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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2012-0048250 filed on May 7,
2012, which is hereby incorporated by reference as if fully set
forth herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a Liquid Crystal

Display (LCD) device, and more particularly, to an LCD
device having a built-in touch panel and a method of driving
the same.

[0004] 2. Discussion of the Related Art

[0005] LCD devices adjust the light transmittance of liquid
crystal with an electric field to display an image. To this end,
the LCD devices include a liquid crystal panel in which a
plurality of pixels are arranged in a matrix type, and a driver
for driving the liquid crystal panel.

[0006] Methods, which input a control signal into an elec-
tronic product with LCD devices mounted thereon, include a
method using a touch panel and a method using buttons.
Recently, the method using the touch panel is widely used.
[0007] LCD devices with a touch panel mounted thereon
are being applied to various electronic products such as navi-
gations, industrial terminals, tablet PCs, smart phones, finan-
cial automation equipments, game machines, etc. Also, the
LCD devices are being expanded in application because all
users can easily manipulate the LCD devices with touch
screen.

[0008] FIG. 1 is an exemplary diagram for describing a
related art method of driving a touch panel. FIG. 2 is an
exemplary diagram illustrating various types of LCD devices
with a touch panel. A touch panel shown in a portion (a) of
FIG. 2 is an on-cell type, a touch panel shown in a portion (b)
of FIG. 2 is an in-cell type, and a touch panel shown in a
portion (¢) of FIG. 2 is a hybrid in-cell type. In FIG. 2,
reference numeral 31 is a TFT substrate, reference numeral
32 is a color filter substrate, reference numeral 33 is a liquid
crystal layer, and reference numeral 34 is glass.

[0009] A touch panel 40 detects atouch generated by a user.
Touch panels may be categorized into a resistive type, a
capacitive type, etc. Hereinafter, however, a capacitive type
touch panel will be described.

[0010] A touch panel 40 includes a driving electrode 11 to
which a driving voltage is applied and a receiving electrode
21 receiving a sensing signal generated by a driving voltage.
A touch sensing unit 60 includes a driving voltage generator
61 applying a driving voltage to the driving electrode 11 and
a sensing signal receiver 62 determining whether there is a
touch by using a sensing signal received through the receiving
electrode 21.

[0011] A touch panel 40 may be formed in various types
depending on a disposed position.

[0012] First, as shown in a portion (a) of FIG. 2, the touch
panel 40 may be adhered to an upper end surface of a color
filter substrate 32, namely, the touch panel may be configured
in an on-cell type.

[0013] Second, as shown in a portion (b) of FIG. 2, two
electrodes 11 and 21 configuring a touch panel 40 may be
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formed on the same layer of a TFT substrate 31 configuring a
LCD device, namely, the touch panel 40 may be configured in
an in-cell type.

[0014] Third, as shown ina portion (¢) of FIG. 2, one of two
electrodes 11 and 21 configuring the touch panel 40 may be
formed in the TFT substrate 31 of the LCD device, and the
other may be formed in an upper end surface of a color filter
substrate 32, namely. the touch panel 40 may be configured in
a hybrid in-cell type. That is, the hybrid in-cell type touch
panel may be configured by a combination of the on-cell type
and the in-cell type. One of two electrodes 11 and 21 config-
uring the hybrid in-cell type touch panel may be used as a
common electrode.

[0015] FIG. 3 is various waveform diagrams illustrating an
image display period and a touch sensing period in a related
art LCD device.

[0016] A portion (a) of FIG. 3 shows an image display
period in a normal LCD device with no touch panel. A wave-
form shown in the portion (a) of FIG. 3 may be a vertical sync
signal Vsync. Inthis case, one frame period includes an image
display period (display) for which an image is outputted and
a blank period for which an image is not outputted.

[0017] A portion (b) of FIG. 3 shows an image display
period and a touch sensing period in the LCD device (here-
inafter referred to as “hybrid in-cell type LCD device™) with
the hybrid in-cell type touch panel built therein. As shown in
the portion (b) of FIG. 3, in the hybrid in-cell type LCD
device, at least one of the two electrodes configuring the touch
panel is used as the common electrode, and thus, an image
output operation and a touch sensing operation cannot simul-
taneously be performed. Therefore, as shown in the portion
(b) of FIG. 3, one frame period includes an image display
period (display) and a touch sensing period (touch).

[0018] When a LCD device is driven at a frequency of 60
Hz, one frame period is set to a time of 16.7 ms. Therefore, as
resolution and a size of a liquid crystal panel increase, a
driving period for one channel becomes relatively shorter. In
this case, an image output function and a touch sensing func-
tion can be degraded in performance due to an insufficient
charging time.

[0019] That is, as shown in the portion (b) of FIG. 3, in the
hybrid in-cell type LCD device, it is required to divide the
image display period and the touch sensing period. Therefore,
as a size of the liquid crystal panel increases, the number of
channels increases, and thus, the image output function and
the touch sensing function can be degraded in performance.

SUMMARY

[0020] Accordingly, the present invention is directed to
provide an LCD device and a method of driving the same,
which substantially obviate one or more problems due to
limitations and disadvantages of the related art.

[0021] An aspect of the present invention is directed to
provide an LCD device and a method of driving the same,
which sequentially drive a plurality of driving electrodes for
sensing a touch at a certain time interval from a driving period
of a plurality of gate lines when the gate lines are being
sequentially driven.

[0022] Additional advantages and features of the invention
will be set forth in part in the description which follows and in
part will become apparent to those having ordinary skill in the
art upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages
of the invention may be realized and attained by the structure
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particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0023] To achieve these and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, there is provided an LCD device
including: aliquid crystal panel configured to comprise a TFT
substrate and a color filter substrate which are coupled to each
other with a liquid crystal layer therebetween; a touch panel
configured to comprise a plurality of driving electrodes
formed in parallel to a plurality of gate lines formed in the
liquid crystal panel and a plurality of receiving electrodes
formed on the driving electrodes with an insulation layer
therebetween, and detect a touch, at least one of a first group
consisting of the driving electrodes and a second group con-
sisting of the receiving electrodes being formed in the TFT
substrate or the color filter substrate; a common voltage gen-
erator configured to generate a common voltage; a touch
sensing unit configured to supply the common voltage to the
driving electrodes and sequentially supply a driving voltage
to scanned driving electrodes, corresponding to scanned gate
lines to which a scan signal has been inputted for one frame
period, to detect a touch; and a driving voltage generator
configured to generate the driving voltage.

[0024] To achieve these and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, there is provided a method of driv-
ing a LCD device including: supplying a common voltage to
driving electrodes formed in parallel to gate lines in a liquid
crystal panel; and sequentially supplying a driving voltage to
scanned driving electrodes of the plurality of driving elec-
trodes, corresponding to scanned gate lines to which a scan
signal has been inputted for one frame period, to detect a
touch while the common voltage is supplied to the driving
electrodes.

[0025] Itisto beunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiments of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0027] FIG. 1 is an exemplary diagram for describing a
related art method of driving a touch panel;

[0028] FIG. 2 is an exemplary diagram illustrating various
types of LCD devices with a touch panel,

[0029] FIG. 3 is various waveform diagrams illustrating an
image display period and a touch sensing period in a related
art LCD device;

[0030] FIG. 4 is an exemplary diagram illustrating a con-
figuration of an LCD device according to an embodiment of
the present invention;

[0031] FIG.5is anexemplary diagram schematically illus-
trating a sectional surface of a liquid crystal panel of the LCD
device according to the embodiment of the present invention;
[0032] FIG. 6is an exemplary diagram schematically illus-
trating configurations of a touch panel and a touch sensing
unit applied to the LCD device according to an embodiment
of the present invention;
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[0033] FIG. 7 is an exemplary diagram illustrating a con-
figuration of the touch sensing unit applied to the LCD device
according to an embodiment of the present invention; and
[0034] FIG. 8 is an exemplary diagram illustrating wave-
forms of various signals generated in the LCD device accord-
ing to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0036] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings.

[0037] FIG. 4 is an exemplary diagram illustrating a con-
figuration of an LCD device according to an embodiment of
the present invention, FIG. 5 is an exemplary diagram sche-
matically illustrating a sectional surface of a liquid crystal
panel of the LCD device according to the embodiment of the
present invention, and FIG. 6 is an exemplary diagram sche-
matically illustrating configurations of a touch panel and a
touch sensing unit 600 applied to the LCD device according
to an embodiment of the present invention.

[0038] The present invention relates to a hybrid in-cell type
LCD device. The present invention sequentially drives a plu-
rality of gate lines for displaying an image and a plurality of
driving electrodes for sensing a touch at certain time intervals
in a state where the driven gate lines and the driven driving
electrodes are spatially separated from each other. That is, in
the present invention, the driving of the driving electrodes for
sensing a touch does not affect the driving of the gate lines for
displaying an image.

[0039] To this end, as shown in FIGS. 4 and 5, the LCD
device according to the present invention includes a liquid
crystal panel 100 with a hybrid in-cell type touch panel built
therein, a gate driver 200 applying a scan signal to the gate
lines formed in the liquid crystal panel 100, a data driver 300
applying data voltages to a plurality of data lines formed in
the liquid crystal panel 100, a timing controller 400 control-
ling the data driver 300 and the gate driver 200, a common
voltage generator 700 applying a common voltage to a driving
electrode, a driving voltage generator 800 applying a driving
voltage to the driving electrode, and a touch sensing unit 600
applying the driving voltage to the driving electrode of the
touch panel and processing a sensing signal received from a
receiving electrode of the touch panel to determine whether
there is a touch.

[0040] First, as shown in FIG. 5, the liquid crystal panel 100
includes a TFT substrate 110 in which a plurality of pixels are
respectively formed in a plurality of areas defined by the
intersections of the gate lines and the data lines, a color filter
substrate 110 in which a color filter is formed, a driving
electrode (TX electrode) 111 formed in the TFT substrate 110
or the color filter substrate 120, a receiving electrode (RX
electrode) 121 formed in the other surface disposed on the
reverse of one surface facing the TFT substrate 110 in the
color filter substrate 120, and a cover glass 130 covering the
receiving electrode 121.

[0041] Thetouch panel applied to the present inventionis a
capacitive type touch panel, and particularly, is the hybrid
in-cell type touch panel among the on-cell type touch panel,
the in-cell type touch panel, and the hybrid in-cell type touch
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panel described above in the background. As shown in FIGS.
5 and 6, the hybrid in-cell type touch panel applied to the
present invention includes a plurality of the driving electrodes
111 (T1 to Tk), which are formed in the TFT substrate 110 or
the color filter substrate 120 and are parallel to the gate lines,
and a plurality of the receiving electrodes 121 (R1 to Rs),
which are formed at an upper end surface of the color filter
substrate 120 and are disposed with an insulation layer dis-
posed between the driving electrodes and the receiving elec-
trodes.

[0042] One of a first group consisting of the driving elec-
trodes T1 to Tk and a second group consisting of the receiving
electrodes R1 to Rs may be disposed in the TF'T substrate 110
or the color filter substrate 120. However, in the touch panel
shown in FIGS. 5 and 6, the driving electrodes 111 corre-
sponding to the first group are formed in the TFT substrate
110 or the color filter substrate 120, and the receiving elec-
trodes 121 corresponding to the second group are formed in
an upper end surface of the color filter substrate 120.

[0043] That is, the touch panel applied to the present inven-
tion may be built in the liquid crystal panel in various types.
[0044] First, the first group of the touch panel may be
formed in the TFT substrate 110. Also, the second group of
the touch panel may be formed at a second surface disposed
on the reverse of a first surface bonded to the TFT substrate
110, in the color filter substrate 120.

[0045] Second, the first group of the touch panel may be
formed at a first surface bonded to the TFT substrate 110, in
the color filter substrate 120, and the second group of the
touch panel may be formed at a second surface disposed on
the reverse of a first surface, in the color filter substrate 120.
[0046] The first and second groups may be formed in vari-
ous types to be separated from each other with an insulation
layer therebetween, in the TFT substrate 110 and the color
filter substrate 120. In this case, the driving electrodes 111
configuring the first group are used as the common electrodes
applying the common voltage to the liquid crystal panel. A
voltage having a certain value may be applied to the receiving
electrodes 121 configuring the second group.

[0047] Next, the timing controller 400 receives a timing
signal, such as the data enable signal DE, the dot clock
DCLK, or the like, from an external system to generate the
control signals GCS and DCS for controlling an operation
timing of the data driver 300 and the gate driver 200. More-
over, the timing controller aligns input video data transferred
from the external system to supply aligned video data to the
data driver 300.

[0048] Moreover, in addition to controlling the data driver
300 and the gate driver 200, the timing controller 400 may
generate control signals for controlling an input/output opera-
tion timing of the touch sensing unit 600 to control the touch
sensing unit 600.

[0049] Next, the data driver 300 converts the video data
received from the timing controller 400 into analog data volt-
ages, and respectively supplies the data voltages for one hori-
zontal line to the data lines at every one horizontal period
where the scan signal is supplied to one gate line. That is, the
data driver 300 converts the video data into the data voltages
by using gamma voltages supplied from a gamma voltage
generator (not shown), and respectively outputs the data volt-
ages to the data lines.

[0050] That is, the data driver 300 shifts a source start pulse
SSP supplied from the timing controller 400 to generate a
sampling signal according to a source shift clock SSC. Fur-
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thermore, the data driver 300 latches the video data RGB,
which are inputted according to the source shift clock SSC,
according to the sampling signal to convert the video data into
the data voltage, and then, supplies the data voltage to the data
lines in units of'a horizontal line in response to a source output
enable signal SOE.

[0051] To this end, the data driver 300 may include a data
sampler, a latch, a digital-to-analog converter, and an output
buffer.

[0052] Next, the gate driver 200 shifts a gate start pulse
GSP transferred from the timing controller 400 to sequen-
tially supply a scan signal having a gate-on voltage Von to the
gate lines GL1 to GLn according to a gate shift clock GSC.
Furthermore, the gate driver 200 supplies a gate-off voltage
Voff to the gate lines GL1 to GLn for a period where a scan
signal having the gate-on voltage Von is not supplied to the
gate lines GL1 to GLn.

[0053] Here, the gate driver 200 applied to the present
invention may be manufactured independently from the panel
and electrically connected to the panel in various types, but
the present invention is not limited thereto. As another
example, the gate driver 200 may be provided in the Gate In
Panel (GIP) type where the gate driver 200 is mounted into the
liquid crystal panel. In this case, the gate control signals
controlling the gate driver 200 may be a start signal VST and
a gate clock GCLK.

[0054] Next, the common voltage generator 700 generates
the common voltage supplied to the driving electrodes 111, so
as to output an image. The common voltage generated from
the common voltage generator 700 is supplied to the driving
electrodes 111 through the touch sensing unit 600.

[0055] Next, the driving voltage generator 800 generates
the driving voltage supplied to the driving electrodes 111, so
as to detect a touch. The driving voltage generated from the
driving voltage generator 800 is supplied to the driving elec-
trodes 111 through the touch sensing unit 600. The common
voltage generator 700 and the driving voltage generator 800
may be integrated into a voltage generating unit. Moreover,
the values of the common voltage and the driving voltage may
differ, and particularly, the driving voltage for detecting a
touch may be greater than the common voltage for displaying
an image. In this case, the driving voltage may have a voltage,
corresponding to the common voltage, as a low level voltage,
and have a voltage greater than the common voltage; as a high
level voltage.

[0056] Finally, the touch sensing unit 600 as described
above detects a user’s touch by using the sensing signals
(voltage values) received from the receiving electrodes R1 to
Rs of the touch panel. That is, when a driving voltage for
detecting a touch is applied to the driving electrodes T1 to Tk
of the touch panel, by the user touching a specific area of the
liquid crystal panel 100 with a finger or a pen, capacitances
between the driving electrodes T1 to Tk and the receiving
electrodes R1 to Rs are changed, and the capacitance changes
effect the changes in voltage values (sensing signals) applied
to the touch sensing unit 600 through the receiving electrodes.
[0057] The receiving electrodes are is connected to the
touch sensing unit 600, and the touch sensing unit 600 deter-
mines whether there is a touch, by using the changed voltage
values (sensing signals).

[0058] Theabove-described touch sensing unit 600 may be
configured to detect only a touch, and in this case, a sensing
signal, which is received through the touch sensing unit 600
when a touch is being detected, may be processed in a sepa-
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rate touched position detecting unit (not shown) or the timing
controller 400, thereby detecting a touched position. How-
ever, the above-described touch sensing unit 600 may be
configured to determine whether there is a touch and directly
detect a touched position.

[0059] The present invention sequentially drives the gate
lines for displaying an image and the driving electrodes for
sensing a touch at certain time intervals. That is, the present
invention drives the driving electrodes, to which the common
voltage Vcom for displaying an image and the driving voltage
Vd for detecting a touch are supplied, and the gate lines at a
certain time interval.

[0060] Hereinafter, the internal configuration and function
of the touch sensing unit 600 for performing the above-de-
scribed function will be described in detail with reference to
FIGS. 7 and 8.

[0061] FIG. 7 is an exemplary diagram illustrating a con-
figuration of the touch sensing unit applied to the LCD device
according to the embodiment of the present invention, and
FIG. 8 is an exemplary diagram illustrating waveforms of
various signals generated in the LCD device according to the
embodiment of the present invention.

[0062] The touch sensing unit 600 applied to the present
invention supplies the common voltage to the driving elec-
trodes 111. Also, the touch sensing unit 600 sequentially
supplies the driving voltage to the driving electrodes corre-
sponding to the gate lines, to which the scan signals are
inputted for one frame period, among the driving electrodes,
and thus, performs a function of determining whether there is
atouch.

[0063] Before describing the configuration of the touch
sensing unit 600, terms to be described below will be first
defined.

[0064] First, a scan input gate line denotes a gate line to
which the scan signal is being inputted, namely, one gate line
to which the scan signal is being inputted, among the gate
lines. That is, a plurality of gate lines parallel to a horizontal
line of the liquid crystal panel are formed in the liquid crystal
panel, and scan signals are sequentially inputted to the gate
lines for one frame period.

[0065] Second, a scan input driving electrode denotes a
driving electrode formed in a position corresponding to the
scan input gate line. One driving electrode may be formed in
the liquid crystal panel in one-to-one correspondence rela-
tionship with one gate line. However, generally, the driving
electrode 111 covers a plurality of gate lines. Also, among the
driving electrodes, the driving electrode corresponding to a
gate line, to which a scan signal is being inputted, is referred
to as “scan input driving electrode”. Therefore, the common
voltage may be continuously inputted to the scan input driv-
ing electrode when the scan signal is being sequentially input-
ted to the gate lines corresponding to the scan input driving
electrode.

[0066] Third, a scan input switch denotes a switch con-
nected to the scan input driving electrode corresponding to
the scan input gate line, namely, one switch which is con-
nected to the scan input driving electrode, among a plurality
of switches. That is, in order for the common voltage to be
inputted to the scan input driving electrode, the scan input
driving electrode needs to be connected to the common volt-
age generator 700 through the scan input switch.

[0067] Fourth, a scanned gate line denotes a gate line to
which the scan signal has been already inputted. The scan
signal is outputted through the gate line for one horizontal
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period 1H in one frame period. Therefore, one gate line is
referred to as “scan input gate line” for one horizontal period
where the scan signal is outputted to the gate line, and is
referred to as “scanned gate line” for a period where the scan
signal is not outputted to the gate line after the one horizontal
period 1H. After one frame, if the scan signal is againinputted
to the scanned gate line, the scanned gate line is again referred
to as “scan input gate line”.

[0068] Fifth, a scanned driving electrode denotes a driving
electrode corresponding to the scanned gate line. That is, if
the scan signal is not inputted to the gate line corresponding to
the scan input driving electrode any more, the scan input
driving electrode is referred to as “scanned driving elec-
trode”. After one frame, if the scan signal is again inputted to
the gate line corresponding to the scanned driving electrode,
the scanned driving electrode is again referred to as “scan
input driving electrode”.

[0069] Sixth, a scanned switch denotes a switch connected
to the scanned driving electrode. That is, one switch may
become the scan input switch or the scanned switch based on
the above-described principle.

[0070] As shown in FIG. 6, the touch sensing unit 600
applied to the present invention includes a switching unit 610
that performs a common voltage transferring operation of
connecting the driving electrodes to the common voltage
generator 700 and performs a driving voltage transferring
operation where the scanned driving electrodes connected to
the common voltage generator 700 through the common volt-
age transferring operation are sequentially connected to the
driving voltage generator 800, a touch sync signal generator
630 that generates a touch sync signal for controlling an
operation of the switching unit 610, and a sensing signal
receiver 620 that determines whether there is a touch by using
the sensing signal received from the receiving electrode.
[0071] First, as shownin FIG. 7, the switching unit 610 may
include a plurality of switches 613 for connecting the driving
electrodes T1to Tk 111 to the common voltage generator 700
or the driving voltage generator 800.

[0072] In FIG. 7, the switching unit 610 is illustrated as
being connected to only the driving electrodes T1 to Tk 111,
but the switching unit 610 may further include a plurality of
switches connected to the receiving electrodes R1 to Rs 121.
In this case, the switches respectively connected to the receiv-
ing electrodes R1 to Rs 121 connect the common voltage
generator 700 to the receiving electrodes according to control
by the touch sync signal generator 630.

[0073] Next, the sensing signal receiver 620 receives a
sensing signal, generated with a driving voltage applied to the
driving electrode 111, through the switching unit 610 from
the receiving electrode 121, and determines whether there is
a touch in the touch panel. Here, the determining may mean
that the sensing signal receiver 620 determines whether a
touch is made or not, or mean that the sensing signal receiver
620 determines whether a touch is made or not and directly
determines a touched position.

[0074] Finally, the touch sync signal generator 630 gener-
ates a touch sync signal for controlling an operation of the
switching unit 610.

[0075] The touch sync signal generator 630 transfers a sec-
ond touch sync signal, which allows the scanned driving
electrodes to be connected to the driving voltage generator
800, to the scanned switch connected to the scanned driving
electrode, and then, the scanned driving electrode is con-
nected to the driving voltage generator 800 by the second
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touch sync signal. Moreover, as the scanned gate line is
sequentially changed, the touch sync signal generator 630
sequentially transfers the second touch sync signal to the
scanned switches connected to the scanned driving electrode
corresponding to the changed scanned gate line. That is, the
touch sync signal generator 630 sequentially transfers the
second sync signal to the scanned switches connected to the
scanned driving electrodes intended to receive the driving
voltage.

[0076] Also, the touch sync signal generator 630 transfers a
first touch sync signal, which allows the driving electrodes
(connected to the switches to which the second touch sync
signal is not inputted) to be connected to the common voltage
generator 700, to the switches to which the second touch sync
signal is not inputted, and then the driving electrodes, con-
nected to the switches to which the second touch sync signal
is not inputted, are connected to the common voltage genera-
tor 700 by the first sync signal. The scan input driving elec-
trode and the scanned driving electrode may be included in
the driving electrodes connected to the common voltage gen-
erator 700 by the first touch sync signal, and the driving
electrodes, to which the scan signal is not yet inputted for one
frame period, may also be included in the driving electrodes
connected to the common voltage generator 700 by the first
touch sync signal. That is, the first touch sync signal is trans-
ferred to the switches connected to the driving electrodes
other than the driving electrodes connected to the driving
voltage generator 800 for detecting a touch, among the every
driving electrode.

[0077] Hereinafter, a method of driving the LCD device
including the above-described elements will be described
with reference to FIG. 8. As described above, each of the
driving electrodes T1 to Tk may be formed to correspond to at
least one gate line. In FIG. 8, particularly, one driving elec-
trode is formed in the liquid crystal panel to correspond to
three gate lines, and thus, the panel illustrated in FIG. 8§ will be
described below as an example of the present invention. That
1s, as shown in FIGS. 6 and 8, first to kth driving electrodes T1
to Tk are formed in the liquid crystal panel or the touch panel,
the first driving electrode T1 is formed to correspond to first
to third gate lines GL1 to GL3, and the kth driving electrode
Tk is formed to correspond to n-2th to nth gate lines GLn-2 to
GLn.

[0078] A method of driving a LCD device according to the
present invention is divided into two steps.

[0079] In a first step, a common voltage is applied to the
driving electrodes 111, which are formed in the liquid crystal
panel 100 in parallel to the gate lines, for one frame period. In
a second step, driving voltages are sequentially applied to
scanned driving electrodes corresponding to scanned gate
lines among the driving electrodes to detect a touch while the
common voltage is applied to the driving electrodes through
the first step.

[0080] The first step is a step of applying a common volt-
age, and in the first step, as described above, a common
voltage is applied to all of the driving electrodes. That is, a
common voltage is continuously supplied to all of the driving
electrodes, and in the second step to be described below, a
driving voltage is applied to only a specific driving electrode
from which a touch is detected.

[0081] The second step is a step of detecting a touch, and is
subdivided into the following steps.

[0082] The step of detecting a touch denotes a step that
determines whether there is a touch by using a sensing signal
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received from the receiving electrodes formed on the driving
electrodes with an insulation layer therebetween, according
to a driving voltage applied from the driving electrodes.
[0083] First, in the step of detecting a touch, scan signals
are supplied to first to third gate lines for a first period, when
a common voltage Vecoml1 is being supplied to a first driving
electrode T1 corresponding to the first to third gate lines GL1
to GL3, and then, as shown ina portion (b) of FIG. 8, a driving
voltage Vd for detecting a touch is supplied to the first driving
electrode T1 (a first scanned driving electrode) corresponding
to the first to third gate lines for a second period. However, the
present invention is not limited thereto. Therefore, common
voltages are sequentially supplied to first to sixth gate lines,
and then, a driving voltage may be supplied to the first driving
electrode, or common voltages are sequentially supplied to
first to ninth gate lines, and then, a driving voltage may be
supplied to the first driving electrode.

[0084] Next, while scan signals are sequentially supplied to
first to nth gate lines, driving voltages are sequentially sup-
plied to scanned driving electrodes corresponding to the first
to nth gate lines.

[0085] That is, as shown in FIG. 8, while scan signals are
sequentially supplied to first to third gate lines GL1 to GL3
for the first period, the touch sensing unit 600 supplies the
common voltage Vcom to the first driving electrode T1 (a first
scan input driving electrode). Also, while scan signals are
sequentially supplied to fourth to sixth gate lines GL4 to GL6
for the second period, the touch sensing unit 600 supplies the
driving voltage Vd to the first driving electrode T1 (a first
scanned driving electrode).

[0086] Moreover, while scan signals are sequentially sup-
plied to seventh to ninth gate lines GL.7 to GL.9 not shown for
a third period, the touch sensing unit 600 supplies the driving
voltage Vd to the second driving electrode T2 (a second
scanned driving electrode).

[0087] Therefore, while scan signals are sequentially sup-
plied to n-2nd to nth gate lines GLn-2 to GLn for a kth period,
the touch sensing unit 600 supplies the driving voltage Vd to
a k-1th driving electrode Tk-1 (a k-1st scanned driving elec-
trode). Also, after a scan signal is supplied to a nth gate line
GLan, the touch sensing unit 600 supplies the driving voltage
Vd to a kth driving electrode (a kth scanned driving elec-
trode). Here, because the time when a scan signal is supplied
to the nth gate line GLn is a last time of a first frame, the
driving voltage supplied to the kth driving electrode corre-
sponding to the nth gate line may be supplied to the kth
driving electrode for a vertical blank period between the first
frame and a second frame. However, a period from the time
when the driving voltage is supplied to the first driving elec-
trode to the time when the driving voltage is supplied to the
kth driving electrode may be denoted as the first frame.
[0088] As described above, the gate lines, to which the scan
signals for displaying an image are supplied, and the scanned
driving electrodes, to which the driving voltage is supplied,
are sequentially driven, with a spatial distance between the
gate lines and the scanned driving electrodes being main-
tained.

[0089] Moreover, as shown in a portion (b) of FIG. 8, the
common voltage Vcom is supplied to the driving electrode for
every period except a period for which the driving voltage Vd
for detecting a touch is supplied to the driving electrode.
[0090] As described above, the present invention relates to
a hybrid in-cell type LCD device, and supplies a scan signal
for displaying an image and a driving voltage for detecting a



US 2013/0293498 A1l

touch to a panel at predetermined time intervals. That is, the
present invention maintains a constant timing when the scan
signal is inputted to the gate line or the common voltage is
inputted to the driving electrode, and maintains a constant
timing when the driving voltage is inputted to the driving
electrode, in which case the driving electrode receiving the
scan signal does not overlap the driving electrode receiving
the driving voltage.

[0091] According to the above-described present inven-
tion, when a liquid crystal panel having the same sectional
surface as that of a liquid crystal panel of a related art hybrid
in-cell type LCD device is used, it is possible to perform a
touch sensing function without time division.

[0092] Moreover, the present invention may be applied to
hybrid in-cell type LCD devices having various structures in
which the receiving electrode 121 does not affect an operation
of displaying an image.

[0093] According to the embodiment of the present inven-
tion, by sequentially driving the driving electrodes for sens-
ing a touch ata certain time interval from the driving period of
the gate lines when the gate lines are being sequentially
driven, the hybrid in-cell type touch panel can be driven
regardless of the resolution and size of the liquid crystal
panel.

[0094] That is, the present invention can drive the touch
panel and the liquid crystal panel without time division when
the hybrid in-cell type touch panel is used, save the additional
cost by removing a time-division scheme, and secure a suffi-
cient driving time by simultaneously performing the image
output function and the touch sensing function, thus enhanc-
ing the image output function and the touch sensing function.
[0095] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display (LCD) device comprising:

a liquid crystal panel configured to comprise a TFT sub-
strate and a color filter substrate which are coupled to
each other with a liquid crystal layer therebetween;

atouch panel configured to comprise a plurality of driving
electrodes formed in parallel to a plurality of gate lines
formed in the liquid crystal panel and a plurality of
receiving electrodes formed on the driving electrodes
with an insulation layer therebetween, and detect a
touch, at least one of a first group consisting of the
driving electrodes and a second group consisting of the
receiving electrodes being formed in the TFT substrate
or the color filter substrate;

acommon voltage generator configured to generate a com-
mon voltage;

a touch sensing unit configured to supply the common
voltage to the driving electrodes and sequentially supply
a driving voltage to scanned driving electrodes, corre-
sponding to scanned gate lines to which a scan signal has
been inputted for one frame period, to detect atouch; and

adriving voltage generator configured to generate the driv-
ing voltage.

2. The LCD device of claim 1, wherein,

the first group is formed in the TFT substrate, and the
second group is formed at a second surface disposed on
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the reverse of a first surface bonded to the TFT substrate,
in the color filter substrate, or

the first group of the touch panel is formed in a first surface
bonded to the TFT substrate, in the color filter substrate,
and the second group is formed in a second surface
disposed on the reverse of the first surface, in the color
filter substrate.

3. The LCD device of claim 1, wherein

the touch sensing unit comprises:

a switching unit configured to perform a common voltage
transferring operation that connects the driving elec-
trodes to the common voltage generator and perform a
driving voltage transferring operation where the
scanned driving electrodes connected to the common
voltage generator through the common voltage transfer-
ring operation are sequentially connected to the driving
voltage generator;

a touch sync signal generator configured to generate a
touch sync signal for controlling an operation of the
switching unit; and

a sensing signal receiver configured to determine whether
there is a touch by using the sensing signal received from
the receiving electrode.

4. The LCD device of claim 3, wherein the switching unit
comprises a plurality of switches configured to connect the
driving electrodes to the common voltage generator or the
driving voltage generator.

5. The LCD device of claim 4, wherein,

the touch sync signal generator sequentially transfers a
second touch sync signal, which allows the scanned
driving electrodes to be connected to the driving voltage
generator, to scanned switches connected to the scanned
driving electrodes corresponding to the scanned gate
lines, among the switches, and

the touch sync signal generator transfers a first touch sync
signal, which allows the driving electrodes connected to
the switches to be connected to the common voltage
generator, to the switches, the second touch sync signal
being not inputted to the switches.

6. A method of driving a liquid crystal display (LCD)

device comprising:

supplying a common voltage to driving electrodes formed
in parallel to gate lines in a liquid crystal panel; and

sequentially supplying a driving voltage to scanned driving
electrodes of the plurality of driving electrodes, corre-
sponding to scanned gate lines to which a scan signal has
been inputted for one frame period, to detect a touch
while the common voltage is supplied to the driving
electrodes.

7. The method of claim 6, wherein,

the driving voltage has a voltage, corresponding to the
common voltage, as a low level voltage, and has a volt-
age greater than the low level voltage as a high level
voltage.

8. The method of claim 7, wherein,

each of the driving electrodes is formed in the liquid crystal
panel in correspondence with at least two or more gate
lines, and

the common voltage is continuously supplied to the driving
electrode for every period except a period for which the
driving voltage is supplied 1o the driving electrode.

9. The method of claim 6, wherein the detecting of a touch

comprises determining whether there is a touch by using a
sensing signal received from the receiving electrodes formed
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on the driving electrodes with an insulation layer therebe-
tween, according to a driving voltage applied to the driving
electrodes.
10. The method of claim 7, wherein the detecting of a touch
comprises:
supplying a driving voltage to a driving electrode corre-
sponding to a first scanned gate line for one frame
period;
sequentially supplying a driving voltage to driving elec-
trodes corresponding to second to nth scanned gate lines
for the one frame period; and
detecting a touch by using receiving signals received from
the driving electrodes.

® 0% % % %
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