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LIQUID CRYSTAL DISPLAY INTEGRATED
WITH TOUCH SENSOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0118337
filed on Oct. 4, 2013, and entitled, “LIQUID CRYSTAL
DISPLAY INTEGRATED WITH TOUCH SENSOR,” is
incorporated by reference herein in its entirety.

BACKGROUND
[0002] 1.Field
[0003] Oneormore embodiments described hereinrelate to
a touch sensor.
[0004] 2. Description of the Related Art
[0005] A variety of flat panel displays have been developed

to replace cathode ray tubes. One example is a liquid crystal
display (LCD), which displays images using optical anisot-
ropy of liquid crystals. This type of display is used in note-
book computers and desktop monitors because it has excel-
lent resolution, color rendering capability, and picture quality.
In order to provide for convenient input of information and
commands, LCDs have been developed with touch screen
functions. However, the touch sensor and display in these
LCDs are individually produced. The touch sensor is then
attached to the display.

SUMMARY

[0006] Inaccordancewithone embodiment, aliquid crystal
display with a touch sensor includes a first substrate including
a plurality of pixels coupled to gate lines and data lines; a
second substrate opposing the first substrate; a plurality of
common electrodes corresponding to respective pixels; a plu-
rality of sensing electrodes on the second substrate; a touch
controller to supply a channel selection signal and a touch
control signal to a common electrode driver during a touch
driving period; and a common electrode driver to progres-
sively supply a touch driving signal to the common electrodes
based on the channel selection signal, the touch driving signal
having a same frequency as the touch control signal.

[0007] The touch controller may change the frequency of
the touch control signal. The touch controller may maintain
the frequency of the channel selection signal when the fre-
quency of the touch control signal is changed.

[0008] The display may include a data driver to output a
data signal to the data lines during a display period; and a gate
driver to output a gate-on signal to the gate lines during the
display period. The gate driver may output a gate-off signal to
the gate lines during the touch driving period. The display
period and touch driving period may alternately repeat. The
common electrode driver may supply a same common volt-
age to the common electrodes during the display period. The
gate driver may include a plurality of stages to receive first
and second clock signals.

[0009] The display may include a display controller to sup-
ply the first and second clock signals to the gate driver, in
synchronization with the channel selection signal, during the
touch driving period.

[0010] Each stage of the gate driver may include a first
transistor coupled between a first clock terminal and an out-
put terminal, the first transistor having a gate electrode
coupled to a first node; a second transistor coupled between a
first input terminal and the first node, the second transistor
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having a gate electrode coupled to the first input terminal; a
third transistor coupled between the first node and a voltage
terminal, the third transistor having a gate electrode coupled
to a second input terminal; a fourth transistor coupled
between the output terminal and the voltage terminal, the
fourth transistor having a gate electrode coupled to a second
clock terminal; a fifth transistor coupled between the output
terminal and the voltage terminal, the fifth transistor having a
gate electrode coupled to a second node; a sixth transistor
coupled between the second node and the voltage terminal,
the sixth transistor having a gate electrode coupled to the first
node; and a seventh transistor coupled between the first node
and the voltage terminal, the seventh transistor having a gate
electrode coupled to the second node.

[0011] Each stage of the gate driver may include a first
capacitor coupled between the first node and output terminal;
and a second capacitor coupled between the first clock termi-
nal and second node. The first and second clock signals may
respectively input to the first and second clock terminals of an
odd-numbered stage, and the second and first clock signals
may respectively input to the first and second clock terminals
of an even-numbered stage.

[0012] A scanstart signal or the gate-on signal of a previous
stage may be input to the first input terminal, and the gate-on
signal of a next stage may be input to the second input termi-
nal. A gate-off voltage may be applied to the voltage terminal.
The first and second clock signals may have opposite phases.
[0013] The common electrodes may be positioned on the
first or second substrate. Alignment of the liquid crystal layer
may be controlled by an electric field between pixel elec-
trodes and the common electrodes The common electrodes
and sensing electrodes may be positioned in directions inter-
secting each other. The display may include a back light
below the first substrate. A liquid crystal layer may be posi-
tioned between the first and second substrates.

[0014] In accordance with another embodiment, a control-
ler includes a touch controller to generate a channel selection
signal during a display period and a touch control signal
during a touch driving period; and a common electrode driver
to progressively supply the touch driving signal to a plurality
of common electrodes based on the channel selection signal,
the touch driving signal has a same frequency as the touch
control signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0016] FIG. 1 illustrates an embodiment of a liquid crystal
display with a touch sensor;

[0017] FIG. 2 illustrates an embodiment of a pixel;

[0018] FIG. 3 illustrating an example of a region of the
liquid crystal display;

[0019] FIG. 4 illustrates common and sensing electrodes
according to one embodiment;

[0020] FIG. 5 illustrates an embodiment of a gate driver;
[0021] FIG. 6 illustrates an embodiment of a stage in FIG.
5.

[0022] FIG. 7 illustrates operation of the display according
to one embodiment;

[0023] FIG. 8 illustrates an embodiment of a frequency
changing operation of touch control signals; and

[0024] FIG. 9 illustrates another embodiment of a fre-
quency changing operation of touch control signals.
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DETAILED DESCRIPTION

[0025] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0026] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0027] FIG. 1illustrates an embodiment of a liquid crystal
display (LCD) integrated with a touch sensor. Particularly, a
configuration for displaying an image of the LCD will be
mainly shown in FIG. 1. FIG. 2 illustrates an embodiment of
apixel in FIG. 1. FIG. 3 illustrates a sectional view ofa region
of the LCD according to one embodiment. FIG. 4 illustrates
common electrodes and sensing electrodes according to one
embodiment.

[0028] As shown in FIG. 1, the LCD includes a gate driver
3 to supply a gate signal to gate lines G1 to Gn arranged in a
first direction (e.g., a horizontal direction), and a data driver 4
to supply data signals to data lines D1 to Dm arranged in a
second direction (e.g., a vertical direction) intersecting the
first direction. A plurality of pixels P are coupled to gate lines
(1 to Gnand datalines D1 to Dm. A common electrode driver
5 controls a common electrode 70. A display controller 6
controls gate driver 3 and data driver 4. A touch controller 8
controls common electrode driver 5.

[0029] The LCD is a display which generates an image
using optical anisotropy and polarization properties of liquid
crystals. The liquid crystals have optical anisotropy in which
the molecular structure of the liquid crystals is thin and long
and the alignment of the liquid crystals has directivity. The
polarization properties of the molecular arrangement of the
liquid crystals have a direction changed depending on the size
of the liquid crystals, when the liquid crystals are placed in an
electric field.

[0030] Accordingly, the LCD includes a liquid crystal
panel configured by joining first and second substrates with
pixel electrodes, a common electrode, and a liquid crystal
layer interposed therebetween. In the LCD, a predetermined
electric field is formed by respectively applying a data signal
and a common voltage between the common electrode and
pixel electrode of each pixel selected by a gate signal. The
transmittance of light from a back light is controlled accord-
ing to the arrangement angle of the liquid crystals, changed by
the predetermined electric field, to thereby display an image.
[0031] To control alignment of the liquid crystal layer, the
LCD includes a twisted nematic (TN) mode, a vertical align-
ment (VA) mode, an in-plane switching (IPS) mode, a plane-
to-line switching (PLS) mode, etc. Among these modes, the
IPS or PLS mode is amethod in which pixel electrodes 50 and
a common electrode 70 are all disposed on a lower substrate
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(e.g., a first substrate 11). Thus, alignment of a liquid crystal
layer is controlled by an electric field between pixel elec-
trodes 50 and common electrode 70.

[0032] Although FIG. 2 illustrates that common electrode
70 is positioned on a second substrate 61, in other embodi-
ments applied common electrode 70 is positioned, together
with pixel electrodes 50, on first substrate 11 in the IPS or PLS
mode or another mode.

[0033] Referring to FIGS. 2 and 3, the LCD has a configu-
ration in which the first and second substrates 11 and 61 are
joined together while facing each other. In this case, the gate
lines G1 to Gn and data lines D1 to Dm vertically intersecting
each other are arranged on the lower first substrate 11. Tran-
sistors Tr are respectively provided at intersection points of
the gate lines G1 to Gn and data lines D1 to Dm, and are
coupled one-by-one to pixel electrodes 50 in pixels P.
[0034] This arrangement will be described in detail with
reference to F1G. 2. The pixel P coupled to an i-th gate line Gi
and a j-th data line Dj may include a transistor Tr coupled to
the i-th gate line Gi and the j-th data line Dj, a pixel electrode
50 coupled to the transistor Tr, a liquid crystal capacitor Clc
positioned between the pixel electrode 50 and common elec-
trode 70, and a storage capacitor Cst. In one embodiment, the
storage capacitor Cst may be omitted.

[0035] The transistor Tr, as shown in FIG. 3, may be con-
figured to include a gate electrode 15 coupled to a gate line,
source/drain electrodes 33 and 35, and a semiconductor layer
23 between the gate electrode 15 and source/drain electrodes
33 and 35. The semiconductor layer 23 may include an active
layer 23a and an ohmic contact layer 235.

[0036] A gate insulating layer 20 is formed on gate elec-
trode 15. A protective layer 40 is formed on source/drain
electrodes 33 and 35. The protective layer 40 may have a
contact hole 43 through which drain electrode 35 is exposed.

[0037] A pixel electrode is formed on protective layer 40.
The pixel electrode 50 may be coupled to the drain electrode
35 through contact hole 43. The transistor Tr is not limited to
the structure shown in FIG. 3, and may have a different
structure in other embodiments.

[0038] The liquid crystal capacitor Clc uses pixel electrode
50 and common electrode 70 of second substrate 61 as two
terminals. A liquid crystal layer 90 between two electrodes 50
and 70 may serve as a dielectric.

[0039] A lattice-shaped black matrix 63 may be formed on
a rear surface of second substrate 61. The black matrix 63
surrounds the area of each pixel P to cover a non-display area,
including gate lines G1 to Gn, data lines D1 to Dm, the
transistors Tr, etc. Color filter patterns 66 arranged corre-
sponding to respective pixels P may exist inside black matrix
63, and a plurality of common electrodes 70 may exist
beneath the color filter patterns 66. In this case, color filter
patterns 66 may include red, green, and blue color filter pat-
terns R, G and B repetitively arranged in sequence. Here, an
overcoat layer may be formed between color filter pattern 66
and common electrode 70.

[0040] The position of black matrix 63 and the color filter
pattern 66 may be changed. Therefore, in a case where the
black matrix 63 and the color filter pattern 66 are formed at
another position, the common electrode 70 may be formed on
an inner surface of the second substrate 61. The common
electrode 70 may be formed of a transparent conductive mate-
rial or another conductive material such as an opaque metal.
For example, common electrode 70 may be formed of indium
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tin oxide (ITO), indium zinc oxide (IZO), graphene, carbon
nanotube, silver nanowires (AgNWSs), etc.

[0041] Although it has been illustrated in FIG. 2 that com-
mon electrode 70 is positioned on second substrate 61, com-
mon electrode 70 is not positioned on the second substrate 61
but may be positioned on first substrate 11. In this case,
common electrode 70 may be formed in the same layer as
pixel electrode 50, or may be formed in a different layer
according to the alignment of liquid crystal layer 90. A back
light 300 may be positioned below first substrate 11.

[0042] An image display operation of the LCD configured
as described above will now be described. First, if a gate-on
signal is applied to gate electrode 15 of transistor Tr in each
pixel P, the active layer 234 is activated. Accordingly, source
electrode 33 transfers a data signal from data line 30 coupled
thereto to drain electrode 35, spaced apart therefrom at a
predetermined interval, via lower active layer 23a.

[0043] In this case, drain electrode 35 is electrically
coupled to pixel electrode 50 through contact hole 43. Thus,
the voltage of the data signal is applied to pixel electrode 50.
The applied voltage may be stored in storage capacitor Cst in
each pixel P.

[0044] Accordingly, the arrangement of liquid crystal mol-
ecules between the pixel and common electrodes 50 and 70
are controlled based on a voltage corresponding to the differ-
ence between the voltage applied to pixel electrode 50 and the
voltage applied to common electrode 70, to thereby display a
predetermined image.

[0045] In some types of LCDs, the common electrode is
integrally formed on the entire lower surface of a second
substrate, so that the same voltage is applied to the common
electrode. On the other hand, in the LCD according to the
present embodiment, a plurality of common electrodes are
separately provided from one another. Accordingly, common
electrodes 70 can be used as touch sensing electrodes of a
mutual capacitive touch sensot.

[0046] Referring to FIG. 4, common electrode 70 is formed
long in a first direction (e.g., an X-axis direction), so that a
plurality of common electrodes are be arranged along a sec-
ond direction (e.g., a Y-axis direction) intersecting the first
direction. For example, common electrode 70 may be config-
ured to include first to n-th common electrodes X1 to Xn. For
example, a case where n common electrodes X1 to Xn exist
has been shown as an example in FIG. 4.

[0047] In this case, a sensing electrode 72 is positioned to
be spaced apart from common electrode 70. Accordingly,
sensing electrode 72 may operate together with the common
electrode, as a capacitive touch sensor.

[0048] To this end, sensing electrode 72 may be positioned
on second substrate 61 to intersect common electrode 70. For
example, sensing electrode 72 is formed long in the second
direction (e.g., the Y-axis direction), so that a plurality of
sensing electrodes are arranged along the first direction (e.g.,
the X-axis direction).

[0049] Through this arrangement of the common electrode
70 and sensing electrode 72, mutual capacitance between
common electrode 70 and sensing electrode 72 is formed at
intersection portions of common electrode 70 and sensing
electrode 72. Accordingly, each intersection portion at which
the mutual capacitance is formed may operate as a sensing
cell 100 which implements touch recognition. The sensing
electrode 72 may be formed, for example, of ITO, 17O,
graphene, carbon nanotube, AgNWs, etc.
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[0050] The display controller 6 may receive an image sig-
nal DAT input from an external source and an input control
signal for controlling the display of the image data signal
DAT. The display controller 6 may process the image data
signal DAT to satisfy operational conditions and then provide
the processed image signal to data driver 4.

[0051] The display controller 6 may provide a data control
signal DCS, together with the image signal DAT, to data
driver 4. For example, display controller 6 may receive input
control signals such as a vertical synchronization signal
Vsync, a horizontal synchronization signal Hsync, a main
clock signal Mclk and a data enable signal DE, which are
input from the outside of the LCD, and output the data control
signal DCS.

[0052] Forexample, data control signal DCS may include a
source start pulse SSP, a source shift clock signal SSC, a
source output enable signal SOE, a polarity control signal
POL, etc.

[0053] Accordingly, data driver 4 may receive the image
signal DAT and data control signal DCS from display con-
troller 6 and supply a data signal corresponding to the image
signal DAT to each of the data lines D1 to Dm. For example,
data driver 4 may supply the data signal to pixels P, in syn-
chronization with a gate-on signal Gon supplied during a
display period Pd.

[0054] Meanwhile, display controller 6 may provide gate
driver 3 with first and second clock signals CLK and CLKB
for controlling gate driver 3. The display controller 6 may
supply, to gate driver 3, a scan start signal STV together with
the clock signals CLK and CLKB. The gate driver 3 may
receive the clock signals CLK and CLKB and the scan start
signal STV from display controller 6, and supply a gate signal
to gate lines G1 to Gn.

[0055] The gate signal from gate driver 3 may include a
gate-on signal Gon to turn on transistor Tr in each pixel P and
a gate-off signal Goff to turn off transistor Tr. For example,
gate driver 3 may progressively supply the gate-on signal Gon
to gate lines G1 to Gn during the display period Pd.

[0056] Thus, if the gate-on signal Gon is progressively
supplied to gate lines G1 to Gn, pixels P are progressively
selected for each line, and the selected pixels P can receive the
data signal transferred from the data lines D1 to Dm.

[0057] In this case, the first clock signal CLK and the sec-
ond clock signal CLKB may have phases opposite to each
other. The gate driver 3 may output the gate-off signal Goff'to
the gate lines G1 to Gn during a touch driving period Pt. In this
case, the display period Pd and the touch driving period Pt
may be alternately repeated.

[0058] The common electrode driver 5 performs a function
of controlling the plurality of common electrodes 70. In this
case, the common electrode driver 5 may be driven corre-
sponding to a channel selection signal CSS supplied from
touch controller 8. For example, common electrode driver 5
may supply, to all common electrodes 70, a common voltage
Vcom at which each pixel P normally emits light during the
display period Pd.

[0059] Thecommon electrode driver 5 may supply, to com-
mon electrodes 70, a touch driving signal Td for touch sensing
during the touch driving period Pt. For example, the touch
controller 8 may supply channel selection signal CSS to the
common electrode driver 5 during the touch driving period Pt.
The common electrode driver 5 may progressively supply
touch driving signal Td to common electrodes 70 correspond-
ing to channel selection signal CSS. In one embodiment,
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common electrode driver 5 and touch controller 8§ may be
considered as a controller 1, as illustrated in FIG. 1.

[0060] Because the channel selection signal CSS is not
supplied indisplay period Pd, common electrode driver 5 may
apply the same common voltage Veom to all common elec-
trodes 70 during display period Pd.

[0061] The touch controller 8 may supply a touch control
signal TTC to the common electrode driver 5. Accordingly,
the common electrode driver 5 may supply, to the common
electrodes 70, touch driving signal Td having the same fre-
quency as the touch control signal TTC, with reference to the
touch control signal TTC.

[0062] The touch controller 8 may perform the function of
controlling the common electrode driver 5. To this end, touch
controller 8 may supply channel selection signal CSS and
touch control signal TTC to common electrode driver 5.
[0063] For example, the touch controller 8 may supply the
channel selection signal CSS to the common electrode driver
5 during the touch driving period Pt, to control the common
electrode driver 5 to provide the touch driving signal Td to the
common electrodes 70.

[0064] The touch controller 8 may change the frequency of
the touch control signal TTC in order to ensure stable touch
sensing performance according to a change in peripheral
environment. Accordingly, the frequency of the touch driving
signal Td supplied by the common electrode driver 5 is also
changed.

[0065] However, the touch controller § does not change the
frequency of the channel selection signal CSS, but may main-
tain the frequency of the channel selection signal CSS even
when the frequency of the touch control signal TTC is
changed.

[0066] The touch controller 8§ may detect a touch position
based on a signal output from the sensing electrode 72. The
touch controller 8 may also supply the channel selection
signal CSS to the display controller 6.

[0067] The display controller 6 and the touch control unit 8
independently exist, or the display controller 6 and the touch
controller 8 may be integrated as one component.

[0068] The display controller 6 may supply the first and
second clock signals CLK and CLKB to gate driver 3, in
synchronization with the channel selection signal CSS.
Therefore, the frequencies of the first and second clock sig-
nals CLK and CLKB during the touch driving period Pt in
which the channel selection signal CSS is supplied may be
different from those in the display period Pd. For example, in
a case where the first and second clock signals CLK and
CLKB have afirst frequency in the display period Pd, the first
and second clock signals CLK and CLKB may have a second
frequency different from the first frequency in the touch driv-
ing period Pt.

[0069] FIG.S5illustrates an embodiment of the gate driver 3
shown in FIG. 1. Referring to FIG. 5, gate driver 3 includes a
plurality of stages ST1 to STn+1 which receive the first clock
signal CLK, the second clock signal CLKB and the gate-off
voltage Voff. For example, the number of gate lines is n, the
stages may be configured with n stages ST1 to STn corre-
sponding to the respective gate lines and one dummy stage
STn+1.

[0070] Each of the stages ST1 to STn+1 includes a first
clock terminal CK1, a second clock terminal CK2, a voltage
terminal V, a first input terminal IN1, a second input terminal
IN2 and an output terminal OUT. The output terminals OUT
of the n stages ST1 to STn may be respectively coupled to the
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corresponding gate lines G1 to Gn. The output OUT of the
dummy stage STn+1 may be coupled to the second input
terminal IN2 of the previous stage STn.

[0071] The clock signals CLK and CLKB supplied from
display controller 6 may be respectively input to clock termi-
nals CK1 and CK2 of each stage ST1 to STn+1. For example,
the first clock signal CLK may be input to the first clock
terminal CK1 of an odd-numbered stage ST1, ST3, ..., and
the second clock signal CLKB may be input to the second
clock terminal CK2 of the odd-numbered stage ST1, ST3, ..

[0072] Inaddition, second clock signal CLKB may be input
to the first clock terminal CK1 of an even-numbered stage
ST2,ST4, ..., and the first clock signal CLK may be input to
the second clock terminal CK2 of the even-numbered stage
ST2,ST4, . ...

[0073] Thegate-off voltage Voff may be input to the voltage
terminal V of each of the stages ST1 to STn+1. The gate-off
voltage Voff is a voltage at which the transistor Tr included in
each pixel P canbe turned off. In this case, the gate-off voltage
Voff may be set to a voltage of the gate-off signal Goff.
[0074] The scan start signal STV may be input to the first
input terminal IN1 of the first stage ST1. The gate-on signal
Gon of the previous stage may be input to the first input
terminal IN1 of each of the other stages ST2 to STn+1. The
gate-on signal Gon of the next stage may be input to the
second input terminal IN2 of each of the n stages ST1 to STn.
The scan start signal STV or a separate control signal may be
input to the second input terminal IN2 of the dummy stage
STn+l.

[0075] FIG. 6illustrates an embodiment of the stage shown
in FIG. 5. Referring to FIG. 6, each of the stages ST1 to
STn+1 may include first to seventh transistor M1 to M7 and
capacitors C1 and C2.

[0076] The first transistor M1 is coupled between the first
clock terminal CK1 and the output terminal OUT. A gate
electrode of the first transistor M1 is coupled to a first node
N1.

[0077] The second transistor M2 is coupled between the
first input terminal IN1 and the first node N1. A gate electrode
of the second transistor M2 is coupled to the first input ter-
minal INT.

[0078] The third transistor M3 is coupled between the first
node N1 and the voltage terminal V. A gate electrode of the
third transistor M3 is coupled to the second input terminal
IN2.

[0079] The fourth transistor M4 is coupled between the
output terminal OUT and the voltage terminal V. A gate
electrode of the fourth transistor M4 is coupled to the second
clock terminal CK2.

[0080] The fifth transistor M5 is coupled between the out-
put terminal OUT and the voltage terminal V. A gate electrode
of the fifth transistor M5 is coupled to a second node N2.
[0081] The sixth transistor M6 is coupled between the sec-
ond node N2 and the voltage terminal V. A gate electrode of
the sixth transistor M6 is coupled to the first node N1.
[0082] The seventh transistor M7 is coupled between the
first node N1 and the voltage terminal V. A gate electrode of
the seventh transistor M7 is coupled to the second node N2.
[0083] The first capacitor C1 is coupled between the first
node N1 and the output terminal OUT.

[0084] Thesecond capacitor C2 is coupled between the first
clock terminal CK1 and the second node N2.
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[0085] FIG. 7 is a waveform diagram illustrating operation
of the LCD according to one embodiment. Particularly, a case
where the common electrode 70 is configured with first to n-th
common electrodes X1 to Xn is shown in FIG. 7.

[0086] Referring to FIG. 7, the LCD may be operated in a
period divided into a display period Pd and a touch driving
period Pt. The display period Pd and touch driving period Pt
may be alternately repeated. The display period Pd refersto a
period in which a predetermined image is displayed accord-
ing to a data signal Vdata supplied to pixels P.

[0087] The voltage of the common electrode 70 is main-
tained constant so that the image is normally displayed.
Therefore, the common voltage Vcom with the same level
may be supplied to all the common electrodes 70.

[0088] To this end, the common electrode driver 5 may
supply the common voltage Vcom with the same amplitude to
each common electrode 70 during the display period Pd. The
gate driver 3 may progressively supply the gate-on signal Gon
to the gate lines G1 to Gn during the display period Pd.

[0089] To thisend, display controller 6 may supply the scan
start signal STV to the gate driver 3 in an early stage of the
display period Pd. The display controller 6 may supply the
first and second clock signals CLK and CLKB having a first
frequency to the gate driver 3 during the display period Pd.
The channel selection signal CSS may not be supplied during
the display period Pd.

[0090] The touch driving period Pt refers to a period in
which the LCD is driven as a capacitive touch sensor for the
purpose of touch recognition. The common electrode 70 may
be used, together with the sensing electrode 72, as a touch
sensing electrode during the touch driving period Pt.

[0091] The gate driver 3 may maintain the output of the
gate-off signal Goff during the touch driving period Pt. Thus,
the gate lines G1 to Gn can maintain the gate-off voltage Voff
during the touch driving period Pt.

[0092] In order to implement touch recognition during the
touch driving period Pt, the touch driving signal Td may be
progressively supplied to the plurality of common electrodes
70. For example, in a case where the common electrode 70 is
configured with the first to n-th common electrodes X1 to Xn,
the touch driving signal Td may be progressively supplied
from the first common electrode X1 to the n-th common
electrode Xn.

[0093] The touch driving signal Td, as shown in FIG. 7,
may be configured with a plurality of driving pulses Tp. In
this case, the common electrode driver 5, during the touch
driving period Pt, may supply the touch driving signal Td to
the common electrode 70, corresponding to the channel selec-
tion signal supplied from the touch controller 8.

[0094] For example, the common electrode driver 5 may
supply the touch driving signal Td to the first common elec-
trode X1, corresponding to a first channel selection signal
CSS. The common electrode driver 5 may supply the touch
driving signal Td to the n-th common electrode Xn, corre-
sponding to an n-th channel selection signal CSS.

[0095] During the touch driving period Pt, the display con-
troller 6 may supply the first and second clock signals CLK
and CLKB to the gate driver 3, in synchronization with the
channel selection signal CSS. For example, the first and sec-
ond clock signals CLK and CLKB, during the touch driving
period Pt, may have a second frequency lower than the first
frequency in the display period Pd. Accordingly, the fre-
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quency of the clock signals CLK and CLKB may be lowered
during touch driving period Pt, to reduce power consumption
of the LCD.
[0096] FIGS. 8 and 9 are waveform diagrams illustrating
frequency changing operations of touch control signals
according to embodiments. FIG. 8 illustrates a touch control
signal TTC having a frequency A, and FIG. 9 illustrates a
touch control signal TTC having a frequency B higher than
the frequency A.
[0097] In FIG. 8, touch control signal TTC has the fre-
quency A. Thus, the touch driving signal Td supplied from
common electrode driver 5 also has frequency A.
[0098] In FIG. 9, touch control signal TTC has frequency
B. Thus, the touch driving signal Td supplied from common
electrode driver 5 also has frequency B.
[0099] Although the frequency of the touch control signal
TTC is changed, the frequency of the channel selection signal
CCS may be maintained. For example, although the fre-
quency of touch control signal TTC is changed, the width W1
between the channel selection signals CCS may be main-
tained.
[0100] By way of summation and review, in order to pro-
vide for convenient input of information and commands,
LCDs have been developed with touch screen functions.
However, the touch sensor and display in these LCDs are
individually produced. The touch sensor is then attached to
the display. When the touch sensor is attached to the display,
an adhesive layer is required between the touch sensor and
display. Also, a process for forming the touch sensor is
required to be performed separately from the process of form-
ing the display. Therefore, processing time and costs are
increased.
[0101] In accordance with one or more of the aforemen-
tioned embodiments, an LCD is provided with an integrated
touch sensor. The touch sensor is driven by a touch driving
signal. The frequency of the touch driving signal may be
changed and power consumption may be reduced.
[0102] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, charactetistics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.
What is claimed is:
1. A liquid crystal display with a touch sensor, the display
comprising:
a first substrate including a plurality of pixels coupled to
gate lines and data lines;
a second substrate opposing the first substrate;
a plurality of common electrodes corresponding to respec-
tive pixels;
a plurality of sensing electrodes on the second substrate;
a touch controller to supply a channel selection signal and
a touch control signal to a common electrode driver
during a touch driving period; and
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acommon electrode driver to progressively supply a touch
driving signal to the common electrodes based on the
channel selection signal, the touch driving signal having
a same frequency as the touch control signal.

2. The display as claimed in claim 1, wherein the touch
controller is to change the frequency of the touch control
signal.

3. The display as claimed in claim 2, wherein the touch
controller is to maintain the frequency of the channel selec-
tion signal when the frequency of the touch control signal is
changed.

4. The display as claimed in claim 1, further comprising:

a data driver to output a data signal to the data lines during
a display period; and

a gate driver to output a gate-on signal to the gate lines
during the display period.

5. The display as claimed in claim 4, wherein the gate
driver is to output a gate-off signal to the gate lines during the
touch driving period.

6. The display as claimed in claim 4, wherein the display
period and touch driving period are alternately repeated.

7. The display as claimed in claim 4, wherein the common
electrode driver is to supply a same common voltage to the
common electrodes during the display period.

8. The display as claimed in claim 4, wherein the gate
driver includes a plurality of stages to receive first and second
clock signals.

9. The display as claimed in claim 1, further comprising:

a display controller to supply the first and second clock
signals to the gate driver, in synchronization with the
channel selection signal, during the touch driving
period.

10. The display as claimed in claim 8, wherein each stage

of the gate driver includes:

a first transistor coupled between a first clock terminal and
an output terminal, the first transistor having a gate elec-
trode coupled to a first node;

a second transistor coupled between a first input terminal
and the first node, the second transistor having a gate
electrode coupled to the first input terminal,

a third transistor coupled between the first node and a
voltage terminal, the third transistor having a gate elec-
trode coupled to a second input terminal;

afourth transistor coupled between the output terminal and
the voltage terminal, the fourth transistor having a gate
electrode coupled to a second clock terminal;

a fifth transistor coupled between the output terminal and
the voltage terminal, the fifth transistor having a gate
electrode coupled to a second node;
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a sixth transistor coupled between the second node and the
voltage terminal, the sixth transistor having a gate elec-
trode coupled to the first node; and

a seventh transistor coupled between the first node and the
voltage terminal, the seventh transistor having a gate
electrode coupled to the second node.

11. The display as claimed in claim 10, wherein each stage

of the gate driver further includes:

a first capacitor coupled between the first node and output
terminal; and

asecond capacitor coupled between the first clock terminal
and second node.

12. The display as claimed in claim 11, wherein:

the first and second clock signals are respectively input to
the first and second clock terminals of an odd-numbered
stage, and

the second and first clock signals are respectively input to
the first and second clock terminals of an even-num-
bered stage.

13. The display as claimed in claim 12, wherein:

a scan start signal or the gate-on signal of a previous stage
is input to the first input terminal, and

the gate-on signal of a next stage is input to the second input
terminal.

14. The display as claimed in claim 13, wherein a gate-off

voltage is applied to the voltage terminal.

15. The display as claimed in claim 8, wherein the first and

second clock signals have opposite phases.
16. The display as claimed in claim 1, wherein the common
electrodes are positioned on the first or second substrate.

17.The display as claimed in claim 1, wherein the common
electrodes and the sensing electrodes are positioned in direc-
tions intersecting each other.

18. The display as claimed in claim 1, further comprising:

a back light below the first substrate.

19. The display as claimed in claim 1, further comprising:

a liquid crystal layer positioned between the first and sec-
ond substrates, alignment of the liquid crystal layer
being controlled by an electric field between pixel elec-
trodes and the common electrodes.

20. A controller, comprising:

a touch controller to generate a channel selection signal
during a display period and a touch control signal during
a touch driving period; and

a common electrode driver to progressively supply the
touch driving signal to a plurality of common electrodes
based on the channel selection signal, the touch driving
signal having a same frequency as the touch control

signal.
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