiving electrode,

wherein the driving signal supplier applies a dniving
signal to the driving electrode,

and wherein the sensing unit receives a signal including,
information on the first capacitance from the recerv-
ing electrode 1n a first time interval and receives a
signal including information on the second capaci-
tance from the receiving electrode 1n a second time
interval.

18. The touch input device of claim 11,

a driving signal supplier; and

a sensing unit,

wherein the touch electrode comprises a first electrode,
a second electrode, and a third electrode which 1s
formed 1n the same layer as that in which the first
electrode 1s formed,

wherein the driving signal supplier applies a dniving
signal to the first electrode,

wherein the sensing unit recerves a first signal including
information on the first capacitance from the second
clectrode and receives a second signal including
information on the second capacitance from the third
clectrode.

19. The touch input device of claim 18, wherein the sensing
unit recerves the first signal from the second electrode 1n a first
time 1nterval and receives the second signal from the third
clectrode 1n a second time 1nterval.

20. The touch mput device of claim 18, wherein the sensing,
unit receives the first signal from the second electrode and the
second signal from the third electrode at the same time.
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