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EMBEDDED TOUCH SCREEN

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2012-033837 filed on Feb. 20, 2012, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an embedded touch
screen.

[0004] 2. Description of the Related Art

[0005] A tablet-type information terminal and a multifunc-

tional mobile phone (so-called smartphone) including a touch
screen have become popular. The “touch screen” as used
herein refers to a device obtained by combining a touch panel
to an image display device such as a liquid crystal display
device. Further, the “touch panel” as used herein refers to a
planar contact-detection type pointing device. A user directly
touches the touch screen with a finger, a stylus, or the like
while looking at an image displayed on the screen, thereby
performing input.

[0006] The generally popularized touch screen is obtained
by integrally bonding the image display device and the con-
tact-detection type input device, which are separately formed.
Such a touch panel has disadvantages in panel thickness and
weight, the number of components, and its cost. Further, the
number of manufacturing steps increases, and hence there
arises a problem of decreasing yields.

[0007] In view of this, there has been proposed a touch
screen in which the image display device and the contact-
detection type input device are not separately formed but
integrally formed. Such a touch screen is referred to as, for
example, “embedded type” or “in-cell type”. In this specifi-
cation, such a touch screen is hereinafter called an “embedded
touch screen”.

[0008] JP 2008-027292 A describes an embedded touch
screen in which an optical sensor and a thin film transistor
(TFT) for taking out an output of the sensor as a charge
voltage are arranged in a pixel of the liquid crystal display
device.

[0009] JP 2011-527787 A describes an embedded touch
screen in which a common electrode of the liquid crystal
display device is divided into blocks for mutual capacitive
coupling, and contact detection is performed based on the
capacitive change during touching.

[0010] Eiji Kanda, Tsukasa Eguchi, Yasunori Hiyoshi,
Taketo Chino, Yasushi Tsuchiya, Takahiro Iwashita, Tokuro
Ozawa, Takao Miyazawa, Tomotaka Matsumoto (2008),
“Integrated Active Matrix Capacitive Sensors for Touch Panel
LIPS-TFTLCDs,” SID symposium digest of technical papers,
Vol. 39, Issue 1, 834-837 describes an embedded touch screen
in which a capacitive element and a signal reading TFT are
provided in a pixel of the liquid crystal display device, and the
capacitive fluctuation caused by the fluctuation of a liquid
crystal cell gap during touching is read outside.

[0011] In the embedded touch screens described in IP
2008-027292 A and Kanda et al., a TFT different from a TFT
for driving liquid crystal needs to be provided in the pixel, but
in this case, the pixel aperture ratio reduces. Particularly in a
small-sized or high resolution image display device, the TFT
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originally occupies a large area in proportion to the entire
pixel, and hence it is not very realistic to further increase the
number of TFTs in the pixel.

[0012] Inthe embedded touch screen described in JP 2011-
527787 A, the common electrode needs to be divided into
complicated shapes, and the contact detection is performed
for each block, which degrades the accuracy of coordinate
detection. In order to increase the accuracy of coordinate
detection, it is necessary to divide the common electrode into
a larger number of small blocks, but on the other hand, each
block requires a detection circuit including an amplifier.
Therefore, when the accuracy of coordinate detection is
increased, the circuit scale of the detection circuit is
increased.

SUMMARY OF THE INVENTION

[0013] The present invention has been made in view of the
above-mentioned circumstances, and has an object to provide
an embedded touch screen which is capable of performing
coordinate detection with sufficient accuracy by a detection
circuit simpler than that in a conventional technology without
reduction of a pixel aperture ratio.

[0014] The invention disclosed in this application has vari-
ous aspects, and the summary of representative aspects is as
follows.

[0015] (1) An embedded touch screen, including: a first
substrate; a second substrate including, on a front surface
thereof: a plurality of scanning signal lines extending in a first
direction; a plurality of video signal lines extending in a
second direction; a plurality of pixels sectioned by the plu-
rality of scanning signal lines and the plurality of video signal
lines in matrix being arranged in an image region and each
including a pixel electrode connected to corresponding one of
the plurality of video signal lines via a switching element
connected to corresponding one of the plurality of scanning
signal lines; and a common electrode; a liquid crystal layer
sandwiched between the first substrate and the second sub-
strate; an application circuit for applying an alternating signal
to a plurality of excitation electrodes each arranged along one
of the first direction and the second direction; a detection
circuit for detecting a signal excited on a plurality of detection
electrodes each arranged adjacent to each of the plurality of
excitation electrodes; and a scanning circuit for scanning,
during application by the application circuit and detection by
the detection circuit, at least one of the plurality of excitation
electrodes and the plurality of detection electrodes at least in
the second direction.

[0016] (2) The embedded touch screen according to Item
(1), in which the plurality of excitation electrodes and the
plurality of detection electrodes each include at least one of
the pixel electrode, the common electrode, each of the plu-
rality of video signal lines, and a video signal shielding elec-
trode provided in parallel to the each of the plurality of video
signal lines in an overlapping manner.

[0017] (3) The embedded touch screen according to Item
(1) or (2), in which, during the application by the application
circuit and the detection by the detection circuit, the detection
circuit simultaneously detects the signals excited on the plu-
rality of detection electrodes in the second direction.

[0018] (4) The embedded touch screen according to Item
(1) or (2), in which, during the application by the application
circuit and the detection by the detection circuit, the detection
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circuit detects the signals excited on the plurality of detection
electrodes through the scanning by the scanning circuit in the
second direction.

[0019] (5) The embedded touch screen according to any
one of Items (1) to (4), in which the plurality of excitation
electrodes and the plurality of detection electrodes each cross
a part of the plurality of pixels in a width direction orthogonal
to an arrangement direction thereof.

[0020] (6) The embedded touch screen according to Item
(5), in which a pitch between corresponding one of the plu-
rality of excitation electrodes and corresponding one of the
plurality of detection electrodes, which are adjacent to each
other, is larger than a distance between a front surface of the
first substrate and the front surface of the second substrate.
[0021] (7) The embedded touch screen according to any
one of Items (1) to (6), in which the application circuit applies
an alternating signal, which has a phase reversed by 180° with
respect to an alternating signal applied to one of excitation
electrodes adjacent to corresponding one of the plurality of
detection electrodes, to another of the excitation electrodes
adjacent to the corresponding one of the plurality of detection
electrodes.

[0022] (8) The embedded touch screen according to any
one of Items (1) to (6), in which the detection circuit obtains
a difference between the signal excited by the corresponding
one of'the plurality of detection electrodes and an alternating
signal in the same phase as the alternating signal applied by
the application circuit.

[0023] (9) An embedded touch screen, including: a first
substrate; a second substrate including, on a front surface
thereof: a plurality of scanning signal lines extending in a first
direction; a plurality of video signal lines extending in a
second direction; a plurality of pixels sectioned by the plu-
rality of scanning signal lines and the plurality of video signal
lines in matrix being arranged in an image region and each
including a pixel electrode connected to corresponding one of
the plurality of video signal lines via a switching element
connected to corresponding one of the plurality of scanning
signal lines; and a common electrode; a liquid crystal layer
sandwiched between the first substrate and the second sub-
strate; an application circuit for applying an alternating signal
to a plurality of excitation electrodes; and a detection circuit
for detecting a signal excited on a plurality of first detection
electrodes each arranged along the first direction, and for
detecting a signal excited on a plurality of second detection
electrodes each arranged along the second direction.

[0024] (10) The embedded touch screen according to Item
(9), in which adjacent two of the plurality of excitation elec-
trodes has a clearance therebetween, the clearance extending
in at least one of the first direction and the second direction,
and in which at least one of each of the plurality of first
detection electrodes and each of the plurality of second detec-
tion electrodes is arranged at a position overlapping with the
clearance in plan view.

[0025] (11) The embedded touch screen according to Item
(9), in which the plurality of excitation electrodes include: a
plurality of first excitation electrodes each arranged along the
first direction; and a plurality of second excitation electrodes
each arranged along the second direction, and in which the
plurality of first detection electrodes are each arranged adja-
cent to each of the plurality of first excitation electrodes, and
the plurality of second detection electrodes are each arranged
adjacent to each of the plurality of second excitation elec-
trodes.
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[0026] (12) The embedded touch screen according to any
one of Items (9) to (11), in which the plurality of excitation
electrodes, the plurality of first detection electrodes, and the
plurality of second detection electrodes each include at least
one of the pixel electrode, the common electrode, each of the
plurality of video signal lines, and a video signal shielding
electrode provided in parallel to the each of the plurality of
video signal lines in an overlapping manner.

[0027] (13) The embedded touch screen according to any
one of Items (9) to (12), in which, during application by the
application circuit and detection by the detection circuit, the
detection circuit simultaneously detects the signals excited on
the plurality of first detection electrodes in the second direc-
tion, and simultaneously detects the signals excited on the
plurality of second detection electrodes in the first direction.
[0028] (14) The embedded touch screen according to any
one of Items (9) to (12), in which, during application by the
application circuit and detection by the detection circuit, the
detection circuit detects the signals excited on the plurality of
first detection electrodes through scanning in the second
direction, and detects the signals excited on the plurality of
second detection electrodes through scanning in the first
direction.

[0029] (15) The embedded touch screen according to any
one of Items (9) to (14), in which the plurality of excitation
electrodes, the plurality of first detection electrodes, and the
plurality of second detection electrodes each cross a part of
the plurality of pixels in a width direction orthogonal to an
arrangement direction thereof.

[0030] (16) The embedded touch screen according to Item
(15), in which a pitch between corresponding one of excita-
tion electrodes and corresponding one of the plurality of first
detection electrodes, which are adjacent to each other, and a
pitch between corresponding one of the excitation electrodes
and corresponding one of the plurality of second detection
electrodes, which are adjacent to each other, are larger than a
distance between a front surface of the first substrate and the
front surface of the second substrate.

[0031] (17) The embedded touch screen according to any
one of Items (9) to (16), in which the application circuit
applies an alternating signal, which has a phase reversed by
180° with respect to an alternating signal applied to one of
excitation electrodes adjacent to corresponding one of the
plurality of first detection electrodes, to another of the exci-
tation electrodes adjacent to the corresponding one of the
plurality of first detection electrodes, and in which the appli-
cation circuit applies an alternating signal, which has a phase
reversed by 180° with respect to an alternating signal applied
to one of excitation electrodes adjacent to corresponding one
of the plurality of second detection electrodes, to another of
the excitation electrodes adjacent to the corresponding one of
the plurality of second detection electrodes.

[0032] (18) The embedded touch screen according to any
one of Items (9) to (16), in which the detection circuit obtains
a difference between the signals excited on the plurality of
first detection electrodes and an alternating signal having the
same phase as the alternating signal applied by the applica-
tion circuit, and obtains a difference between the signals
excited on the plurality of second detection electrodes and the
alternating signal having the same phase as the alternating
signal applied by the application circuit.

[0033] (19) The embedded touch screen according to any
one of Items (1) to (18), further including a video display
circuit for writing a video signal into the pixel electrode, in
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which the video signal is updated in a period corresponding to
a frame, the frame including: a writing period in which the
video display circuit writes the video signal; and a detection
period in which the application by the application circuit and
the detection by the detection circuit are performed, and in
which, during the detection period, one of causing the pixel
electrode to hold a signal for black display and turning OFF a
backlight unit is performed.

[0034] (20) The embedded touch screen according to any
one of Items (1) to (18), further including a video display
circuit for writing a video signal into the pixel electrode, in
which the video signal is updated in a period corresponding to
a frame, the frame including: a writing period in which the
video display circuit writes the video signal; and a detection
period in which the application by the application circuit and
the detection by the detection circuit are performed, and in
which, during the detection period, the pixel electrode holds
the video signal, and one of the alternating signal applied by
the application circuit and a signal excited by the alternating
signal is superimposed to the pixel electrode.

[0035] According to the aspect of Item (1) of the present
invention, it is possible to provide the embedded touch screen
which is capable of performing coordinate detection with
sufficient accuracy by the detection circuit simpler than that
in the conventional technology without reduction of the pixel
aperture ratio.

[0036] According to the aspect of Item (2) of the present
invention, the embedded touch screen can be obtained with-
out significantly changing the circuit configuration of the
existing liquid crystal display device.

[0037] According to the aspect of Item (3) of the present
invention, the coordinate detection can be performed in a
shorter period of time.

[0038] According to the aspect of Item (4) of the present
invention, the coordinate detection can be performed by the
detection circuit in a smaller size.

[0039] According to the aspect of Item (5) or (6) of the
present invention, the coordinate detection can be performed
even in a small-sized or high resolution embedded touch
screen.

[0040] According to the aspect of Item (7) or (8) of the
present invention, it is possible to obtain the embedded touch
screen which is less affected by noise and has high detection
sensitivity.

[0041] According to any one of the aspects of Items (9) to
(11) of the present invention, it is possible to provide the
embedded touch screen which is capable of performing coor-
dinate detection with sufficient accuracy by the detection
circuit simpler than that in the conventional technology with-
out reduction of the pixel aperture ratio.

[0042] According to the aspect of Item (12) of the present
invention, the embedded touch screen can be obtained with-
out significantly changing the circuit configuration of the
existing liquid crystal display device.

[0043] According to the aspect of Item (13) of the present
invention, the coordinate detection can be performed in a
shorter period of time.

[0044] According to the aspect of Item (14) of the present
invention, the coordinate detection can be performed by the
detection circuit in a smaller size.

[0045] According to the aspect of Item (15) or (16) of the
present invention, the coordinate detection can be performed
even in a small-sized or high resolution embedded touch
screen.

Aug. 22,2013

[0046] According to the aspect of Item (17) or (18) of the
present invention, it is possible to obtain the embedded touch
screen which is less affected by noise and has high detection
sensitivity.

[0047] According to the aspect of Item (19) of the present
invention, the coordinate detection can be performed without
affecting an image to be displayed.

[0048] According to the aspect of Item (20) of the present
invention, the coordinate detection can be performed without
decreasing brightness of an image to be displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] In the accompanying drawings:

[0050] FIG. 1 is a schematic sectional view illustrating the
principle of an embedded touch screen according to the
present invention;

[0051] FIG. 2 is a schematic sectional view illustrating the
principle of the embedded touch screen according to the
present invention;

[0052] FIG. 3 is a view illustrating a configuration of an
embedded touch screen according to Embodiment 1 of the
present invention;

[0053] FIG. 4 illustrates one of pixels formed in a liquid
crystal panel by a circuit diagram;

[0054] FIG. 5 is a partially enlarged plan view of a second
substrate of the embedded touch screen;

[0055] FIG. 6 is a sectional view taken along the line VI-VI
of FI1G. 5;

[0056] FIG. 7 is a sectional view taken along the line VII-
VII of FIG. 5;

[0057] FIG. 8 is a view schematically illustrating a partial
configuration of the embedded touch screen according to
Embodiment 1 of the present invention for performing con-
tact detection and coordinate detection;

[0058] FIG.9isa view schematically illustrating an overall
configuration of the embedded touch screen according to
Embodiment 1 of the present invention for performing con-
tact detection and coordinate detection;

[0059] FIG. 10 is a diagram illustrating waveforms of
operation signals of the embedded touch screen according to
Embodiment 1 of the present invention;

[0060] FIG. 11 is a view schematically illustrating an over-
all configuration of an embedded touch screen according to
Embodiment 2 of the present invention for performing con-
tact detection and coordinate detection;

[0061] FIG. 12 is a view schematically illustrating an over-
all configuration of an embedded touch screen according to
Embodiment 3 of the present invention for performing con-
tact detection and coordinate detection;

[0062] FIG. 13 is a view schematically illustrating an over-
all configuration of an embedded touch screen according to
Embodiment 4 of the present invention for performing con-
tact detection and coordinate detection;

[0063] FIG. 14 is a view schematically illustrating an over-
all configuration of an embedded touch screen according to
Embodiment 5 of the present invention for performing con-
tact detection and coordinate detection;

[0064] FIG. 15 is a view schematically illustrating an over-
all configuration of an embedded touch screen according to
Embodiment 6 of the present invention for performing con-
tact detection and coordinate detection;

[0065] FIG. 16 is a view schematically illustrating an over-
all configuration of an embedded touch screen according to
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Embodiment 7 of the present invention for performing con-
tact detection and coordinate detection;

[0066] FIG.17 is a view schematically illustrating an over-
all configuration of an embedded touch screen according to
Embodiment 8 of the present invention for performing con-
tact detection and coordinate detection; and

[0067] FIG. 18 is a view schematically illustrating an over-
all configuration of an embedded touch screen according to
Embodiment 9 of the present invention for performing con-
tact detection and coordinate detection.

DETAILED DESCRIPTION OF THE INVENTION

[0068] First, the basic principle of an embedded touch
screen according to each embodiment of the present invention
is described with reference to FIGS. 1 and 2.

[0069] FIG.1 is a schematic sectional view illustrating the
principle of an embedded touch screen 1 according to the
present invention. In FIG. 1, an image displayed on the
embedded touch screen 1 is observed by an observer from the
upper side of FIG. 1. The embedded touch screen 1 has a
configuration of a general liquid crystal display device, and
includes a liquid crystal panel arranged on the observer’s side
and a backlight unit 5 as a planar light source arranged on the
rear surface side of the liquid crystal panel. The liquid crystal
panel has a structure in which a liquid crystal layer 4 is
sandwiched between a first substrate 2 and a second substrate
3, which are transparent substrates made of glass or the like.
In the following, a surface of the embedded touch screen 1,
which faces the observer’s side, is referred to as a “front
surface”, and a surface on the opposite side is referred to as a
“rear surface”. Further, the observer’s side is called a “front
surface side”, and the opposite side is called a “rear surface
side”.

[0070] Aninsulating layer 6 is formed on the rear surface of
the first substrate 2. The insulating layer 6 includes a color
filter layer, an alignment film, and the like, although illustra-
tion of detailed configurations thereof is omitted in FIG. 1.
Therefore, the first substrate 2 is generally called a color filter
substrate. Further, in a case where the embedded touch screen
1 is also an active matrix liquid crystal display device, on the
front surface of the second substrate 3, there are formed
electrical structures such as TFTs as switching elements,
various wirings, and various electrodes for controlling the
alignment direction of a liquid crystal material in the liquid
crystal layer 4. In this case, those electrical structures are
schematically illustrated simply by electrodes denoted by
reference numerals 7 and 8. The electrodes denoted by refer-
ence numerals 7 and 8 and other electrical structures are
covered with an insulating layer 9. The insulating layer 9
includes a general insulating film, a general alignment film,
and the like, although illustration of detailed configurations
thereof is omitted in FIG. 1.

[0071] In this case, the electrode denoted by reference
numeral 7 is an excitation electrode 7 which is connected to
an alternating power source 10 and to which an alternating
signal is applied by the same circuit. Note that, the “alternat-
ing signal” as used herein refers to a current or a voltage that
periodically changes its magnitude and direction, and may
have any waveform. In this specification, a sine wave AC
voltage is hereinafter used as the representative alternating
signal, but the present invention is not limited thereto. On the
other hand, the electrode denoted by reference numeral 8 is a
detection electrode 8 arranged adjacent to the excitation elec-
trode 7. The detection electrode 8 is connected to an amplifier
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11 for amplifying a signal, that is, a voltage or a current
excited by the detection electrode 8, and detects the amplifi-
cation result. In this case, as an example, the amplifier 11
amplifies the voltage excited by the detection electrode 8.
[0072] Inthis case, an electric field excited by the alternat-
ing signal applied to the excitation electrode 7 is an alternat-
ing electric field. The line of electric force of the alternating
electric field is indicated by broken lines in FIG. 1, and is
illustrated from the excitation electrode 7 to protrude from the
first substrate on the front surface side and connect to the
detection electrode 8. At this time, a signal excited by this
alternating electric field is generated in the detection elec-
trode 8. In this case, when a user of the embedded touch
screen 1 touches the front surface of the first substrate 2 with
a finger 12, a stylus, or other conductive members, as illus-
trated in FIG. 2, the alternating electric field between the
excitation electrode 7 and the detection electrode 8 is
blocked, and the level of the signal excited on the detection
electrode 8 is reduced. Through detection of a change in level
of'this signal amplified by the amplifier 11, it is detected that
the user has touched the front surface of the embedded touch
screen 1. Further, based on the position of the detection elec-
trode 8 at which the signal level has changed, the position
where the user has touched is detected, that is, coordinate
detection is performed.

[0073] By the way, when contact detection and coordinate
detection are performed by the principle described above, as
illustrated in FIG. 1, the alternating electric field to be excited
by the excitation electrode 7 is required to protrude from the
first substrate 2 on the front surface side. As a first condition
therefor, an electrode that prevents the alternating electric
field from protruding on the front surface side cannot be
formed on the first substrate 2. That is, an electrode that
becomes a so-called Faraday cage, which blocks the electric
field, cannot be formed on the first substrate 2. Generally, the
liquid crystal display device controls the alignment direction
of the liquid crystal by an electric field formed between a
pixel electrode and a common electrode. Depending on the
liquid crystal driving system, the common electrode may be
formed on the first substrate or on the second substrate. The
common electrode formed on the first substrate becomes a
Faraday cage, and hence the present invention is required to
adoptamode in which the common electrode is formed on the
second substrate 3. That is, the pixel electrode and the com-
mon electrode are formed on the front surface of the second
substrate 3. As a representative system of driving the liquid
crystal in such a mode, there is known an in-plane switching
(APS) system. In this specification, the embedded touch
screen 1 is an IPS-system liquid crystal display device.
[0074] As a second condition, a pitch between the excita-
tion electrode 7 and the detection electrode 8 requires to be
sufficiently large. When the pitch therebetween is small, the
alternating electric field remains inside the embedded touch
screen 1 and hardly protrudes from the first substrate 2 on the
front surface side. Specifically, it is required that a pitch D
between the excitation electrode 7 and the detection electrode
8 be at least larger than a distance d from the front surface of
the first substrate 2 to the front surface of the second substrate
3.

[0075] Note that, the excitation electrode 7 and the detec-
tion electrode 8 described herein are merely named for con-
venience focusing on the functions when the embedded touch
screen 1 performs contact detection and coordinate detection
in order to discriminate the electrodes. Therefore, it is not
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always necessary to provide dedicated electrodes therefor.
Some electrodes necessary for the embedded touch screen 1
to function as the liquid crystal display device may be used to
serve as the excitation electrode 7 and the detection electrode
8. In this manner, the embedded touch screen can be obtained
without significantly changing the circuit configuration of the
existing liquid crystal display device. Examples of such elec-
trodes includes the pixel electrode, the common electrode, a
video signal line, and a video signal shielding electrode pro-
vided in parallel to the video signal line in an overlapping
manner. Each of the excitation electrode 7 and the detection
electrode 8 may be formed of any one of those electrodes, or
may include a plurality of those electrodes. Further, both of
the excitation electrode 7 and the detection electrode 8 may be
formed of the same electrode (for example, pixel electrode).

[0076] Note that, as illustrated in FIG. 1, the alternating
electric field excited by the excitation electrode 7 passes
through the liquid crystal layer 4, and hence the alternating
electric field may affect the alignment direction of the liquid
crystal. Therefore, the alternating signal applied to the exci-
tation electrode 7 by the alternating power source 10 is set to
have a frequency that is equal to or larger than a frequency at
an extent that does not cause response of the liquid crystal in
the liquid crystal layer 4. In this manner, the influence on the
liquid crystal due to the alternating electric field is substan-
tially eliminated. The frequency at which the liquid crystal
may respond cannot be categorically determined because the
frequency varies depending on the composition of the liquid
crystal, the thickness of the liquid crystal layer 4, and external
factors such as temperature, but it is generally considered that
no response is made when the frequency of'the electric field to
be applied is equal to or larger than about 1 kHz. Therefore,
the lower limit of the frequency of the alternating signal in the
present invention is equal to or larger than 1 kHz, preferably
equal to or larger than 10 kHz. On the other hand, ideally,
there is no upper limit in the frequency of the alternating
signal, but actually, the upper limit is determined by various
factors, for example, the detection limit of the amplifier 11
and the cutoff frequency of the TFT. Therefore, considering
the technology of manufacturing the embedded touch screen
1, that is, the liquid crystal display device at present time, the
upper limit of the alternating signal is about 10 MHz to 20
MHz.

[0077] Note that, inthe description above, the first substrate
2 is arranged on the observer’s side, but the present invention
is not always limited thereto, and the second substrate 3 may
be arranged on the observer’s side. In this case, the above-
mentioned first condition is not always necessary to be satis-
fied, and appropriate electrodes may be formed on the first
substrate 2. When such an arrangement is taken, a liquid
crystal driving system of a mode in which the common elec-
trode is formed on the first substrate 2, for example, a twisted
nematic (TN) or vertical alignment (VA) system may be
employed. Further, regarding the second condition as well, it
is only required that the alternating electric field formed
between the excitation electrode 7 and the detection electrode
8 pass through the second substrate 3 to protrude on its front
surface side, and that the pitch D be at least larger than the
thickness of the second substrate 3.

[0078] In the following, based on the above-mentioned
principle, examples of the specific configuration of the
embedded touch screen 1 are described by means of embodi-
ments.
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Embodiment 1

[0079] FIG. 3 is a view illustrating a configuration of an
embedded touch screen 100 according to Embodiment 1 of
the present invention.

[0080] A liquid crystal panel 13 has a rectangular shape,
and has lateral and vertical lengths determined depending on
the application of the embedded touch screen 100. The liquid
crystal panel 13 illustrated in FIG. 3 has a laterally long shape
(the lateral length is larger than the vertical length). However,
the shape of the liquid crystal panel 13 is not limited thereto,
and the liquid crystal panel 13 may have a vertically long
shape (the lateral length is smaller than the vertical length), or
the lateral length may be the same as the vertical length.
[0081] On the second substrate 3 of the liquid crystal panel
13, a plurality of video signal lines Y and a plurality of
scanning signal lines X are formed. The video signal line Y
and the scanning signal line X are provided orthogonal to
each other, and are formed into a lattice shape. A region
surrounded by two adjacent video signal lines Y and two
adjacent scanning signal lines X corresponds to one pixel.
[0082] FIG. 4 illustrates one of the pixels formed in the
liquid crystal panel 13 by a circuit diagram. A region sur-
rounded by video signal lines Yn and Yn+1 and scanning
signal lines Xn and Xn+1 as illustrated in FIG. 4 corresponds
to one pixel. In this case, it is supposed that the pixel focused
here is driven by the video signal line Yn and the scanning
signal line Xn. On the second substrate 3 side of each pixel, a
TFT 14 is provided. The TFT 14 is turned ON by a scanning
signal input from the scanning signal line Xn. The video
signal line Yn supplies a voltage (signal indicating a gradation
value of each pixel) to a pixel electrode 15 of the pixel via the
TFT 14 in the ON state.

[0083] Further, similarly on the second substrate 3 side, on
the other hand, a common electrode 16 is formed so as to form
a capacitor via the liquid crystal layer 4 sealed and sand-
wiched between the first substrate 2 and the second substrate
3. The common electrode 16 is electrically connected to a
common potential. Therefore, the electric field generated
between the pixel electrode 15 and the common electrode 16
is changed in accordance with a voltage applied to the pixel
electrode 15, to thereby change the alignment state of the
liquid crystal in the liquid crystal layer 4. Thus, a polarized
state of the light beam passing through the liquid crystal panel
13 is controlled. Further, a polarization filter is adhered to
each of the front surface and the rear surface of the liquid
crystal panel 13. With this, each of the pixels formed in the
liquid crystal panel 13 functions as an element for controlling
the light transmittance. Further, the transmittance of light of
each pixel is controlled in accordance with input image data,
to thereby form an image. Therefore, in the liquid crystal
panel 13, a region in which the pixels are formed corresponds
to an image region in which an image is to be formed.
[0084] Referring back to FIG. 3, an external device inputs
video data to a control device 17. The control device 17 may
be a micro computer including a central processing unit
(CPU), and a non-volatile/volatile storage element such as a
read only memory (ROM) and a random access memory
(RAM). The control device 17 is configured to perform vari-
ous types of image processing such as color adjustment with
respect to the input video data, generate a video signal indi-
cating a gradation value of each pixel, control contact detec-
tion and coordinate detection to be performed by the embed-
ded touch screen 100 as described later, and output coordinate
data obtain as a result to an external device.
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[0085] The control device 17 outputs the generated video
signal to a video signal line drive circuit 18. Further, the
control device 17 generates, based on the input video data, a
timing signal for synchronizing the video signal line drive
circuit 18, a scanning signal line drive circuit 19, a backlight
unit drive circuit 20, an application circuit 21, and a detection
circuit 22, and outputs the generated timing signal to the
respective circuits. Note that, the physical form of the control
device 17 is not particularly limited, and the control device 17
may be formed of a plurality of large scale integrations (LSIs)
orasingle member. Further, the backlight unit drive circuit 20
and other circuits may not be synchronized to each other.
[0086] The backlight unit drive circuit 20 is a circuit for
supplying a necessary current to the backlight unit 5. In this
embodiment, the control device 17 generates, based on the
input video data, a signal for controlling the brightness of the
backlight unit 5, and outputs the generated signal to the back-
light unit drive circuit 20. Then, the backlight unit drive
circuit 20 controls the amount of current to be supplied to the
backlight unit 5 in accordance with the generated signal and
the timing signal if necessary, and adjust the brightness of the
backlight unit 5. Note that, the brightness of the backlight unit
5 may be adjusted for each of regions in the backlight unit 5.
As a light source of the backlight unit 5, any known light
source may be used. When a light emitting diode is used as the
light source, as a method of controlling the brightness, there
may be employed a pulse width modulation (PWM) method
in which the current amount is set constant and the brightness
is controlled by a light emission period. Alternatively, no
control may be made on the brightness of the light emitting
diode, and the current amount may be set constant so that light
is emitted at a constant light intensity.

[0087] The scanning signal line drive circuit 19 is con-
nected to the scanning signal lines X. The scanning signal line
drive circuit 19 selects the scanning signal lines X in order in
accordance with the timing signal input from the control
device 17, and applies a voltage to the selected scanning
signal line X. When the voltage is applied to the scanning
signal line X, the TFT 14 connected to the scanning signal line
X is turned ON.

[0088] The video signal line drive circuit 18 is connected to
the video signal lines Y. The video signal line drive circuit 18
applies a voltage corresponding to the video signal indicating
the gradation value of each pixel to each of the TFTs 14
connected to the selected scanning signal line X in confor-
mity to the selection of the scanning signal line X by the
scanning signal line drive circuit 19.

[0089] Note that, in this embodiment, the control device 17
and the backlight unit drive circuit 20 illustrated in FIG. 3 are
formed on a control board (not shown). Further, a video
display circuit 23 including the video signal line drive circuit
18 and the scanning signal line drive circuit 19, the applica-
tion circuit 21, and the detection circuit 22 are formed on a
flexible printed circuit (FPC) board electrically connected to
the liquid crystal panel 13, or on a substrate forming the liquid
crystal panel 13 (so-called system on glass (SOG)). Note that,
those arrangements are merely examples, and positions
where the respective circuits are provided are arbitrary. The
application circuit 21 and the detection circuit 22 are
described later. The application circuit 21 and the detection
circuit 22 are circuits including an alternating power source
10 and an amplifier 11, respectively (see FIGS. 1 and 2).
[0090] FIG.5isapartially enlarged plan view of the second
substrate 3 of the embedded touch screen 100. FIG. 5 illus-
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trates a part including three adjacent pixels, and illustrates a
scanning signal line 24, a video signal line 25, the pixel
electrode 15, the common electrode 16, the TFT 14 formed
for each of the pixels, and a video signal shielding electrode
26. Note that, the respective members are stacked on the
surface of the second substrate 3 by a known semiconductor
manufacturing process, and are arranged so as to overlap with
each other through intermediation of insulating layers as
appropriate. However, in order to clearly represent the posi-
tional relationship, FIG. 5 illustrates outer shapes of the
respective members even at overlapping parts.

[0091] The scanning signal line 24 is a strip line continu-
ously extending in the lateral direction of FIG. 5, and in this
embodiment, is a stacked film of indium tin oxide (ITO) and
copper. Further, the video signal line 25 is a strip line formed
of a copper thin film, which continuously extends in the
vertical direction of FIG. 5 so as to be orthogonal to the
scanning signal line 24. In this specification, the direction in
which the scanning signal line 24 extends is hereinafter
referred to as a “first direction”, and the direction in which the
video signal line 25 extends is hereinafter referred to as a
“second direction”. Further, a substantially rectangular
region surrounded by the adjacent scanning signal lines 24
and the adjacent video signal lines 25 corresponds to one
pixel. Note that, in this embodiment, in order to improve
display characteristics, the pixel has not a complete rectan-
gular shape but a bent shape, and the video signal line 25 is not
a straight line extending along the second direction but a
slightly bent line.

[0092] Inside the pixel, the pixel electrode 15 and the com-
mon electrode 16 formed at a position overlapping with the
pixel electrode 15 are arranged. The pixel electrode 15 is an
electrode formed of an ITO thin film having a comb-shaped
pattern, and is connected to a source electrode of the TFT 14.
The common electrode 16 is formed of an ITO thin film
having a solid pattern that covers the entire pixel. The com-
mon electrodes 16 adjacent to each other in the first direction
are connected to each other. Further, the video signal shield-
ing electrode 26 is a strip line which is formed right above the
video signal line 25 in parallel thereto in an overlapping
manner, and is formed of an ITO thin film extending in the
second direction. The video signal shielding electrode 26 is
maintained to a common potential during image display, and
has a function of electrically shielding the video signal line 25
so that a noise electric field from the video signal line 25 does
not reach the pixel electrode 15. Thus, the video signal shield-
ing electrode 26 prevents deterioration of an image due to a
crosstalk. Note that, the video signal shielding electrode 26 is
not an essential configuration, and may be omitted if unnec-
essary.

[0093] FIG. 6 is a sectional view taken along the line VI-VI
of FIG. 5. FIG. 6 illustrates a cross-section of the TFT 14. A
gate insulating film 27 made of SiN is formed so as to cover
the scanning signal line 24 and the common electrode 16
formed on the second substrate 3. On the gate insulating film
27, a semiconductor layer 28 made of hydrogenated amor-
phous silicon (a-Si:H) is formed. On the semiconductor layer
28, a source electrode 29 and a drain electrode 30 are formed
so as to be separated from each other in plan view. Each of the
source electrode 29 and the drain electrode 30 is formed by
stacking, on an n+ type hydrogenated amorphous silicon film
doped with phosphorus, a metal film such as a stacked mem-
ber of copper and molybdenum as necessary. With the scan-
ning signal line 24 that functions as the gate electrode, the
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gate insulating film 27, the semiconductor layer 28, the
source electrode 29, and the drain electrode 30, the TFT 14 is
formed.

[0094] The video signal line 25 is connected to the drain
electrode. Further, a protective insulating film 31 made of SiN
is formed so as to cover an overall region including the TFT
14 and the video signal line 25. On the protective insulating
film 31, the pixel electrode 15 is formed. The pixel electrode
15 and the source electrode 29 are connected to each other via
a through hole 32. Further, at a position overlapping with the
video signal line 25 across the protective insulating film 31,
the video signal shielding electrode 26 is formed.

[0095] FIG. 7 is a sectional view taken along the line VII-
VII of FIG. 5. FIG. 7 illustrates a cross-section of alight
transmissive region of the pixel, and illustrates the pixel elec-
trode 15 having the comb-shaped pattern and the common
electrode 16 formed below the pixel electrode 15. When
charges are supplied to the pixel electrode 15 to write a
predetermined voltage therein, an electric field in a substan-
tially horizontal direction is formed between the pixel elec-
trode 15 and the common electrode 16, thereby controlling
the alignment direction of the liquid crystal. This type of
liquid crystal driving system corresponds to the IPS system,
which has characteristics of fast liquid crystal response and
wide viewing angle. Further, FIG. 7 illustrates a state in which
the video signal shielding electrode 26 is formed so as to be
overlapped with and insulated from the video signal line 25 in
the same layer as the pixel electrode 15.

[0096] Note that, the above configuration described with
reference to FIGS. 6 and 7 is equivalent to that in a general
IPS-system liquid crystal display device. The materials and
shapes of the respective members may be changed arbitrarily
by a person skilled in the art as long as the functions thereof
are not affected.

[0097] Further, in the configuration described above, an
important point as the embedded touch screen 100 is that the
scanning signal line 24 and the common electrode 16 are
shaped to extend in the first direction, and the video signal line
25 and the video signal shielding electrode 26 are shaped to
extend in the second direction. Further, the pixel electrode 15
is connected to the video signal line 25 via the TFT 14, and the
TFTs 14 arranged in the first direction are turned ON or OFF
at the same time by a signal from the scanning signal line 24.
The TFTs 14 arranged in the second direction are connected
to the same video signal line 25.

[0098] FIG. 8 is a view schematically illustrating a partial
configuration of the embedded touch screen 100 according to
this embodiment for contact detection and coordinate detec-
tion. FIG. 8 illustrates merely members contributing to con-
tact detection and coordinate detection among circuits
formed on the second substrate 3, and illustration of other
parts is omitted.

[0099] The six video signal shielding electrodes 26 illus-
trated on the left side in FIG. 8 are short-circuited to each
other and integrally connected to the alternating power source
10, thereby functioning as an excitation electrode. On the
other hand, the pixel electrodes 15 arranged in four rows and
five columns on the right side in FIG. 8 (representative one of
those is denoted by a reference numeral in FIG. 8) integrally
function as a detection electrode. That is, the TFTs 14 con-
nected to the respective pixel electrodes 15 illustrated in FIG.
8 are turned ON, and further, the video signal lines 25
arranged in five columns are short-circuited to each other to
be integrally connected to the amplifier 11. As a result, a
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voltage excited on the pixel electrode 15 illustrated in FIG. 8
passes through the video signal line 25 to be amplified by the
amplifier 11, and is read outside.

[0100] In this embodiment, the excitation electrode is
formed of the video signal shielding electrodes 26 extending
in the second direction. Further, the excitation electrode cov-
ers a plurality of pixels in a width direction orthogonal to the
second direction corresponding to the arrangement direction
thereof, that is, the first direction. Specifically, the six video
signal shielding electrodes 26 covering six pixels are col-
lected to be used as one excitation electrode. Further, the
detection electrode is set similarly, and the detection elec-
trode covers a plurality of pixels in a width direction orthogo-
nal to the second direction corresponding to a direction in
which the pixel electrodes 15 forming the detection electrode
are arranged, that is, the first direction. In this embodiment,
the pixel electrodes 15 covering five pixels are collected to be
used as one detection electrode.

[0101] Thereasonis as follows. As described above, a large
pitch is taken between the excitation electrode and the detec-
tion electrode so that the alternating electric field protrudes
from the first substrate 2 on the front surface side. At present
time, generally, the thickness of the liquid crystal layer 4 is
normally 3 um to 5 um, and the thickness of the first substrate
2isabout 0.5 mm to 0.7 mm. Therefore, the size of each ofthe
excitation electrode and the detection electrode in the adja-
cent direction thereof is required to be set equivalent thereto.
It is not very realistic to newly provide an electrode having
such a size in view of the function of the embedded touch
screen 1 as the liquid crystal display device. Therefore, as in
this embodiment, a plurality of existing electrodes are col-
lected so as to cover a plurality of pixels in the width direction
orthogonal to the arrangement direction of the excitation
electrode or the detection electrode, and the collected elec-
trodes are short-circuited and integrally used. In this manner,
the electrodes in a large area are effectively combined. The
number of electrodes to be collected, that is, the number of
pixels to be covered cannot be categorially determined
because the number thereof depends on the size of the pixel
and the desired accuracy of coordinate detection. However, in
order to obtain an electrode of 0.5 mm to 0.7 mm as described
above, in a case where the embedded touch screen 100
includes the liquid crystal panel 13 supporting full-color dis-
play, which includes sub-pixels of RGB, in the first direction,
it is preferred to collect three columns or more in sub-pixel
unit, and it is more preferred to collect six columns or more.
In the second direction, it is preferred to collect two rows or
more in sub-pixel unit, and it is more preferred to collect four
rOws or more.

[0102] FIG.9isa view schematically illustrating an overall
configuration of the embedded touch screen 100 according to
this embodiment for contact detection and coordinate detec-
tion. On the second substrate 3 of the embedded touch screen
100 in the image region, the excitation electrodes denoted by
reference symbol EX and the detection electrodes denoted by
reference symbol RC are alternately arranged in the first
direction. Further, each of the excitation electrode EX and the
detection electrode RC has a shape extending long in the
second direction that is the arrangement direction. Note that,
in order to distinguish those electrodes, the excitation elec-
trode EX is illustrated with hatching.

[0103] Inthiscase, specifically, the excitation electrode EX
is obtained by collecting a plurality of video signal shielding
electrodes 26 as described above, but those collected video
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signal shielding electrodes 26 are here treated as one excita-
tion electrode EX for convenience. Similarly, the detection
electrode RC is obtained by collecting a plurality of pixel
electrodes 15, but those collected pixel electrodes 15 are
treated as one detection electrode RC.

[0104] The application circuit 21 is connected to the exci-
tation electrodes EX, and an alternating signal from the alter-
nating power source 10 is applied to each of the excitation
electrodes EX. The detection circuit 22 is connected to the
detection electrodes RC. In the detection circuit 22, a signal
excited on the detection electrode RC and a signal from a
second alternating power source 33 are input to the amplifier
11, and a difference of the signals is amplified to be input to a
digital signal processing circuit 34. In this case, the second
alternating power source 33 outputs an alternating signal in
the same phase as the alternating power source 10, and is
adjusted so that the signal excited on the detection electrode
RC is cancelled for minimum output under a state in which a
finger or the like is not brought into contact with the front
surface of the embedded touch screen 100. This configuration
is set for increasing the sensitivity and accuracy of contact
detection. Note that, when there is no particular problem, the
alternating power source 10 may serve as the second alternat-
ing power source. Further, the digital signal processing circuit
34 outputs coordinates at which the contact is detected as a
digital signal based on the amplified signal from the amplifier
11, and may include alow-pass filter, an integration circuit, an
A/D conversion circuit, a comparator, and other appropriate
circuits for signal processing.

[0105] In the configuration described above, the change in
signal from one of the plurality of prepared amplifiers 11 is
detected to perform, simultaneously to contact detection,
coordinate detection in the first direction, that is, contact
position detection. However, in this state, coordinate detec-
tion in the second direction cannot be performed. Therefore,
in this embodiment, a scanning circuit 35 is provided, and the
detection electrode RC is time-divided in the second direc-
tion. In this manner, from the timing at which contact is
detected, coordinate detection in the second direction is per-
formed. The scanning circuit 35 is connected to the scanning
signal lines 24, and sequentially applies a signal for turning
ON the TFT 14 to the scanning signal lines 24, to thereby
perform scanning in the second direction. In this case, as
illustrated in FIG. 9, the scanning by the scanning circuit 35
need not be performed for a unit of each one pixel but a unit
of a plurality of pixels. In the example illustrated in FIG. 9,
four pixels are collected to be sequentially scanned.

[0106] Therefore, at acertain timing, for example, when the
alternating signals are applied to the excitation electrodes EX,
and further, when a signal for turning ON the TFT 14 is
applied by the scanning circuit 35 to the scanning signal line
24 at the fifth row from the top of FIG. 9 in the scanning unit,
in the detection electrodes RC, only the pixel electrodes 15
illustrated as black parts in FIG. 9 are short-circuited to the
video signal lines 25, and signals therefrom are input to the
respective amplifiers 11. When there is a change in signal
output from any one of the amplifiers 11 at this timing, the
contact position in the first direction is determined based on
the position of the amplifier 11 at which the change has been
detected, and further, the contact position in the second direc-
tion is determined based on the position of the fifth scanning
unit from the top. As a result, coordinate detection is per-
formed. Note that, the scanning circuit 35 may be separately
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provided from the scanning signal line drive circuit 19 (see
FIG. 3), or the scanning circuit 35 may serve as the scanning
signal line drive circuit 19.

[0107] Note that, the “scanning” as used herein refers to an
operation of sequentially selecting only one target once at a
time with respect to all targets continuously arranged, and the
selection may be performed in any order. Generally, the
“scanning” often refers to an operation of sequentially select-
ing one of all targets continuously arranged in order from the
end so that the control or circuit becomes simple. A similar
operation is employed also in this embodiment, but the
present invention is not limited thereto.

[0108] FIG. 10 is a diagram illustrating waveforms of
operation signals of the embedded touch screen 100 accord-
ing to this embodiment. The embedded touch screen 100
sequentially updates an image to be displayed. A period from
when one image is displayed to when the next image is
displayed is called a frame. Further, in the embedded touch
screen 100, the frame is further divided into a display sub-
frame and a contact detection sub-frame. The length of one
frame depends on the frame frequency. For example, the
length thereof'is 16.7 ms when the frame frequency is 60 Hz.
How to determine the length of the sub-frames is arbitrary.
For example, the display sub-frame is set to 12 ms and the
contact detection sub-frame is set to 4.7 ms.

[0109] The display sub-frame is a period in which the
embedded touch screen 100 displays an image, and is also a
writing period in which the video display circuit 23 writes a
video signal. In the display sub-frame, a scanning signal line
drive signal Vscanl that is a pulse signal for each one row of
pixels is sequentially input from the scanning signal line drive
circuit 19 (see FIG. 3), and a video signal Vimage is written
into the pixel electrode 15. Further, a backlight drive signal
Vlight is in an ON state, and thus the backlight unit 5 is turned
ON. At this time, a contact detection scanning signal Vscan2
from the scanning circuit 35 and an alternating signal Valt
from the application circuit 21 are not supplied.

[0110] Note that, it is unimportant to describe the detailed
operation of the embedded touch screen 100 as the liquid
crystal display device for describing the present invention,
and hence the waveforms of the operation signals in the
above-mentioned display sub-frame are simplified. Descrip-
tion is made above as if the video signal Vimage is written and
the backlight unit 5 is turned ON during the entire period of
the display sub-frame. However, for realizing the embedded
touch screen 100, the period for writing the video signal
Vimage may be a part of the period of the display sub-frame,
and further, the backlight unit 5 may be entirely or partially
turned OFF in a period in which the video signal Vimage is
written.

[0111] Thecontact detection sub-frameis a period in which
the embedded touch screen 100 performs contact detection
and coordinate detection, and is also a detection period in
which application by the application circuit 21 and detection
by the detection circuit 22 are performed. In the contact
detection sub-frame, supply of the scanning signal line drive
signal Vscan1 and the video signal Vimage is stopped, and the
alternating signal Valt is supplied to the excitation electrode
EX. By stopping the supply of the scanning signal line drive
signal Vscanl and the video signal Vimage during the contact
detection sub-frame, it is possible to prevent electromagnetic
noises from those signals from affecting contact detection
and coordinate detection.
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[0112] As described above, the alternating signal Valt is
desired to have a frequency at which the liquid crystal does
not respond, and the frequency is set to 1 kHz or larger, more
preferably 10 kHz or larger. On the other hand, in this
embodiment, the signal is detected via the TFT 14, and hence
the excitation frequency is required to be sufficiently smaller
than the cutoff frequency of the TFT 14. The cutoff frequency
depends on the type and size of the TFT to be used, and the
upper limit of the frequency of Valt differs depending on the
design, but in a case of a MOS type TFT generally used at
present time, it is preferred that the upper limit of the fre-
quency of Valt be about 100 kHz or smaller in a case of an
amorphous silicon TFT that is widely used in a large-sized
television set, and about 10 MHz or smaller in a case of a
polysilicon TFT that is used in a small-sized display used in
mobile devices and the like.

[0113] Further, the contact detection scanning signal
Vscan2 that is a pulse signal for each scanning unit is sequen-
tially input, and thus the entire embedded touch screen 100 is
scanned in the second direction. Further, at this time, the
backlight drive signal Vlight is set in an OFF state so that the
backlight unit 5 is turned OFF.

[0114] Thereasonis as follows. When the contact detection
scanning signal Vscan2 is input, the pixel electrodes 15
included in the scanning unit are short-circuited, and hence
the image to be displayed on the embedded touch screen 100
is disturbed. By turning OFF the backlight unit 5, it is possible
to prevent deterioration of image caused by the short-circuit.
Note that, instead of turning OFF the backlight unit 5, a
voltage for black display can be written into the pixel elec-
trode 15 so that a signal for black display is held in the pixel
electrode 15.

[0115] Alternatively, in the contact detection sub-frame,
the pixel electrode 15 may hold the video signal Vimage and
a signal excited by the alternating signal Valt may be super-
imposed to the pixel electrode 15 so that the display of the
image is maintained in the contact detection sub-frame as
well. In this case, a little ingenuity is required in the circuit,
but, in FIG. 9, it is preferred that the detection circuit 22 and
the individual pixel electrodes 15 included in the detection
electrode RC be connected to each other via a high-pass filter.
Itis preferred to set the cutoff frequency of the high-pass filter
so as to have a value that allows passage of the alternating
signal Valt but prevents passage of the video signal Vimage. In
this case, the backlight unit 5 is not always required to be
turned OFF in the contact detection sub-frame.

[0116] Various modifications can be made to the embodi-
ment described above. In the following, such a modified
example is described.

[0117] First, in the embodiment described above, the video
signal shielding electrodes 26 are used as the excitation elec-
trode EX, and the pixel electrodes 15 are used as the detection
electrode RC. However, various electrodes may be used as the
excitation electrode EX and the detection electrode RC, and
this setting may be changed. Specifically, as each of the
excitation electrode EX and the detection electrode RC, at
least one of the pixel electrode 15, the common electrode 16,
the video signal line 25, and the video signal shielding elec-
trode 26 may be used.

Embodiment 2

[0118] FIG. 11 is a view schematically illustrating an over-
all configuration of an embedded touch screen 200 according
to Embodiment 2 of the present invention for contact detec-
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tion and coordinate detection. Note that, detailed structures of
the embedded touch screen 200 other than those illustrated in
FIG. 11 are similar to those in the embedded touch screen 100
according to Embodiment 1 described above, and hence
redundant description thereof is omitted.

[0119] The embedded touch screen 200 uses the video sig-
nal shielding electrodes 26 as the detection electrode RC, and
uses the pixel electrodes 15 as the excitation electrode EX.
Therefore, the application circuit 21 is connected to the video
signal lines 25 connected to the respective pixel electrodes 15,
and the detection circuit 22 is connected to the video signal
shielding electrodes 26. Further, the scanning circuit 35 scans
the pixel electrodes 15 for each of the scanning units, and
hence in this embodiment, the excitation electrodes EX are
scanned in the second direction. Even with such a configura-
tion, just the same as the embodiment described above, the
contact position in the first direction is detected based on the
position of the amplifier 11 at which the signal change has
been detected, and further the contact position in the second
direction is detected based on the timing at which the signal
change has been detected. With both of those detections,
contact detection and coordinate detection are performed.
Note that, also in FIG. 11, the excitation electrode EX is
illustrated with hatching, and further, the scanning unit in
which the TFT 14 is turned ON by the scanning circuit 35 (as
an example, the fifth scanning unit from the top) is illustrated
as black parts.

[0120] Further, FIG. 5 illustrates the case where the com-
mon electrodes 16 adjacent to each other in the first direction
are short-circuited, but alternatively, in a case of a structure in
which the common electrodes 16 adjacent to each other in the
second direction are short-circuited, in Embodiments 1 and 2,
instead of the video signal shielding electrodes 26, the com-
mon electrodes 16 may be used as the excitation electrode EX
or the detection electrode RC.

Embodiment 3

[0121] FIG. 12 is a view schematically illustrating an over-
all configuration of an embedded touch screen 300 according
to Embodiment 3 of the present invention for contact detec-
tion and coordinate detection. Note that, detailed structures of
the embedded touch screen 300 other than those illustrated in
FIG. 12 are also similar to those in the embedded touch screen
100 according to Embodiment 1 described above, and hence
redundant description thereof is omitted.

[0122] In the embedded touch screen 300, the pixel elec-
trodes 15 are used as both the excitation electrode EX and the
detection electrode RC. Therefore, the application circuit 21
is connected to the video signal lines 25 connected to the pixel
electrodes 15 to be used as the excitation electrode EX, and
the detection circuit 22 is connected to the video signal lines
25 connected to the pixel electrode 15 to be used as the
detection electrode RC. Further, the scanning circuit 35 scans
the pixel electrodes 15 for each of the scanning units, and
hence in this embodiment, both ofthe excitation electrode EX
and the detection electrode RC are scanned simultaneously in
the second direction. Even with such a configuration, just the
same as Embodiment 1, the contact position in the first direc-
tion is detected based on the position of the amplifier 11 at
which the signal change has been detected, and further the
contact position in the second direction is detected based on
the timing at which the signal change has been detected. With
both of those detections, contact detection and coordinate
detection are performed. Note that, also in FIG. 12, the exci-
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tation electrode EX is illustrated with hatching, and further,
the scanning unit in which the TFT 14 is turned ON by the
scanning circuit 35 (as an example, the fifth scanning unit
from the top) is illustrated as black parts.

Embodiment 4

[0123] FIG. 13 is a view schematically illustrating an over-
all configuration of an embedded touch screen 400 according
to Embodiment 4 of the present invention for contact detec-
tion and coordinate detection. Note that, detailed structures of
the embedded touch screen 400 other than those illustrated in
FIG. 13 are also similar to those in the embedded touch screen
100 according to Embodiment 1 described above, and hence
redundant description thereof is omitted.

[0124] Inthe embedded touch screen 400, the arrangement
direction of each of the excitation electrode EX and the detec-
tion electrode RC is the first direction, and each of the exci-
tation electrode EX and the detection electrode RC is shaped
so as to extend in the first direction. Further, the excitation
electrode EX and the detection electrode RC are alternately
arranged in the second direction. In this case, it is necessary to
use electrodes extending in the first direction as the excitation
electrode EX, and in this embodiment, the common elec-
trodes 16 are used. Further, the pixel electrodes 15 are used as
the detection electrode RC. Therefore, the application circuit
21 is connected to the common electrodes 16 used as the
excitation electrode EX. Further, the detection circuit 22 is
connected to the video signal lines 25. The video signal lines
are collected for each of necessary number of pixels in the
first direction, in this embodiment, for eight pixels, and are
connected to the amplifier 11. Further, the scanning circuit 35
is connected to the scanning signal lines 24 connected to the
pixel electrodes 15 used as the detection electrode RC, and
scans the detection electrodes RC in the second direction for
each of the scanning units.

[0125] Even with such a configuration, just the same as
Embodiment 1, the contact position in the first direction is
detected based on the position of the amplifier 11 at which the
signal change has been detected, and further the contact posi-
tion in the second direction is detected based on the timing at
which the signal change has been detected. With both ofthose
detections, contact detection and coordinate detection are
performed. Note that, also in FIG. 13, the excitation electrode
EX is illustrated with hatching, and further, the scanning unit
in which the TFT 14 is turned ON by the scanning circuit 35
(as an example, the fourth scanning unit from the top) is
illustrated as a black part.

[0126] Further, as described in Embodiment 2 in contrast to
Embodiment 1, the excitation electrode EX and the detection
electrode RC in this embodiment may be replaced with each
other.

Embodiment 5

[0127] FIG. 14 is a view schematically illustrating an over-
all configuration of an embedded touch screen 500 according
to Embodiment 5 of the present invention for contact detec-
tion and coordinate detection. Note that, detailed structures of
the embedded touch screen 500 other than those illustrated in
FIG. 14 are also similar to those in the embedded touch screen
100 according to Embodiment 1 described above, and hence
redundant description thereof is omitted.

[0128] Inthe embedded touch screen 500, the arrangement
and configuration of the excitation electrode EX and the
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detection electrode RC, and the arrangement and configura-
tion of the application circuit 21 are the same as those in
Embodiment 1. The configuration of the detection circuit 22
is different from that in Embodiment 1, and the amplifier 11 is
connected to the respective detection electrodes RC via a
second scanning circuit 36. Further, the number of the ampli-
fiers 11 is only one in this embodiment, and is smaller than the
number of the detection electrodes RC.

[0129] In this embodiment, the detection electrode RC is
time-divided also in the first direction. Thus, from the timing
at which the contact detection is performed, coordinate detec-
tion is performed not only in the second direction but also in
the first direction. That is, the second scanning circuit 36
sequentially connects the amplifier 11 and the detection elec-
trodes RC to scan the detection electrodes RC in the first
direction. During the scanning performed by the second scan-
ning circuit, one of the detection electrodes RC is connected
to the amplifier 11.

[0130] Further, simultaneously, the scanning circuit 35 per-
forms scanning in the second direction. The order of the
scanning performed by the second scanning circuit 36 in the
first direction and the scanning performed by the scanning
circuit 35 in the second direction is not limited, but in this
embodiment, under a state in which a specific scanning unit is
selected by the scanning circuit 35 in the second direction, a
sequence of scanning is performed by the second scanning
circuit 36 in the first direction. Then, the scanning circuit 35
selects a new scanning unit, and a sequence of scanning is
performed by the second scanning circuit 36 in the first direc-
tion again. This operation is repeated to scan the entire image
region. In this manner, based on the timing at which the
change of the signal from the amplifier 11 has been detected,
contact positions both in the first direction and the second
direction are detected, thereby performing contact detection
and coordinate detection.

[0131] In this configuration, the scanning in the first direc-
tion is repeated, and hence as compared to Embodiment 1, the
time taken for contact detection and coordinate detection
becomes longer. However, in this embodiment, the amplifier
11 is provided in a small number of merely one, and further,
the number of signal lines is also small. Thus, the circuit scale
of the digital signal processing circuit 34 is reduced, and the
detection circuit 22 becomes simple and compact.

[0132] Note that, also in FIG. 14, the excitation electrode
EX is illustrated with hatching, and further, the scanning unit
in which the TFT 14 is turned ON by the scanning circuit 35
(as an example, the fifth scanning unit from the top) is illus-
trated as black parts. Further, the configuration in which the
detection circuit 22 includes the second scanning circuit 36 as
in this embodiment may be applied not only to Embodiment
1 but also to Embodiments 2 to 4 and Embodiments 6 to 9 to
be described later.

Embodiment 6

[0133] FIG. 15is a view schematically illustrating an over-
all configuration of an embedded touch screen 600 according
to Embodiment 6 of the present invention for contact detec-
tion and coordinate detection. Note that, detailed structures of
the embedded touch screen 600 other than those illustrated in
FIG. 15 are also similar to those in the embedded touch screen
100 according to Embodiment 1 described above, and hence
redundant description thereof is omitted.
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[0134] Inthe embedded touch screen 600, the arrangement
and configuration of the excitation electrode EX and the
detection electrode RC are the same as those in Embodiment
1

[0135] The application circuit 21 includes, in addition to
the alternating power source 10, a second alternating power
source 33, and the alternating signal from the alternating
power source 10 is applied to the alternate excitation elec-
trodes EX in the first direction. An alternating signal from the
second alternating power source 33 is applied to the remain-
ing excitation electrodes EX. That is, when focusing on only
the excitation electrodes EX, along the first direction, the
alternating signal from the alternating power source 10 and
the alternating signal from the second alternating power
source 33 are alternately applied.

[0136] In this case, the alternating signal output from the
second alternating power source 33 is a signal having a phase
that is reversed by 180° with respect to the alternating signal
output from the alternating power source 10. Therefore, when
focusing on one of the detection electrodes RC, the alternat-
ing signal output from the alternating power source 10 is
applied to one of the excitation electrodes EX adjacent to the
corresponding detection electrode RC, while the alternating
signal having a phase that is reversed by 180° with respect
thereto is output from the second alternating power source 33
to be applied to the other of the excitation electrodes EX,
which is located on the opposite side.

[0137] With this configuration, under a state in which noth-
ing is brought into contact with the surface of the embedded
touch screen 600, an alternating electric field excited by the
alternating signal output from the alternating power source 10
and an alternating electric field excited by the alternating
signal having a phase that is reversed by 180° with respect
thereto act on the detection electrodes RC. Thus, both of the
alternating electric fields are balanced to be cancelled, and
hence almost no signal is detected. In contrast, when a finger
or the like is brought into contact with the surface of the
embedded touch screen 600, this balance is disturbed, and
thus the detection electrode RC detects a signal. Even with
such a configuration, the sensitivity and accuracy of contact
detection can be enhanced.

[0138] Note that, FIG. 15 illustrates the second alternating
power source 33 as if the second alternating power source 33
is provided separately from the alternating power source 10,
but the present invention is not always limited thereto. That is,
a part of the alternating power source 10 may be used as the
second alternating power source 33, or a part of the second
alternating power source 33 may be used as the alternating
power source 10. For example, a phase reversing circuit may
be connected to the alternating power source 10, to thereby
obtain the alternating signal having a phase that is reversed by
180° withrespect to the alternating signal from the alternating
power source 10. In this case, the second alternating power
source 33 includes the alternating power source 10 and the
phase reversing circuit. Further, also in FIG. 15, the excitation
electrode EX is illustrated with hatching, and further, the
scanning unit in which the TFT 14 is turned ON by the
scanning circuit 35 (as an example, the fifth scanning unit
from the top) is illustrated as black parts. Further, the con-
figuration in which the alternating signal having a phase that
is reversed by 180° with respect to the alternating signal
applied to one of the excitation electrodes EX adjacent to the
detection electrode RC is applied to the other of the excitation
electrodes EX adjacent to the detection electrode RC as in this
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embodiment may be applied not only to Embodiment 1 but
also to Embodiments 2 to 5 and Embodiments 7 to 9 to be
described later.

Embodiment 7

[0139] FIG. 16is a view schematically illustrating an over-
all configuration of an embedded touch screen 700 according
to Embodiment 7 of the present invention for contact detec-
tion and coordinate detection. Note that, detailed structures of
the embedded touch screen 700 other than those illustrated in
FIG. 16 are also similar to those in the embedded touch screen
100 according to Embodiment 1 described above, and hence
redundant description thereof is omitted.

[0140] Inthe embedded touch screen 700, the arrangement
and configuration of the excitation electrode EX and the
arrangement and configuration of the application circuit 21
are the same as those in Embodiment 1. Further, the detection
electrode includes a first detection electrode RC1 arranged
along the first direction and a second detection electrode RC2
arranged along the second direction. In this case, as described
above, the excitation electrode EX is obtained by collecting a
plurality of video signal shielding electrodes 26, and is
arranged along the second direction. Further, the first detec-
tion electrode RC1 is obtained by collecting a plurality of
common electrodes 16, and is arranged along the first direc-
tion. Further, the second detection electrode RC2 is obtained
by collecting a plurality of pixel electrodes 15, and is
arranged along the second direction. The excitation elec-
trodes EX are arranged with clearances provided in the first
direction, and each of those clearances extends in the second
direction, and the second detection electrode RC2 is arranged
at a position overlapping with the clearance between the
adjacent excitation electrodes EX. As a result, the excitation
electrode EX and the second detection electrode RC2 are
arranged adjacent to each other without overlapping with
each other. On the other hand, the first detection electrode
RC1 partially overlaps with the excitation electrode EX and
the second detection electrode RC2.

[0141] Further, the detection circuit 22 includes a plurality
of amplifiers 11, and each of the amplifiers 11 is connected to
corresponding one of the first detection electrodes RC1 and
corresponding one of the second detection electrodes RC2.
[0142] With such a configuration, without performing
scanning at all, the coordinates of the contact position can be
immediately specified based on the positions of the amplifiers
11 at which the signal change has been detected. For example,
when the signal change is detected by the fourth amplifier 11
from the left among the amplifiers 11 arranged in the first
direction and by the fourth amplifier 11 from the top among
the amplifiers 11 arranged in the second direction, it is speci-
fied that contact has been made at a position illustrated as a
black part in FIG. 16. Thus, with this configuration, contact
detection and coordinate detection can be performed in a
short period of time, or an integration time for detection can
be taken long. Therefore, resistance with respect to noise can
be enhanced.

[0143] As a matter of course, even when the number of the
amplifiers 11 and the circuit scale of the digital signal pro-
cessing circuit 34 are reduced with use of the second scanning
circuit 36 (see FIG. 14) as described in Embodiment 5, there
is no obstacle in performing contact detection and coordinate
detection.

[0144] Further, the arrangement direction of the excitation
electrode EX in this embodiment is merely an example, and
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instead of the second direction, the first direction may be set
as the arrangement direction. In this case, for example, the
common electrodes 16 may be used as the excitation elec-
trode EX, and the first detection electrode RC1 is arranged at
the position overlapping with the clearance between the exci-
tation electrodes EX.

[0145] Note that, also in FIG. 16, the excitation electrode
EX is illustrated with hatching.

[0146] By the way, in Embodiment 7, the excitation elec-
trode EX and the first detection electrode RC1 are partially
overlapped with each other. Therefore, the alternating electric
field directed from the excitation electrode EX toward the first
detection electrode RC1 concentrates at the overlapping part,
and is less likely to protrude from the embedded touch screen
700 on the front surface side, which may cause reduction in
sensitivity in contact detection and coordinate detection.

Embodiment 8

[0147] FIG. 17 is a view schematically illustrating an over-
all configuration of an embedded touch screen 800 according
to Embodiment 8 of the present invention for contact detec-
tion and coordinate detection, which solves the above-men-
tioned problem. Note that, detailed structures of the embed-
ded touch screen 800 other than those illustrated in FIG. 17
are also similar to those in the embedded touch screen 100
according to Embodiment 1 described above, and hence over-
lapping description thereof is omitted.

[0148] In the embedded touch screen 800, the excitation
electrode EX is obtained by collecting a plurality of pixel
electrodes 15, and is arranged along the second direction.
Further, the first detection electrode RC1 arranged along the
first direction is obtained by collecting a plurality of common
electrodes 16, and the second detection electrode RC2 is
obtained by collecting a plurality of video signal shielding
electrodes 26.

[0149] Further, the detection circuit 22 includes a plurality
ofamplifiers 11, and each of the amplifiers 11 is connected to
corresponding one of the first detection electrodes RC1 and
corresponding one of the second detection electrodes RC2.
[0150] In this case, a circuit (not shown) is used to supply
signals to, among the scanning signal lines 24 driving the
TFTs 14 connected to the pixel electrodes 15, only scanning
signal lines 24 which are connected to the pixels that do not
overlap with the first detection electrodes RC1, to thereby
turn ON the TFTs 14. As a result, as illustrated in FIG. 17 as
black parts, only regions present in matrix provided sepa-
rately in both the first direction and the second direction
function as the excitation electrodes EX. As a result, both of
the first detection electrode RC1 and the second detection
electrode RC2 are each arranged at the position overlapping
with the clearance between the excitation electrodes EX.
Therefore, both of the first detection electrode RC1 and the
second detection electrode RC2 are each arranged adjacent to
the excitation electrode EX without overlapping with the
excitation electrode EX.

[0151] With this, both of the alternating electric field
directed from the excitation electrode EX to the first detection
electrode RC1 and the alternating electric field directed from
the excitation electrode EX to the second detection electrode
RC2 protrude from the embedded touch screen 700 on the
front surface side, and hence contact detection can be per-
formed with good sensitivity.

[0152] Note that, the remaining points in this embodiment
are the same as those in Embodiment 7 described above.
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Embodiment 9

[0153] FIG. 18 is a view schematically illustrating an over-
all configuration of an embedded touch screen 900 according
to Embodiment 9 of the present invention for contact detec-
tion and coordinate detection. Note that, detailed structures of
the embedded touch screen 900 other than those illustrated in
FIG. 18 are also similar to those in the embedded touch screen
100 according to Embodiment 1 described above, and hence
redundant description thereof is omitted.

[0154] In the embedded touch screen 900, the excitation
electrode includes a first excitation electrode EX1 arranged
along the first direction and a second excitation electrode EX2
arranged along the second direction. Further, the detection
electrode includes the first detection electrode RC1 arranged
along the first direction and the second detection electrode
RC2 arranged along the second direction. Further, the first
excitation electrode EX1 and the first detection electrode
RC1 are arranged adjacent to each other alternately in the
second direction, and the second excitation electrode EX2
and the second detection electrode RC2 are arranged adjacent
to each other alternately in the first direction. Specifically, in
this embodiment, each of the first detection electrode RC1
and the first detection electrode RC1 is obtained by collecting
a plurality of common electrodes 16, and each of the second
excitation electrode EX2 and the second detection electrode
RC2 is obtained by collecting a plurality of video signal
shielding electrodes 26. As a matter of course, the electrodes
to be used may be changed to other electrodes.

[0155] The application circuit 21 is configured to input the
alternating signal from the alternating power source 10 to the
first excitation electrode EX1 or the second excitation elec-
trode EX2 via a change-over switch 37. With the control of
the change-over switch 37, the alternating signal is applied
only to one of the first excitation electrode EX1 and the
second excitation electrode EX2. The configuration of the
detection circuit 22 is the same as that in Embodiment 7
described above.

[0156] Contact detection and coordinate detection are per-
formed at two stages in this embodiment. That is, first, by
setting the change-over switch 37 at a first position, the appli-
cation circuit 21 applies the alternating signal only to the first
excitation electrode EX1. At this time, only the first detection
electrode RC1 is used as the detection electrode, and the
detection circuit 22 detects presence/absence of change in
output of the amplifiers 11 arranged in the second direction in
FIG. 18. As aresult, contact position is detected in the second
direction.

[0157] Subsequently, by setting the change-over switch 37
at a second position, the application circuit 21 applies the
alternating signal only to the second excitation electrode
EX2. At this time, only the second detection electrode RC2 is
used as the detection electrode. As a result, contact position is
detected in the first direction.

[0158] Further, from the detection result in the first direc-
tion and the detection result in the second direction, contact
position is specified in both directions. Thus, contact detec-
tion and coordinate detection are performed.

[0159] As described above, in this embodiment, contact
position in the first direction and contact position in the sec-
ond direction are detected separately in a time-divided man-
ner. Even in this case, the alternating signal applied by the
alternating power source 10 is a high-frequency wave and the
detection of the contact position itself is performed instanta-
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neously, and hence there is no particular problem in detection
of physical contact, particularly detection of operation by
human.

[0160] Note that, the specific configurations embodied in
the respective embodiments described above are merely
examples for describing the present invention, and such spe-
cific configurations do not limit the technical scope of the
present invention. A person skilled in the art can appropriately
modify or optimize the contents disclosed in the respective
embodiments. For example, arrangement positions, numbers,
and shapes of the respective members may be arbitrarily
changed as necessary.

[0161] In other words, while there have been described
what are at present considered to be certain embodiments of
the invention, it will be understood that various modifications
may be made thereto, and it is intended that the appended
claims cover all such modifications as fall within the true
spirit and scope of the invention.

What is claimed is:

1. An embedded touch screen, comprising:

a first substrate;

a second substrate comprising, on a front surface thereof:
a plurality of scanning signal lines extending in a first

direction;

a plurality of video signal lines extending in a second
direction;

a plurality of pixels sectioned by the plurality of scan-
ning signal lines and the plurality of video signal lines
in matrix being arranged in an image region and each
comprising a pixel electrode connected to corre-
sponding one of the plurality of video signal lines via
the switching element connected to corresponding
one of the plurality of scanning signal lines; and

a common electrode;

a liquid crystal layer sandwiched between the first sub-
strate and the second substrate;

an application circuit for applying an alternating signal to a
plurality of excitation electrodes each arranged along
one of the first direction and the second direction;

a detection circuit for detecting a signal excited on a plu-
rality of detection electrodes each arranged adjacent to
each of the plurality of excitation electrodes; and

a scanning circuit for scanning, during application by the
application circuit and detection by the detection circuit,
at least one of the plurality of excitation electrodes and
the plurality of detection electrodes at least in the second
direction.

2. The embedded touch screen according to claim 1,
wherein the plurality of excitation electrodes and the plurality
of detection electrodes each comprise at least one of the pixel
electrode, the common electrode, each of the plurality of
video signal lines, and a video signal shielding electrode
provided in parallel to the each of the plurality of video signal
lines in an overlapping manner.

3. The embedded touch screen according to claim 1,
wherein, during the application by the application circuit and
the detection by the detection circuit, the detection circuit
simultaneously detects the signals excited on the plurality of
detection electrodes in the second direction.

4. The embedded touch screen according to claim 1,
wherein, during the application by the application circuit and
the detection by the detection circuit, the detection circuit
detects the signals excited on the plurality of detection elec-
trodes through the scanning in the second direction.
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5. The embedded touch screen according to claim 1,

wherein the plurality of excitation electrodes and the plu-

rality of detection electrodes each cross a part of the
plurality of pixels in a width direction orthogonal to an
arrangement direction thereof.

6. The embedded touch screen according to claim 5,
wherein a pitch between corresponding one of the plurality of
excitation electrodes and corresponding one of the plurality
of detection electrodes, which are adjacent to each other, is
larger than a distance between a front surface of the first
substrate and the front surface of the second substrate.

7. The embedded touch screen according to claim 1,
wherein the application circuit applies an alternating signal,
which has a phase reversed by 180° with respect to an alter-
nating signal applied to one of excitation electrodes adjacent
to corresponding one of the plurality of detection electrodes,
to another of the excitation electrodes adjacent to the corre-
sponding one of the plurality of detection electrodes.

8. The embedded touch screen according to claim 1,
wherein the detection circuit obtains a difference between the
signal excited by the corresponding one of the plurality of
detection electrodes and an alternating signal in the same
phase as the alternating signal applied by the application
circuit.

9. An embedded touch screen, comprising:

a first substrate;

a second substrate comprising, on a front surface thereof:

a plurality of scanning signal lines extending in a first
direction;

a plurality of video signal lines extending in a second
direction;

a plurality of pixels sectioned by the plurality of scan-
ning signal lines and the plurality of video signal lines
in matrix being arranged in an image region and each
comprising a pixel electrode connected to corre-
sponding one of the plurality of video signal lines via
a switching element connected to corresponding one
of the plurality of scanning signal lines; and

a common electrode;

a liquid crystal layer sandwiched between the first sub-

strate and the second substrate;

an application circuit for applying an alternating signal to

corresponding one of'a plurality of excitation electrodes;

and

a detection circuit for detecting a signal excited on a plu-

rality of first detection electrodes each arranged along

the first direction, and for detecting a signal excited on a

plurality of second detection electrodes each arranged

along the second direction.

10. The embedded touch screen according to claim 9,

wherein adjacent two of the plurality of excitation elec-

trodes has a clearance therebetween, the clearance
extending in at least one of the first direction and the
second direction, and

wherein at least one of each of the plurality of first detec-

tion electrodes and each of the plurality of second detec-

tion electrodes is arranged at a position overlapping with
the clearance in plan view.

11. The embedded touch screen according to claim 9,

wherein the plurality of excitation electrodes comprise:

a plurality of first excitation electrodes each arranged
along the first direction; and

aplurality of second excitation electrodes each arranged
along the second direction, and
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wherein the plurality of first detection electrodes are each
arranged adjacent to each of the plurality of first excita-
tion electrodes, and the plurality of second detection
electrodes are each arranged adjacent to each of the
plurality of second excitation electrodes.

12. The embedded touch screen according to claim 9,
wherein the plurality of excitation electrodes, the plurality of
first detection electrodes, and the plurality of second detec-
tion electrodes each comprise at least one of the pixel elec-
trode, the common electrode, each of the plurality of video
signal lines, and a video signal shielding electrode provided
in parallel to the each of the plurality of video signal lines in
an overlapping manner.

13. The embedded touch screen according to claim 9,
wherein, during application by the application circuit and
detection by the detection circuit, the detection circuit simul-
taneously detects the signals excited on the plurality of first
detection electrodes in the second direction, and simulta-
neously detects the signals excited on the plurality of second
detection electrodes in the first direction.

14. The embedded touch screen according to claim 9,
wherein, during application by the application circuit and
detection by the detection circuit, the detection circuit detects
the signals excited on the plurality of first detection electrodes
through scanning in the second direction, and detects the
signals excited on the plurality of second detection electrodes
through scanning in the first direction.

15. The embedded touch screen according to claim 9,

wherein the plurality of excitation electrodes, the plurality

of first detection electrodes, and the plurality of second
detection electrodes each cross a part of the plurality of
pixels in a width direction orthogonal to an arrangement
direction thereof.

16. The embedded touch screen according to claim 15,
wherein a pitch between corresponding one of the plurality of
excitation electrodes and corresponding one of the plurality
of first detection electrodes, which are adjacent to each other,
and a pitch between corresponding one of the plurality of
excitation electrodes and corresponding one of the plurality
of second detection electrodes, which are adjacent to each
other, are larger than a distance between a front surface of the
first substrate and the front surface of the second substrate.

17. The embedded touch screen according to claim 9,

wherein the application circuit applies an alternating sig-

nal, which has a phase reversed by 180° with respect to
an alternating signal applied to one of excitation elec-
trodes adjacent to corresponding one of the plurality of
first detection electrodes, to another of the excitation

14
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electrodes adjacent to the corresponding one of the plu-
rality of first detection electrodes, and

wherein the application circuit applies an alternating sig-

nal, which has a phase reversed by 180° with respect to
an alternating signal applied to one of excitation elec-
trodes adjacent to corresponding one of the plurality of
second detection electrodes, to another of the excitation
electrodes adjacent to the corresponding one of the plu-
rality of second detection electrodes.

18. The embedded touch screen according to claim 9,
wherein the detection circuit obtains a difference between the
signals excited on the plurality of first detection electrodes
and an alternating signal having the same phase as the alter-
nating signal applied by the application circuit, and obtains a
difference between the signals excited on the plurality of
second detection electrodes and the alternating signal having
the same phase as the alternating signal applied by the appli-
cation circuit.

19. The embedded touch screen according to claim 1, fur-
ther comprising a video display circuit for writing a video
signal into the pixel electrode,

wherein the video signal is updated in a period correspond-

ing to a frame, the frame including:

awriting period in which the video display circuit writes
the video signal; and

a detection period in which the application by the appli-
cation circuit and the detection by the detection circuit
are performed, and

wherein, during the detection period, one of causing the

pixel electrode to hold a signal for black display and
turning OFF a backlight unit is performed.

20. The embedded touch screen according to claim 1, fur-
ther comprising a video display circuit for writing a video
signal into the pixel electrode,

wherein the video signal is updated in a period correspond-

ing to a frame, the frame including:

awriting period in which the video display circuit writes
the video signal; and

a detection period in which the application by the appli-
cation circuit and the detection by the detection circuit
are performed, and

wherein, during the detection period, the pixel electrode

holds the video signal, and one of the alternating signal
applied by the application circuit and a signal excited by
the alternating signal is superimposed to the pixel elec-
trode.
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