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(7) ABSTRACT

A touch device is disposed on a substrate having a plurality of
gate lines. The touch device comprises a power line, a photo
sensor and a readout line. The photo sensor is electrically
coupled to the power line and two specific gate lines of the
gate lines, and generated a different output signal according
to irradiation with a different level. The readout line is elec-
trically coupled to the photo sensor for outputting the output
signal. The photo sensor comprises a readout switch and a
photosensitive switch. The readout switch is electrically
coupled to one of the two specific gate lines. The photosen-
sitive switch is electrically coupled to another of the two

Int. Cl. specific gate lines and the power line. Signals in another of the
G09G 3/36 (2006.01) two specific gate lines and the power line cooperate to deter-
GO6F 3/042 (2006.01) mine whether the photosensitive switch is in an off state.
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Adjusting a voltage different between a specific gate line

electrically coupled to a photosensitive switch of a photo

sensor, and a power line to keep the photosensitive switch
operating in a state with a certain current

Transmitting a signal to the readout driving unit

Determining whether the photo sensor is shaded by an objext

FIG. o
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TOUCH DEVICE, DISPLAY SUBSTRATE,
LIQUID CRYSTAL DISPLAY AND
OPERATION METHOD FOR PHOTO SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the prior Taiwanese Patent Application
No. 098128544, filed Aug. 25, 2009, the entire contents of
which are incorporated herein by reference.

BACKGROUND

[0002] 1. Field of the Invention

[0003] The present invention relates to the touch detecting
field, and more particularly to a display substrate, a flat dis-
play with touch function, a touch device and a corresponding
operation method for a photo sensor.

[0004] 2. Description of the Related Art

[0005] With the rapid development of the technology, since
flat display (such as, liquid crystal display) has many advan-
tages, such as high image quality, little size, light weight and
wide application-range, etc., it is widely applied into various
consumable electronic products, such as mobile phone, note-
book computer, desktop display and television, etc., and has
been gradually substitute conventional cathode ray tube
(CRT) display to be a main trend of the display.

[0006] Touch device is configured for providing a new
human-machine interface, and it is more intuitional in use and
more suitable for the human nature. If the touch device is
integrated with the flat display together, the flat display can
have a touch function, and it is a development trend of the flat
display. The conventional flat display with the touch function
generally employs photo sensors to detect whether having a
touch object (such as, finger or touch pen) to touch the touch
device and the corresponding location thereof. The flat dis-
play needs various signal-transmitting lines electrically
coupled to the photo sensors for transmitting various signals
to the photo sensors, such that the photo sensors can operate
normally. Therefore, the signal-transmitting lines occupy a
large space, thus the aperture ratio of the flat display is
reduced, the luminance of the flat display is decreased, and
the power consumption thereof is increased.

BRIEF SUMMARY

[0007] The present invention relates to a display substrate
with touch function, which has few signal-transmitting lines
and can reduce power consumption thereof.

[0008] The present invention also relates to a flat display
with touch function, which can efficiently reduce an amount
of signal-transmitting lines, and efficiently improve an aper-
ture ratio thereof.

[0009] The present invention further relates to a touch
device, which has few signal-transmitting lines and can
reduce power consumption thereof.

[0010] The present invention further relates to an operation
method for a photo sensor in a pixel, which can employ few
signal-transmitting lines to provide various driving signals
for controlling the photo sensor.

[0011] A display substrate with touch function in accor-
dance with an exemplary embodiment of the present inven-
tion comprises a plurality of gate lines and at least one touch
device. The gate lines and the touch device are both disposed
on a substrate. The touch device comprises at least one read-
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out line, at least one power line, a photo sensor and a readout
driving unit. The power line and the readout line are both
disposed on the substrate, and the readout line is intersected
with the gate lines. The photo sensor is disposed adjacent to a
location where a specific gate line of the gate lines and a
specific readout line intersect, and the photo sensor comprises
a readout switch and a photosensitive switch. The readout
switch comprises a first route terminal, a second route termi-
nal and a first control terminal. The second route terminal is
electrically coupled to the specific readout line, and the first
control terminal is electrically coupled to the specific gateline
to determine whether the first route terminal is electrically
communicated with the second route terminal. The photosen-
sitive switch comprises a third route terminal, a fourth route
terminal and a second control terminal. The fourth route
terminal is electrically coupled to the first route terminal of
the readout switch, and the second control terminal is electri-
cally coupled to one of the at least one power line to determine
whether the third route terminal is electrically communicated
with the fourth route terminal. When the photosensitive
switch cuts an electrically-communicating path between the
third route terminal and the fourth route terminal at the second
control terminal, a leakage current with different level is
generated between the third route terminal and the fourth
route terminal since the irradiation with different level. The
readout driving unit is electrically coupled to the specific
readout line to read out the leakage current of the photosen-
sitive switch. The third route terminal of the photosensitive
switch is electrically coupled to a predetermined gate line of
the gate lines except the specific gate line.

[0012] A flat display with touch function in accordance
with another exemplary embodiment of the present invention
comprises a substrate, a plurality of gate lines, a plurality of
data lines, a plurality of readout lines, a plurality of power
lines, a plurality of pixel transistors, a plurality of pixel elec-
trodes, a photo sensor and a readout driving unit. The gate
lines, the data lines, the readout lines and the power lines are
all disposed on the substrate, and the gate lines and the data
lines are intersected with each other to divide the flat display
into a plurality of pixel regions. The pixel transistors are
disposed in the pixel regions respectively, and each of the
pixel transistors is electrically coupled to a corresponding
gate line and a corresponding data line. The pixel electrodes
are disposed in the pixel regions respectively, and each of the
pixel electrodes is electrically coupled to a corresponding
pixel transistors. The photo sensor is disposed in one of the
pixel regions, and comprises a readout switch and a photo-
sensitive switch. The readout switch comprises a first route
terminal, a second route terminal and a first control terminal.
The second route terminal is electrically coupled to a specific
readout line of the readout lines, and a first control terminal is
electrically coupled to a specific gate line of the gate lines to
determine whether the first route terminal is electrically com-
municated with the second route terminal. The photosensitive
switch comprises a third route terminal, a fourth route termi-
nal and a second control terminal. The fourth route terminal is
electrically coupled to the first route terminal of the readout
switch, and the second control terminal is electrically coupled
to one of the power lines to determine whether the third route
terminal is electrically communicated with the fourth route
terminal. The photosensitive switch cuts an electrically-com-
municating path between the third route terminal and the
fourth route terminal at the second control terminal, and a
leakage current with different level is generated between the
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third route terminal and the fourth route terminal since the
irradiation with different level. The readout driving unit is
electrically coupled to the specific readout line to read out the
leakage current generated from the photosensitive switch.
The third route terminal of the photosensitive switch is elec-
trically coupled to a predetermined gate line of the gate lines
except the specific gate line.

[0013] In an exemplary embodiment of the present inven-
tion, the predetermined gate line is a next gate line adjacent to
the specific gate line.

[0014] In an exemplary embodiment of the present inven-
tion, the predetermined gate line is a previous gate line adja-
cent to the specific gate line.

[0015] In an exemplary embodiment of the present inven-
tion, the photo sensor further comprises a first capacitor and a
second capacitor. The first capacitor is electrically coupled
between the third route terminal and the fourth route terminal
of the photosensitive switch, and the second capacitor is
electrically coupled between the second control terminal and
the fourth route terminal of the photosensitive switch.

[0016] In an exemplary embodiment of the present inven-
tion, the readout driving unit comprises a charge amplifier, a
capacitor and a switch element. A first input terminal of the
charge amplifier is electrically coupled to the specific readout
line, a second input terminal thereof is electrically coupled to
a reference power supply, and an output terminal thereof is
configured for obtaining an output voltage according to sig-
nals in the first input terminal and the second input terminal.
The capacitor is electrically coupled between the first input
terminal and the output terminal of the charge amplifier, and
the switch element is electrically coupled between the first
input terminal and the output terminal of the charge amplifier.

[0017] A touch device in accordance with other exemplary
embodiment of the present invention is disposed on a sub-
strate having a plurality of gate lines. The touch device com-
prises a power line, a photo sensor and a readout line. The
photo sensor is electrically coupled to two specific gate lines
of the gate lines, and generates a different output signal by
luminance with a different level. The readout line is electri-
cally coupled to the photo sensor for outputting the output
signal. The photo sensor comprises a readout switch and a
photosensitive switch. The readout switch is electrically
coupled to one of the two specific gate lines for determining
whether is turned on according to the transmitted signal. The
photosensitive switch is coupled to another of the two specific
gate lines and the power line to generate a leakage current
with a different level by the luminance with a different level.
Signals in another of the two specific gate line and the power
line are cooperated to determine whether the photosensitive
switch is operated in an off state.

[0018] An operation method for a photo sensor in a pixel in
accordance with other exemplary embodiment of the present
invention is adapted into the photo sensor disposed on a flat
panel. The flat panel comprises a plurality of gate lines
arranged in parallel, and each of the gate lines is configured
for determining whether at least one pixel switch is turned on.
The photo sensor comprises a photosensitive switch, and the
photosensitive switch is configured for generating a leakage
current with a different level according to the irradiation with
a different level when it is in an off state. The method com-
prises: making the photosensitive switch be electrically
coupled to a power line and a specific gate line of the gate
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lines; and adjusting a voltage difference between the specific
gate line and the power line to keep the photosensitive switch
operating in the off state.

[0019] the touch device and the display crystal display of
the present invention employs the original gate lines thereof
to provide the voltages of the readout switch and the photo-
sensitive switch ofthe photo sensor, specifically, employs one
of the gate lines to provide the voltage to the source electrode
of the photosensitive switch. Thus the liquid crystal display
with the touch function does not need to dispose many signal-
transmitting lines to transmit the various signals to the photo
sensor for performing the touch function. Therefore, the
present invention can save the area for disposing the signal-
transmitting lines, increase the aperture ratio of the liquid
crystal display, improve the luminance of the liquid crystal
display, and decrease the related power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and other features and advantages of the vari-
ous embodiments disclosed herein will be better understood
with respect to the following description and drawings, in
which like numbers refer to like parts throughout, and in
which:

[0021] FIG. 1 is an equivalent circuit schematic view of a
flat display with touch function in accordance with an exem-
plary embodiment of the present invention.

[0022] FIG. 2 is an equivalent circuit schematic view of a
photo sensor and a readout driving unit thereof in accordance
with an exemplary embodiment of the present invention.
[0023] FIG. 3 is an equivalent circuit schematic view of a
photo sensor and a readout driving unit thereof in accordance
with another exemplary embodiment of the present invention.
[0024] FIG. 4 is an equivalent circuit schematic view of a
flat display with touch function in accordance with another
exemplary embodiment of the present invention.

[0025] FIG. 5 is a flow chart of an operation method for a
photo sensor in a pixel in accordance with an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

[0026] Reference will now be made to the drawings to
describe exemplary embodiments of the present touch device,
the present display substrate, the present liquid crystal display
and the present operation method for photo sensor, in detail.
The following description is given by way of example, and
not limitation.

[0027] Referto FIG. 1, which is an equivalent circuit sche-
matic view of a flat display with touch function in accordance
with an exemplary embodiment of the present invention. In
this exemplary embodiment, the flat display 100 may be a
liquid crystal display, which includes a substrate 110, another
substrate (not shown) opposite to the substrate 110 and a
liquid crystal layer (not shown) between the two substrates.
The flat display 100 includes a plurality of gate lines, such as
G(n-1), G(n) and G(n+1), and a plurality of data lines, such as
D(n-1), D(n)and D(n+1), which are disposed on the substrate
110. The gatelines and the data lines are intersected with each
other to divide the flat display 100 into a plurality of pixel
regions. For example, the gate lines G(n-1), G(n) and G(n+1)
and the data lines D(n-1), D(n) and D(n+1) are intersected
with each other to form 4 pixel regions. Each pixel region of
the flat display 100 has a pixel transistor 111 and a pixel
electrode 112 disposed therein, wherein the pixel transistor
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111 is electrically coupled to the corresponding gate line and
the corresponding data line respectively, and the pixel elec-
trode 112 is electrically coupled to the corresponding pixel
transistor 111. The flat display 100 employs the correspond-
ing gate line to transmit a gate signal to the pixel transistor 111
to control on/off state of the pixel transistor 111. When the
pixel transistor 111 is in the on state, a data signal is trans-
mitted to the corresponding the pixel electrode 112 via the
pixel transistor 111 by the corresponding data line. Thus the
flat display 100 displays a corresponding image. The above
technology is obvious for persons skilled in the art, and is not
described herein.

[0028] Formaking the flatdisplay 100 have the touch func-
tion, the flat display 100 further includes photo sensors 120,
power lines Vg and readout lines R(n-1), R(n), which are
configured for compose a touch device and are disposed on
the substrate 110. In this exemplary embodiment, each pixel
region has a photo sensor 120 disposed therein, and the read-
out lines R(n-1), R(n) are intersected with the gate lines
G(n-1), G(n) and G(n+1) respectively. However, the present
invention is not limited in this embodiment. The persons
skilled in the art also can dispose the photo sensors 120 in
some specific pixel regions of the plurality of adjacent pixel
regions according to actual needs. Refer to FIG. 2 together,
which is an equivalent circuit schematic view of the photo
sensor and a readout driving unit in a pixel region as shown in
FIG. 1. The photo sensor 120 includes a readout switch 121
and a photosensitive switch 126. Preferably, the readout
switch 121 is a thin-film transistor (TFT), such as a metal-
oxide semiconductor field-effect transistor (MOSFET) or
other transistor. The present invention employs the MOSFET
1o describe the present invention, however, the present inven-
tion is not limited in this embodiment.

[0029] A gate electrode 1211 (or called a first control ter-
minal) of the readout switch 121 is electrically coupled to a
gate line G(n) to control on/off state of the readout switch 121,
a drain electrode 1213 (or called a second route terminal)
thereof is electrically coupled to a readout line R(n) and a
source electrode 1212 (or called a first route terminal) thereof
1s electrically coupled to a drain electrode 1263 (or called a
fourth route terminal) of the photosensitive switch 126. A gate
electrode 1261 (or called a second control terminal) of the
photosensitive switch 126 is electrically coupled to the power
line Vg to control on/off state of the photosensitive switch
126, and a source electrode 1262 (or called a third route
terminal) thereof is electrically coupled to another gate line,
such as a next gate line G(n+1) adjacent to the gate line G(n).
The readout line R(n) is electrically coupled to a readout
driving unit 130. When the photosensitive switch 126 is in the
off state, leakage currents with different levels are generated
between the drain electrode 1263 and the source electrode
1262 thereof because the irradiation with different levels
irradiate the photosensitive switch 126.

[0030] Furthermore, the photo sensor 120 may further
include a first capacitor 128 and a second capacitor 129. The
first capacitor 128 is electrically coupled between the drain
electrode 1263 and the source electrode 1262 of the photo-
sensitive switch 126. The second capacitor 129 is electrically
coupled between the drain electrode 1263 and the gate elec-
trode 1261 of the photosensitive switch 126. The first capaci-
tor 128 and the second capacitor 129 perform charging/dis-
charging operation by the leakage current generated by the
photosensitive switch 126. The readout driving unit 130 may
includes a charge amplifier 131, a capacitor 132 and a switch
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element 133. A first input terminal of the charge amplifier 131
1s electrically coupled to the readout line R(n), a second input
terminal thereof is electrically coupled to a reference power
supply Vr, and an output terminal thereof obtains an output
voltage Vout according to the signals in the first input terminal
and the second input terminal. The capacitor 132 is electri-
cally coupled between the first input terminal and the output
terminal of the charge amplifier 131, and the switch element
133 is electrically coupled to the capacitor 132 in parallel, that
is the switch element 133 is electrically coupled between the
first input terminal and the output terminal of the charge
amplifier 131.

[0031] The flat display 100 with the touch function dis-
closed in the exemplary embodiment of the present invention
employs the gate line G(n+1) and the power line Vg to supply
voltages to the gate electrode 1261 and the source electrode
1262 of the photosensitive switch 126, such that a voltage
difference Vgs therebetween is always lower than a threshold
voltage of the photosensitive switch 126. Thus the photosen-
sitive switch 126 is kept in the off state and does not influence
the leakage current generated by the photosensitive switch
126. When the readout switch 121 is turned on, that is, the
readout switch 121 is in the on state, a signal is transmitted to
the readout line Rn at this moment. In this exemplary embodi-
ment, the signal is preferably a result of charging/discharging
the capacitor 128, 129 by the leakage current generated by the
photosensitive switch 126. The signal is transmitted to the
readout line Rn via the readout switch 121 in the on state, and
is read by the readout driving unit 130. The readout driving
unit 130 can determine whether the photosensitive switch 126
is shaded by an object (such as a finger or a touch pen)
according to the read result (or called the signal), thus can
determine whether the pixel region where the photo sensor
120 is located, is touched. The technology of how the readout
driving unit 130 judges the read signal, is obvious for the
persons skilled in the art, and it is not limited herein.

[0032] From the above description, the touch device mainly
composed by the photo sensors 120 in accordance with the
present invention is disposed in the substrate 110 having the
plurality of gate lines. The touch device employs the original
gate lines G(n) and G(n+1) of the flat display 100 to provides
various driving signals to the photosensitive sensor 120, such
that the touch device is integrated with the flat display and the
flat device 100 has the touch function. In addition, it should be
noted that the touch device mainly composed by the photo
sensors 120 also can be applied into other-type flat display,
such as organic light-emitting device (OLED), flexible dis-
play, etc., except the liquid crystal display described in the
present invention. If the flat display has a plurality of gate
lines, it can employ the photo sensors of the present invention
such that the touch device is integrated with the flat device.
[0033] In addition, although each pixel region of the flat
display 100 with the touch function disclosed in the exem-
plary embodiment of the present invention as shown in FIG.
1 has a photo sensor correspondingly, it is obvious for the
persons skilled in the art that a photo sensor can correspond to
a plurality of pixel regions. For example, only a photo sensor
may be disposed in 4 pixel regions formed by intersecting the
gate lines G(n-1), G(n), G(n+1) and the data lines D(n-1),
D(n), D(n+1).

[0034] Refer to FIG. 3, which is an equivalent circuit sche-
matic view of a photo sensor and a readout driving unit in
accordance with another exemplary embodiment of the
present invention. The photo sensor 180 of the exemplary
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embodiment is similar with the photo sensor 120 as shown in
FIG. 2, except that a source electrode 1862 of a photosensitive
switch 186 of the photo sensor 180 of the exemplary embodi-
ment is electrically coupled to a previous gate line G(n-1)
adjacent to the gate line G(n), such that a source voltage is
provided to the source electrode 1862 of the photosensitive
switch 186 via the gate line G(n-1).

[0035] Refer to FIG. 4, which is an equivalent circuit sche-
matic view of a flat display with touch function in accordance
with other exemplary embodiment of the present invention.
The flat display 200 is similar with the flat display 100 as
shownin FIG. 1, except that a gate electrode 2211 of areadout
switch 221 of a photo sensor 220 in each pixel region of the
flat display 200 is electrically coupled to another gate line in
the corresponding pixel region, which is adjacent to the gate
line electrically coupled to the pixel transistor 211 in the
corresponding pixel region. For example, for the pixel region
corresponding to the gate line Gn and the data line Dn, the
pixel transistor 211 therein is electrically coupled to the gate
line Gn, the gate electrode 2211 of the readout switch 221 of
the photo sensor 220 therein is electrically coupled to a next
gate line G(n+1) adjacent to the gate line Gn, and the source
electrode 2262 of the photosensitive switch 226 is electrically
coupled to the gate line Gn.

[0036] In addition, the present invention also provides an
operation method for a photo sensor in a pixel region, which
is configured for driving the flat display as shown in FIG. 1 or
4. Refer to FIG. 5, which is a flow chart of the operation
method. The operation method includes: adjusting a voltage
difference between a specific gate line and a power line elec-
trically coupled to a photosensitive switch to keep the photo-
sensitive switch operating in a state with a certain current
while the photosensitive switch is shaded; transmitting a sig-
nal to a readout signal unit; and determining whether the
photo sensor is shaded by an object according to the signal
received by the readout signal unit.

[0037] Thevoltage difference between the specific gate line
and the power line is adjusted such that the voltage difference
is lower than a threshold voltage of the photo sensor. In
addition, the step of transmitting the signal to the readout
driving unit includes turning on a readout switch of the photo
sensor. The step thereof further includes transmitting a result
of charging/discharging a capacitor by the photosensitive
switch to a readout line. The step of determining whether the
photo sensor is shaded by the object is determined by the
result of charging/discharging the capacitor by the photosen-
sitive switch.

[0038] The present invention makes the photosensitive
switch be electrically coupled to the power line and one gate
line of the flat display, and adjusts the voltage difference
between the gate line and the power line to keep the photo-
sensitive switch operating in the off state. Thus some circuit
element may be omitted, and the manufacturing cost and the
aperture ratio thereof may be improved.

[0039] Insummary, the flat display with the touch function
of the present invention employs the leakage current gener-
ated by the photosensitive switch of the photo sensor to deter-
mine whether the photo sensor is touched by the touch object,
such that the liquid crystal display has the touch function.
Furthermore, the flat display ofthe present invention employs
the original gate lines as the gate lines, and employs the two
adjacent gate lines to provide the voltages of the readout
switch and the photosensitive switch of the photo sensor,
specifically, employs the gate line to provide the voltage of
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the source electrode of the photosensitive switch. Thus the flat
display with the touch function can not only perform the
touch function, but also need not to dispose many signal-
transmitting lines to transmit the various signals to the photo
sensor. Therefore, the present invention can save the area for
disposing the signal-transmitting lines, increase the aperture
ratio of the flat display, improve the luminance of the flat
display, and decrease the related power consumption.

[0040] The above description is given by way of example,
and not limitation. Given the above disclosure, one skilled in
the art could devise variations that are within the scope and
spirit of the invention disclosed herein, including configura-
tions ways of the recessed portions and materials and/or
designs of the attaching structures. Further, the various fea-
tures of the embodiments disclosed herein can be used alone,
or in varying combinations with each other and are not
intended to be limited to the specific combination described
herein. Thus, the scope of the claims is not to be limited by the
illustrated embodiments.

What is claimed is:

1. A substrate with touch function, comprising:

a plurality of gate lines disposed on the substrate;

at least one touch device disposed on the substrate, the
touch device comprising:

a power line disposed on the substrate;

at least one readout line disposed on the substrate and
correspondingly intersecting with the gate lines;

a photo sensor disposed adjacent to a location where a
specific gate line of the gate lines and a specific read-
out line of the at least one readout line intersect, the
photo sensor comprising:

a readout switch, comprising:

a first route terminal;

a second route terminal electrically coupled to the
specific readout line; and

a first control terminal electrically coupled to the spe-
cific gate line; and

a photosensitive switch, comprising:

a third route terminal;

a fourth route terminal electrically coupled to the first
route terminal; and

a second control terminal electrically coupled to the
power line; and

a readout driving unit electrically coupled to the specific
readout line;

wherein, the third route terminal of the photosensitive
switch is electrically coupled to a predetermined gate
line of the gate lines except the specific gate line.

2. The substrate as claimed in claim 1, wherein the prede-
termined gate line is a next gate line adjacent and next to the
specific gate line.

3. The substrate as claimed in claim 1, wherein the prede-
termined gate line is a previous gate line adjacent and prior to
the specific gate line.

4. The substrate as claimed in claim 1, wherein the photo
sensor further comprises:

a first capacitor electrically coupled between the third route
terminal and the fourth route terminal of the photosen-
sitive switch; and

a second capacitor electrically coupled between the second
control terminal and the fourth route terminal of the
photosensitive switch.

5. The substrate as claimed in claim 1, wherein the readout

driving unit comprises:
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a charge amplifier, comprises:

a first input terminal electrically coupled to the specific
readout line;

a second input terminal electrically coupled to a refer-
ence power supply; and

an output terminal configured for obtaining an output
voltage according to signals on the first input terminal
and the second input terminal;

a capacitor electrically coupled between the first input
terminal and the output terminal of the charge amplifier;
and

a switch element electrically coupled between the first
input terminal and the output terminal of the charge
amplifier.

6. A liquid crystal display with touch function, comprising:

the substrate as claimed in claim 1;

another substrate opposite to the substrate; and

a liquid crystal layer disposed between the two substrates.

7. The liquid crystal display as claimed in claim 6, further

comprising:

aplurality of data lines disposed on the substrate and inter-
secting with the gate lines to divide the liquid crystal
display into a plurality of pixel regions;

a plurality of pixel transistors disposed in the pixel regions
respectively and electrically coupled to the correspond-
ing gate lines and the corresponding data lines respec-
tively; and

a plurality of pixel electrodes disposed in the pixel regions
respectively, and one of the pixel electrodes being elec-
trically coupled to a corresponding one of the pixel
transistors.

8. The liquid crystal display as claimed in claim 6, wherein

the predetermined gate line is a previous gate line adjacent
and prior to the specific gate line.
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9. The liquid crystal display as claimed in claim 8, wherein
the specific gate line is the same as the gate line electrically
coupled to the pixel transistor in one of the pixel regions
where the readout switch is located.

10. The liquid crystal display as claimed in claim 8§,
wherein the specific gate line being adjacent to the gate line
electrically coupled to the pixel transistor in one of the pixel
regions where the readout switch is located.

11. An operation method of a photo sensor in a pixel,
configured for driving the substrate with touch function as
claimed in claim 1, the operation method comprising:

adjusting a voltage difference between the specific gate

line and the power line to keep the photosensitive switch
operating in a state with a certain current;

transmitting a signal to the readout driving unit; and

determining whether the photo sensor is shaded by an

object.

12. The operation method as claimed in claim 11, wherein
adjusting the voltage difference between the specific gate line
and the power line to keep the photosensitive switch operating
in the state with the certain current, employs the specific gate
line and the power line to provide a voltage lower than a
threshold voltage of the photo sensor.

13. The operation method as claimed in claim 11, wherein
transmitting the signal to the readout driving unit, comprises
turning on the readout switch.

14. The operation method as claimed in claim 13, wherein
transmitting the signal to the readout driving unit, further
comprises transmitting a result of charging/discharging a
capacitor by the photosensitive switch to the readout line.

15. The operation method as claimed in claim 14, wherein
determining whether the photo sensor is shaded by the object,
is determined by the result of charging/discharging the
capacitor by the photosensitive switch.
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