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DRIVE CIRCUIT OF DISPLAY DEVICE,
DISPLAY DEVICE, AND METHOD OF
DRIVING DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a drive circuit of a
display device, a display device, and a method of driving a
display device. Especially, the present invention relates to a
technology related to drive signals supplied to a touch panel
and a parallax barrier in a display device including the touch
panel and the parallax barrier.

BACKGROUND ART

[0002] A display device including a display panel such as a
liquid crystal panel is used for a portable terminal device such
as a mobile phone and PDA or an electronic device such as a
computer and a television. A parallax barrier is applied to
such a display device to display a stereoscopic image. Using
a parallax barrier, each of a left eye and a right eye sees a
different image and human beings sense a stereoscopic image
due to binocular parallax.

[0003] Patent Document 1 discloses one example of such a
display device having a function of displaying stereoscopic
images.

[0004] Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2004-272354

Problem to be Solved by the Invention

[0005] The display device disclosed in Patent Document 1
includes a touch panel, a display panel such as a liquid crystal
panel and a layer of switching liquid crystal (parallax barrier).
Pixels for a right eye and pixels for a left eye are displayed on
the display panel, and an observer can see the pixels for a right
eye with his/her right eye and see the pixels for a left eye with
his/her left eye through slits formed in the layer of switching
liquid crystal. Accordingly, the observer can see a stereo-
scopic image caused by the binocular parallax.

[0006] Thenumber of components is increased and a thick-
ness and a weight of a whole device are also increased in the
display device that displays stereoscopic images compared to
a display device that displays only two-dimensional images.
The display device including an input device such as a touch
panel is further increased in its thickness and weight. The
display device including a touch panel and having the func-
tion of displaying stereoscopic images is required to be
reduced in thickness and weight. To achieve this, the touch
panel and the parallax barrier may be commonly and inte-
grally formed on one common board, and electrodes are
mounted on the common board and the touch panel drive
signals and the switching liquid crystal drive signals are sup-
plied to the electrodes. In such a configuration, it is desired
that the touch panel drive signals and the switching liquid
crystal drive signals are supplied to the common board effec-
tively.

DISCLOSURE OF THE PRESENT INVENTION

[0007] The present invention was accomplished in view of
the foregoing circumstances. An object of the present inven-
tion is to provide a technology that provides a common board
to which a touch panel drive signal and a switching liquid
crystal drive signal are effectively supplied.
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Means for Solving the Problem

[0008] To solve the above problem, a drive circuit of a
display device according to the present technology drives the
display device including a display panel, a touch panel pro-
vided on a display surface side of the display panel, and a
parallax barrier configured with a switching liquid crystal
panel that enables three-dimensional display. The display
device includes a common board that is commonly used as a
base board of the touch panel and one of two base boards of
the switching liquid crystal panel, and further includes a
plurality of electrodes used for the touch panel and the switch-
ing liquid crystal panel. The drive circuit is configured to
apply a synthesized signal to some of the electrodes, and the
synthesized signal is configured by synthesizing a touch
panel drive signal and a switching liquid crystal drive signal.
[0009] With this configuration, the synthesized signal that
is configured by synthesizing the touch panel drive signal and
the switching liquid crystal drive signal is applied to some of
the plurality of electrodes provided on the common board.
According to a selection signal, the drive signal is switched
between the touch panel drive signal and the switching liquid
crystal drive signal and sent to a common electrode. There-
fore, the touch panel drive signal and the switching liquid
crystal drive signal are effectively sent to the common board.
[0010] In the above configuration, the synthesized signal
may be configured by combining the touch panel drive signal
and the switching liquid crystal drive signal.

[0011] The touch panel drive signal may include an active
period and a non-active period, and a level of the touch panel
drive signal during the non-active period may be switched
alternately between a high level and a low level every non-
active period to generate the synthesized signal.

[0012] The synthesized signal may include the touch panel
drive signal and the switching liquid crystal drive signal that
are switched therebetween with time-sharing. When the
touch panel drive signal and the switching liquid crystal drive
signal are switched therebetween with time-sharing, the syn-
thesized signal may have a signal level set to a predetermined
one of a high level or a low level just before starting of the
touch panel drive signal.

[0013] The drive circuit may further include a synthesized
signal generator configured to generate the synthesized sig-
nal.

[0014] The switching liquid crystal drive signal may have a
pair of rectangular waveforms each of which has a same
amplitude and an opposite phase.

[0015] A drive circuit of a display device of the present
technology drives a display device including a display panel,
atouch panel provided on a display surface side of the display
panel, and a parallax barrier configured with a switching
liquid crystal panel that enables three-dimensional display.
The display device includes a common board that is com-
monly used as a base board of the touch panel and one of two
base boards of the switching liquid crystal panel, and further
includes a plurality of touch panel electrodes and a plurality
of switching liquid crystal electrodes provided on a same
plane surface of the common board. The drive circuit is con-
figured to apply a touch panel drive signal to the touch panel
electrodes, and apply a switching liquid crystal drive signal to
the switching liquid crystal electrodes.

[0016] With this configuration, the touch panel drive signal
is applied to the touch panel electrodes provided on the same
plane surface of the common board and the switching liquid
crystal drive signal is sent to the switching liquid crystal
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electrodes provided on the same plane surface of the common
board. Therefore, the touch panel drive signal and the switch-
ing liquid crystal drive signal are effectively sent to the com-
mon board.

[0017] In the above configuration, the switching liquid
crystal drive signal may preferably have a positive and nega-
tive symmetrical rectangular waveform.

[0018] The touch panel may be sensed in response to the
touch panel drive signal at a sensing cycle, and the sensing
cycle may be set to be an odd multiple of a half-cycle of the
switching liquid crystal signal.

[0019] The touch panel drive signal and the switching lig-
uid crystal drive signal may be synchronous with each other.
The touch panel drive signal may be generated in response to
arising edge or a dropping edge of the switching liquid crystal
drive signal. In synchronous with starting or ending of the
touch panel drive signal, the level of the switching liquid
crystal drive signal may be switched alternately between the
high level and the low level or a polarity of the switching
liquid crystal drive signal may be reversed between a positive
polarity and a negative polarity.

[0020] The drive circuit may further include a touch panel
controller configured to generate the touch panel drive signal
for driving the touch panel and a selection signal generator
configured to generate a selection signal for switching
between the touch panel drive signal and the switching liquid
crystal drive signal. The touch panel drive signal may be
configured with a predetermined number of pulses. The com-
mon board may include a common electrode to which the
touch panel drive signal and the switching liquid crystal drive
signal are sent. The synthesized signal generator may receive
the touch panel drive signal and the switching liquid crystal
drive signal, and switch between the touch panel drive signal
and the switching liquid crystal drive signal in response to the
selection signal and generate the synthesized signal, and send
the synthesized signal to the common electrode.

[0021] The selection signal generated by the selection sig-
nal generator may switch from the switching liquid crystal
drive signal to the touch panel drive signal in response to
rising of an initial pulse included in the touch panel drive
signal, and thereafter switch from the touch panel drive signal
to the switching liquid crystal drive signal in response to
finishing of counting the predetermined pulses.

[0022] With this configuration, the selection signal is easily
generated in response to the rising of the initial pulse of the
touch panel drive signal.

[0023] The selection signal generator may generate the
selection signal based on a number of pulses of the touch
panel drive signal, a generation cycle of the touch panel drive
signal, and a number of generation times of the touch panel
drive signal every predetermined period. The selection signal
generator may generate the switching liquid crystal drive
signal based on the generated selection signal. The selection
signal generator may send the generated switching liquid
crystal drive signal to the synthesized signal generator.

[0024] With this configuration, the selection signal can be
generated separately from the touch panel drive signal, and
therefore, the touch panel drive signal is sent to the common
electrode with a complete waveform. Also, the predetermined
period may be a frame cycle, and the selection signal genera-
tor may restart generating the selection signal every frame
cycle. Accordingly, the timing of the touch panel drive signal
is precisely controlled.
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[0025] The touch panel controller may control a sensing
operation of the touch panel by a control signal, and the
selection signal generator may start generating the selection
signal in response to a vertical synchronous signal as a refer-
ence signal. The selection signal generator may generate the
selection signal based on the vertical synchronous signal, a
number of pulses of the touch panel drive signal, a generation
cycle of the touch panel drive signal, and a number of gen-
eration times of the touch panel drive signal every predeter-
mined period. The selection signal generator may send the
selection signal to the synthesized signal generator and send
the selection signal to the touch panel controller as the control
signal.

[0026] With this configuration, with control of the touch
panel controller, the switching liquid drive signal and the
touch panel drive signal that are not synchronous with each
other are precisely switched therebetween to be sent to each
common electrode. The predetermined period may be a frame
cycle.

[0027] The touch panel drive signal may have a minimum
pulse width of 100 micro seconds or less, and the switching
liquid crystal drive signal may have a pulse width of 1 milli-
seconds or more.

[0028] The touch panel drive signal may have a voltage
equal to or less than a voltage of the switching liquid crystal
drive signal.

[0029] A display device includes any one of the above
described drive circuits. The display panel may be a liquid
crystal display panel using liquid crystals.

[0030] Sucha display device is applied to various uses such
as a mobile phone, a smart phone, a portable game machine,
a notebook computer, a desktop of a personal computer or a
television device as a liquid crystal display device, and espe-
cially appropriate for a display screen of various sizes.
[0031] Inamethod of driving a display device according to
the present technology, the display device includes a display
panel, a touch panel provided on a display surface side of the
display panel, and a parallax barrier configured with a switch-
ing liquid crystal panel that enables three-dimensional dis-
play. The display device further includes a common board
that is commonly used as a base board of the touch panel and
one of two base boards of the switching liquid crystal panel
and further includes a plurality of electrodes used for the
touch panel and the switching liquid crystal panel. The
method includes synthesizing a touch panel drive signal that
drives the touch panel and a switching liquid crystal drive
signal that drives the switching liquid crystal panel to gener-
ate a synthesized signal, and applying the synthesized signal
to some of the plurality of electrodes.

[0032] With this configuration, in the synthesizing, the syn-
thesized signal is generated by combining the touch panel
drive signal and the switching liquid crystal drive signal.
Instead, in the synthesizing, the synthesized signal is gener-
ated by switching between the touch panel drive signal and
the switching liquid crystal drive signal with time-sharing.
[0033] Inamethod of driving a display device according to
the present technology, the display device includes a display
panel, a touch panel provided on a display surface side of the
display panel, and a parallax barrier configured with a switch-
ing liquid crystal panel that enables three-dimensional dis-
play. The display device further includes a common board
that is commonly used as a base board of the touch panel and
one of two base boards of the switching liquid crystal panel,
and further includes a touch panel electrode and a switching
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liquid crystal electrode provided on a same plane surface of
the common board. The method includes a first application
process in which a touch panel drive signal that drives the
touch panel is applied to the touch panel electrode, and a
second application process in which a switching liquid crystal
drive signal that drives the switching liquid crystal panel to
the switching liquid crystal electrode.

Advantageous Effect of the Invention

[0034] According to the present invention, a touch panel
drive signal and a switching liquid crystal drive signal are
effectively supplied to a common electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG.1is across-sectional view illustrating a general
construction of a display device according to a first embodi-
ment.

[0036] FIG.2isaplanview typically illustrating electrodes
mounted on a common board according to the first embodi-
ment.

[0037] FIG. 3 is a plan view typically illustrating a second
switching liquid crystal panel electrode included in the dis-
play device of FIG. 1.

[0038] FIG. 4 is a plan view typically illustrating a second
touch panel electrode.

[0039] FIG. 51is a block diagram illustrating a general con-
struction for generation of a common electrode signal accord-
ing to the first embodiment.

[0040] FIG. 6is atiming chart generally illustrating signals
of each electrode according to the first embodiment.

[0041] FIG.7isatiming chart generally illustrating a selec-
tion signal generation circuit according to the first embodi-
ment.

[0042] FIG. 8 is a timing chart generally illustrating gen-
eration of a common electrode signal according to the first
embodiment.

[0043] FIG. 9 is a block diagram generally illustrating a
construction for generation of a common electrode signal
according to a second embodiment.

[0044] FIG. 10 is a block diagram generally illustrating a
selection signal generation circuit according to a second
embodiment.

[0045] FIG. 11 is a timing chart generally illustrating gen-
eration of a common electrode signal according to the second
embodiment.

[0046] FIG. 12 is a block diagram generally illustrating a
construction for generation of a common electrode signal
according to a third embodiment.

[0047] FIG. 13 is a block diagram generally illustrating a
selection signal generation circuit according to the third
embodiment.

[0048] FIG. 14 is a timing chart generally illustrating gen-
eration of a common electrode signal according to the third
embodiment.

[0049] FIG. 15 is a plan view typically illustrating elec-
trodes mounted on a common board according to a fourth
embodiment.

[0050] FIG. 16 is a timing chart generally illustrating sig-
nals of each electrode according to the fourth embodiment.
[0051] FIG. 17 is a timing chart generally illustrating
another common electrode signal.

[0052] FIG. 18 is a timing chart generally illustrating
another switching liquid crystal drive signal.
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MODES FOR CARRYING OUT THE INVENTION

First Embodiment

[0053] A first embodiment will be explained with reference
to FIGS. 1 to 7. In the first embodiment, a liquid crystal
display device 10 (display device) will be described as an
example. The liquid crystal display device 10 is used as an
information display element included in various electronic
devices such as a portable information terminal, a mobile
phone, a notebook computer, a portable game machine (not
illustrated). An X-axis, a Y-axis and a Z-axis are described in
a part of some drawings. A long-side of the liquid crystal
display device 10 corresponds to the X-axis and a short-side
thereof corresponds to the Y-axis. The up-down direction in
FIG. 1 corresponds to the Z-axis (a front-rear direction, a
direction vertical to a screen), and an upper side in FIG. 1 is a
front-surface side and a lower side in FIG. 1 is a rear-surface
side.

[0054] 1. Configuration of Liquid Crystal Display Device
[0055] The liquid crystal display device 10 has a landscape
quadrangular shape (rectangular shape) as a whole. As illus-
trated in FIG. 1, the liquid crystal display device 10 includes
a backlight device 11, a liquid crystal panel 20 (a display
panel), a switching crystal liquid panel 3, a touch panel 50,
and a drive circuit 80 (see FIG. 5). The liquid crystal panel 20,
the switching liquid crystal panel 30 and the touch panel 50
are laminated on the backlight device 11 in this order. The
touch panel S0 and the switching liquid crystal panel 30 are
provided on a display surface side of the liquid crystal display
panel 20. The liquid crystal display panel 20, the switching
liquid crystal panel 30 and the touch panel 50 are connected to
the drive circuit 80 of the liquid crystal display device 10 via
a flexible board (not illustrated), for example.

[0056] The backlight device 11 includes a chassis and light
sources (for example, cold cathode tubes or LEDs (not illus-
trated)). The chassis is formed in substantially a box shape
having an opening that is open to a front-surface side (a liquid
crystal display panel 20 side) and the light sources, a light
guide plate, a directivity control film, a diffuser sheet, and a
reflection sheet are housed in the chassis. The backlight
device 11 exits light toward the liquid crystal display panel
20. The backlight device 11 includes an optical member (not
illustrated) that is arranged to cover the opening of the chas-
sis. The optical member converts light emitted from the light
sources to planar light.

[0057] Theliquid crystal display panel 20 includes a pair of
transparent (highly capable of light transmission) glass sub-
strates 21, 22 and a liquid crystal layer (not illustrated) con-
taining liquid crystal molecules that changes its optical prop-
erty according to impressing of an electric field. The liquid
crystal layer is provided between the pair of transparent glass
substrates 21, 22. The transparent glass substrates 21, 22 are
bonded together with a sealing agent with ensuring a gap
corresponding to a thickness of the liquid crystal layer.
[0058] The transparent glass substrate 21 that is provided
on a front-surface side (au upper side in FIG. 1) is a CF board
21 and the transparent glass substrate 22 that is provided on a
rear-surface side is a TFT board 22 (an element board). A
plurality of TFTs (thin film transistor) and pixel electrodes are
arranged on an inner surface (a surface close to the liquid
crystal layer, a surface facing the CF board 21) of the TFT
board 22 (not illustrated). The TFT is a switching component
that drives liquid crystals for every pixel. Source lines and
gate lines that are arranged in a grid pattern are provided to
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surround each of the TFTs and the pixel electrodes. The gate
lines and the source lines are connected to gate electrodes and
source electrodes of the TFTs, respectively, and the pixel
electrodes are connected to drain electrodes of the TFTs.
Each of the pixel electrodes is a transparent electrode formed
of ITO (Indium Tin Oxide) or IZO (Indium Zinc Oxide) and
the like.

[0059] Color filters having color sections such as R (red), G
(green) and B (blue) color sections arranged corresponding to
each pixel are provided on the CF board 21. A light blocking
layer (a black matrix) is formed between the color sections of
the color filter to prevent mixing of colors. Counter electrodes
are provided on surfaces of the color filter and the light
blocking layer so as to face the pixel electrodes on the TFT
board 22. An alignment film is provided on an inner surface of
each of the boards 21, 22 to arrange an alignment of liquid
crystal molecules contained in the liquid crystal layer. A
polarizing plate (not illustrated) is provided on an outer sur-
face of each board 21, 22.

[0060] The switching liquid crystal panel 30 and the touch
panel 50 are integrally provided on a front surface side (an
upper side in FIG. 1) of the liquid crystal display panel 20.
[0061] The switching liquid crystal panel 30 is arranged in
adjacent to the liquid crystal display panel 20 and capable of
switching a display mode between a two-dimensional display
mode and a three-dimensional display mode. The switching
liquid crystal panel 30 includes a transparent (capable of light
transmission) glass boards 31, 32, a liquid crystal layer (not
illustrated) that is provided between the boards 31, 32, and a
polarizing plate provided on an outer surface of the liquid
crystal layer. The glass board 32 that is provided away from
the liquid crystal display panel 20 configures a part of the
touch panel 50 and is used commonly for the switching liquid
crystal panel 30 and the touch panel 50. Therefore, the glass
board 32 is referred to as a common board.

[0062] The switching liquid crystal panel 30 includes
switching liquid crystal panel electrodes 34, 35 that apply a
voltage to the liquid crystal layer arranged between the boards
31 and 32. Each of the electrodes 34, 35 is a transparent
electrode and extends in a different direction.

[0063] The first switching liquid crystal panel electrode 34
that is provided close to the touch panel 50 and provided on
the common board 32 extends in the Y-axis direction (along
one side of the liquid crystal display device 10), as illustrated
in FIG. 2. Specifically, the first switching liquid crystal panel
electrode 34 includes a plurality pairs of comb-shaped elec-
trodes 34A, 34B that are arranged in the X-axis direction. In
this embodiment, sixteen pairs of electrodes 23A, 34B are
arranged. In one pair of the electrodes 34A, 34B, an extending
portion 34B1 (extending in the Y-axis direction) of the elec-
trode 34B is provided between extending portions 34A1 (ex-
tending in the Y-axis direction) of the electrode 34A. Each of
the electrodes 34A, 34B is configured with twenty five
extending portions 34A1, 34B1.

[0064] The first switching liquid crystal panel electrode 34
configures apart of a transparent electrode of the touch panel
50. The first switching liquid crystal panel electrode 34 is
used commonly for the switching liquid crystal panel 30 and
the touch panel 50 and may be referred to as a common
electrode 34.

[0065] As illustrated in FIG. 3, a second switching liquid
crystal panel electrode 35 that is provided on the glass board
31 and close to the liquid crystal display panel 20 extends in
the X-axis direction. Specifically, the second switching liquid
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crystal panel electrode 35 includes a plurality pairs of comb-
shaped electrodes 35A, 35B that are arranged in the X-axis
direction. In one pair of the electrodes 35A, 35B, an extend-
ing portion 35B1 (extending in the X-axis direction) of the
electrode 35B is provided between extending portions 35A1
(extending in the X-axis direction) of the electrode 35A. A
part of the pair of electrodes 35A, 35B is illustrated in FI1G. 3.
[0066] A switching liquid crystal drive signal SW that is a
parallax barrier drive signal (having a positive and negative
symmetrical rectangular waveform in this embodiment) is
applied to the electrode 34A of the electrodes 34A and 34B
included in the first switching liquid crystal panel electrode
34, and the electrode 34B and the second switching liquid
crystal panel electrodes 35A, 35B are grounded. Then, light
(that is exited from the backlight device 11 and transmitted
through the liquid crystal display panel 20) is transmitted
only through the portions of the switching liquid crystal panel
30 corresponding to the extending portions 34A1 of the elec-
trode 34A. Namely, the switching liquid crystal panel 30 is a
normally white type. Accordingly, in the liquid crystal dis-
play panel 20, one group of pixels can be seen by a right eye
and another group of pixels can be seen by a left eye. The
switching liquid crystal panel 30 functions as a parallax bar-
rier for a landscape position (a horizontal position) and this
enables three-dimensional display.

[0067] A switching liquid crystal drive signal SW (having a
positive and negative symmetrical rectangular waveform in
this embodiment) is applied to one of the electrodes 35A, 35B
of'the second switching liquid crystal display panel electrode
35, for example, the electrode 35A, and the electrode 35B and
the first switching liquid crystal panel electrodes 34A, 34B
are grounded. Then, the light (that is exited from the backlight
device 11 and transmitted through the liquid crystal display
panel 20) is transmitted only through the portions of the
switching liquid crystal panel 30 corresponding to the extend-
ing portions 35A1 of the electrode 35A. Accordingly, in the
liquid crystal display panel 20, one group of pixels can be
seen by aright eye and another group of pixels can be seen by
a left eye. The switching liquid crystal panel 30 functions as
a parallax barrier for a portrait position (a vertical position)
and this enables three-dimensional display.

[0068] In the present embodiment, the liquid crystal dis-
play device 10 includes two types of the switching liquid
crystal panel electrodes 34, 35 that extend indifferent direc-
tions. Therefore, a parallax barrier is created in the long-side
direction and the short-side direction of the liquid crystal
display device 10, and the three-dimensional display is
enabled in both cases in which the display device 10 is in the
vertical position and in the horizontal position.

[0069] Pixels for a right eye and pixels for a left eye are
displayed on the liquid crystal display panel 20. A user of the
liquid crystal display device 10 can see the right eye pixels
with his/her right eye and see the left eye pixels with his/her
left eye via the light transmission portions formed on the
switching liquid crystal panel 30. A predetermined AC volt-
age is not applied to the first switching liquid crystal panel
electrode 34 and the second switching liquid crystal panel
electrode 35, and accordingly the light transmission portions
are formed on an almost entire area of the switching liquid
crystal display panel 30. This enables the two-dimensional
display.

[0070] The AC voltage is obtained by generating a positive
and negative symmetrical rectangular waveform having
approximately +5V or generating a unipolar rectangular
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waveform with a reverse phase of approximately 0/5V. In the
first embodiment, a unipolar rectangular waveform with a
reverse phase of approximately 0/5V is preferably generated.
In this method, if an AC voltage with a same phase is applied
to each of the electrodes 34, 35 holding the switching liquid
crystal layer therebetween, any voltage is applied to the liquid
crystal layer, and if a voltage with a reverse phase is applied to
the electrodes 34, 35, an AC voltage is applied to the liquid
crystal layer and this changes transmission of the liquid crys-
tal layer.

[0071] Inthe present embodiment, a normally white mode
in which light is transmitted through the liquid crystal panel if
no AC voltage is applied to the electrodes is used as an
operation mode of the switching liquid crystal display panel
30. However, a normally black mode in which light is trans-
mitted through the switching liquid crystal panel if an AC
voltage is applied to the electrodes may be used.

[0072] The touch panel 50 includes the common board 32
and touch panel electrodes 51, 52 each of which is a trans-
parent electrode and provided on a front surface and a rear
surface of the common board 32. Specifically, the common
electrode 34 provided on the lower surface of the common
board 32 and extending in the Y-axis direction is used as the
first touch panel electrode 51. As illustrated in FIG. 4, the
second touch panel electrode 52 is provided on the upper
surface of the common board 32 and extends in the X-axis
direction (a direction perpendicular to the first touch panel
electrode 51).

[0073] Data (for example, coordinate data on the touch
panel 50) is input via the touch panel 50 according to change
in electrostatic capacity between the first touch panel elec-
trode 51 (the common electrode 34) and the second touch
panel electrode 52 that is generated by touching of the surface
of the touch panel 50 with a finger. The touch panel 50 of the
present embodiment is a touch panel of a mutual capacitance
sensing method. For example, if a user touches the touch
panel 50 with his/her finger while a touch panel drive signal
Txn configured with a certain number of (four) pulses is
sequentially applied to the first touch panel electrode 34A, an
electrostatic capacity within a detection circuit loop changes.
It is determined at which one of crossing points between the
first touch panel electrode 34A and the second touch panel
transparent electrode 52 the change in the electrostatic capac-
ity occurs. This determination is made based on a waveform
of a current that flows via the second touch panel transparent
electrode 52 and a timing of application of the touch panel
drive signal Txn.

[0074] Inthe present embodiment, the common board 32 is
used commonly in the touch panel 50 and the switching liquid
crystal panel 30. Both of the touch panel 50 and the switching
liquid crystal panel 30 require a transparent electrode extend-
ing in the Y-axis direction. Accordingly, the transparent elec-
trode (34A or 34B) extending in the Y-axis direction is com-
monly used for the both panels 30, 50.

[0075] In the common electrode 34 of the present embodi-
ment, an interval between the adjacent extending portions
34A1 (that is a minimum interval of a light blocking barrier
formed on the switching liquid crystal panel 30) is set to be
200 um. Ifthe electrode is used as the transparent electrode 51
for the touch panel 50, for example, twenty five extending
portions 34A1 are used as one set. Resolution of the touch
panel 50 in the X-axis direction is set to be 5 mm. The number
of'the extending portions 34A1 included in the one set may be
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altered if necessary, and an interval between the extending
portions 34A1 may be altered if necessary.

[0076] 2. Electric Configuration Relating to Generation of
Common Electrode Signal

[0077] Next, an electric configuration relating to genera-
tion of a common electrode signal (one of examples of a
synthesized signal) SCn supplied to the common electrode 34
will be explained with reference to FIGS. 5 to 8.

[0078] As illustrated in FIG. 5, the liquid crystal display
device 10 includes the drive circuit 80 as a circuit for gener-
ating a common electrode signal SCn. The drive circuit 80
includes a selection signal generation circuit 60, a touch panel
controller 71, a switching liquid crystal drive signal genera-
tion circuit 72, and a selector circuit (one of examples of a
synthesized signal generator) 73. The drive circuit 80 further
includes a display panel driver (not illustrated) that drives the
liquid crystal display panel 20 and a backlight driver (not
illustrated) that drives the backlight device 11.

[0079] Driving of the drive circuit 80 in the present embodi-
ment will be explained. In the present embodiment, for
example, sixteen common electrodes 34 A are arranged on the
common board 32, and common electrode signals (SC1 to
SC16) are generated corresponding to each common elec-
trode 34A.

[0080] In the present embodiment, the common electrode
signal SCn that is generated by synthesizing the touch panel
drive signal Txn and the switching liquid crystal drive signal
SW is applied to apart of the electrodes 34A, 34B that are
arranged on the lower surface of the common board 32, spe-
cifically to the electrodes 34A. In the present embodiment, all
of the sixteen electrodes 34A are used as the common elec-
trode 34A. However, this is not limited thereto. A part of the
electrodes 34A may be used as the common electrode 23A
according to the required number of switches of the touch
panel 50. For example, eight out of sixteen electrodes 34A
may be used as the common electrode 34 A and the other eight
electrodes 34 A may be used as the electrode only for output-
ting the switching liquid crystal drive signal SW.

[0081] One example of a timing chart of a signal applied to
each wiring is illustrated in FIG. 6. As illustrated in FIG. 6, in
the landscape mode, the common electrode signal SCn is
applied to the common electrode 34 A and the electrode 34B
receives the switching liquid crystal drive signal SW (here-
inafter, referred to as a reverse phase switching liquid crystal
drive signal SW-R) that has an amplitude same as the switch-
ing liquid crystal drive signal included in the common elec-
trode signal SCn and has a rectangular waveform with a
reverse phase. In this case, the switching liquid crystal drive
signal SW has a rectangular waveform with a frequency of 60
Hz and a voltage of 5V. The switching liquid drive signal SW
that is same as that applied to the electrode 34A is applied to
the electrodes 35A, 35B. In case of FIG. 6, the parallax barrier
is generated by the electrode 34B.

[0082] In the portrait mode (in the vertical position), the
common electrode signal SCn is applied to the common elec-
trode 34 A and the reverse phase switching liquid crystal drive
signal SW-R is applied to the electrode 35B. The switching
liquid crystal drive signal SW same as that applied to the
electrode 34A is applied to the electrodes 34A, 35A. In case
of FIG. 6, the parallax barrier is generated by the electrode
35B.

[0083] The touch panel controller 71 generates a touch
panel drive signal Txn at a predetermined cycle (hereinafter,
referred to as a sensing cycle TSN) and supplies the touch
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panel drive signal Txn to the selection signal generation cir-
cuit 60 and the selector circuit 73. The touch panel 50 is driven
in response to the touch panel drive signal Txn. The touch
panel controller 71 generates the touch panel drive signal Txn
including four pulses at the sensing interval TSN of substan-
tially 1 ms. The touch panel 50 is sensed in response to each
touch panel drive signal Txn at the sensing interval TSN. A
frequency of each of the pulses is from several tens KHz to
several hundreds KHz. If the frequency of each pulse is set to
a hundred KHz, a signal period (a pulse width) of each touch
panel drive signal Txn is approximately 40 pS. The touch
panel drive signal Txn is supplied to the selection signal
generation circuit 60 and the selector circuit 73 at a different
timing.

[0084] A minimum pulse width of the touch panel drive
signal Txn is preferably 100 microseconds or less. Ifthe pulse
width is greater than 100 microseconds, the timing of scan-
ning is delayed and this deteriorates response of the touch
panel 50.

[0085] A surface resistance value of an electrode material is
selected such that a time constant of the common electrode of
the switching liquid crystals is set to be a predetermined value
or less according to the minimum pulse width of the touch
panel drive signal Txn. The electrode to which only the
switching liquid crystal drive signal SW is applied can have a
time constant in a wide range. Therefore, the electrode to
which only the switching liquid crystal drive signal SW is
applied may have a surface resistance value higher than that
of the common electrode. This improves transmission and
visual quality of the panel.

[0086] A voltage of the touch panel drive signal Txn is
preferably equal to or smaller than a voltage of the switching
liquid crystal drive signal. The touch panel drive signal Txn
and the switching liquid crystal drive signal SW are synthe-
sized, and if the effective value of the touch panel drive signal
Txn s too large, the operation of the switching liquid crystals
is affected and cross talk frequently occurs between right-eye
images and left-eye images in 3D display mode. This may
deteriorate the display quality. In the present embodiment, the
voltage (an absolute value) of each of the touch panel drive
signal Txn and the switching liquid crystal drive signal is 5V.

[0087] The switching liquid crystal drive signal generation
circuit (hereinafter, referred to as a SW signal generation
circuit) 72 generates the switching liquid crystal drive signal
SW of one frame cycle and sends the switching liquid crystal
drive signal SW to the selector circuit 73. The frame fre-
quency is 60 Hz. If the frequency of the switching liquid
crystal drive signal SW is set to be equal to the frame fre-
quency, the cycle of the switching liquid crystal drive signal
SW is approximately 16.7 ms.

[0088] As illustrated in FIGS. 6 and 8, the switching liquid
crystal drive signal SW is a pulse signal having a low level of
0V and a high level of 5V. The SW signal generation circuit 72
generates the reverse phase switching liquid crystal drive
signal SW-R. The reverse switching liquid crystal drive signal
SW-R is applied to each electrode 34B. Namely, the switch-
ing liquid crystal drive signal is configured with the switching
liquid crystal drive signal SW and the reverse phase switching
liquid crystal drive signal SW-R each of which has a rectan-
gular waveform having a same amplitude and a reverse phase.
The switching liquid crystal drive signal is thus configured
such that the liquid crystals are usually driven with AC drive
to less likely to cause deterioration of the liquid crystals.
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[0089] The pulse width of the switching liquid crystal drive
signal SW is preferably 1 ms and the cycle of the switching
liquid crystal drive signal SW is preferably 2 ms or longer.
This is determined by response speed of the liquid crystals.
For example, if liquid crystals of TN method are used, the
inductivity thereof becomes negative if the drive frequency is
1 KHz or greater and the liquid crystals will not be operated.
The pulse width of the switching liquid crystal drive signal
SW is set to the above value to sufficiently ensure the opera-
tion of the liquid crystals used for the switching liquid crystal
panel 30.

[0090] Theselector circuit 73 receives the touch panel drive
signal Txn and the switching liquid crystal drive signal SW
and switches between the touch panel drive signal TX and the
switching liquid crystal drive signal SW in response to the
selection signal SEL from the selection signal generation
circuit 60 and generates the common electrode signal SCn.
The selector circuit 73 supplies the common electrode signal
SCn to the common electrode 34A.

[0091] In the present embodiment, the common electrode
signal SCn s configured with the touch panel drive signal Txn
and the switching liquid crystal drive signal SW that are
switched from each other with time-sharing. The selector
circuit 73 that generates the common electrode signals SC1 to
SC6 may be provided for each of the common electrodes
34A.

[0092] As illustrated in FIG. 7, the selection signal genera-
tion circuit 60 includes an edge detection circuit 61, a counter
62, a matching detection circuit 63, and a pulse number setter
64. The selection signal generation circuit 60 generates a
selection signal SELn that causes switching between the
touch panel drive signal Txn and the switching liquid crystal
drive signal SW. More specifically, the selection signal gen-
eration circuit 60 switches the drive signal from the switching
liquid crystal drive signal SW to the touch panel drive signal
Txn in response to rising of an initial pulse of the touch panel
drive signal Txn. Then, the selection signal generation circuit
60 generates a selection signal SELn that causes switching
from the touch panel drive signal Txn to the switching liquid
crystal drive signal SW, if the count number of pulses of the
touch panel drive signal Txn reaches a predetermined num-
ber.

[0093] Ifaninitial pulse of the touch panel drive signal Tx1
rises atatimetl in FIG. 8, the edge detection circuit 61 detects
the rising of the initial pulse and raises a level of the selection
signal SEL1 from the low level (0V) to the high level (5V).
Then, the selector circuit 73 receives the high-level selection
signal SEL.1 and switches the common electrode signal SC1
from the switching liquid crystal drive signal SW to the touch
panel drive signal Tx1. The edge detection circuit 61 sends a
signal that starts operation to the counter 62 when the initial
pulse of the touch panel drive signal Tx1 rises up.

[0094] After the counter 62 of the selection signal genera-
tion circuit 60 starts to operate, the counter 62 counts the
number of pulses of the touch panel drive signal Tx1 and
sends the counted number to the matching detection circuit
63. The matching detection circuit 63 compares the counted
number and a set value that is set to the pulse number setter 64
(a predetermined number of pulses of the touch panel drive
signal Txn). If detecting that the counted number matches the
set value (four) (at the time t2 in FIG. 8), the matching
detection circuit 63 sends a matching signal to the edge detec-
tion circuit 61.
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[0095] The edge detection circuit 61 lowers the level of the
selection signal SEL1 from the high level to the low level in
response to the matching signal. Then, the selector circuit 73
receives the low-level selection signal SEL1 and switches the
common electrode signal SC1 from the touch panel drive
signal Tx1 to the switching liquid crystal drive signal SW (see
the time t2). The common electrode signals SC2 to SC16 are
generated similarly.

[0096] Thecommon electrode signal SC1 is switched at the
time t1 and the time t2 in FIG. 8 when the switching liquid
crystal drive signal SW is at the high level. The common
electrode signal SC1 is switched at the time t3 and the time t4
in FIG. 8 when the switching liquid crystal drive signal SW is
at the low level.

[0097] In the present embodiment, the display device
includes the selection signal generation circuit 60 and the
selector circuit 73. With this configuration, the common elec-
trode signal SCn is switched between the switching liquid
crystal drive signal SW and the touch panel drive signal Txn.
Therefore, the switching liquid crystal drive signal SW and
the touch panel drive signal Txn are effectively sent to the
common electrode 34A. Using the rising of the initial pulse of
the touch panel drive signal Txn, the selection signal SELn is
easily generated.

Second Embodiment

[0098] Next, a second embodiment will be explained with
reference to FIGS. 9 to 11. In the second embodiment, a
configuration relating to the generation of the common elec-
trode signal SCn is different from that of the first embodi-
ment. Specifically, a configuration of a selection signal gen-
eration circuit 60A of a drive circuit 80A of the second
embodiment is different from that in the first embodiment.
Same numerals or symbols are applied to components of the
second embodiment same as those in the first embodiment
and the components will not be explained. Only different
features of the selection signal generation circuit will be
explained.

[0099] The selection signal generation circuit 60A of the
second embodiment generates the selection signal SELn
based on the number of pulses of the touch panel drive signal
Txn, a generation cycle of the touch panel drive signal Txn,
and the number of generation times of the touch panel drive
signal Txn in every predetermined period. The selection sig-
nal generation circuit 60A generates the switching liquid
crystal drive signal SW based on the generated selection
signal SELn and sends the generated switching liquid crystal
drive signal SW to the selector circuit 73. The predetermined
period is preferably a frame cycle and the selection signal
generation circuit 60 A restarts to generate the selection signal
SELn at every frame.

[0100] Specifically, as illustrated in FIG. 10, the selection
signal generation circuit 60A includes first to third counters
62A, 62B, 62C, first to third matching detection circuit 63,
63A, 63B, a pulse number setter 64, a cycle setter 65, a one
frame Tx number setter 66, and a SW signal generation circuit
T2A.

[0101] For example, the pulse number setter 64 is set to be
4 as the number of pulses of the touch panel drive signal Txn.
A clock number of a clock signal Clk corresponding to the
generation period thatis 4000 is set to the cycle setter 65 as the
generation period of the touch panel drive signal Txn. The one
frame Tx number setter 66 is set to 16 as the number of
generation times of the touch panel drive signal Txn in every
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frame. Each of the set values is set according to usage condi-
tions of the touch panel 50 and the touch panel controller 71
and may be altered if necessary. Each of the setters 64, 65, 66
is configured such that setting conditions may be changed by
a register (not illustrated) included in the selection signal
generation circuit 60A. Each of the setters 64, 65, 66 may be
configured with a memory such as an EEPROM.

[0102] The first counter 62 A raises the level ofthe selection
signal SEL1 from the low level to the high level at the time t1
in FIG. 11 based on the number of pulses of the touch panel
drive signal Txn, the generation cycle of the touch panel drive
signal Txn and the number of generation times of the touch
panel drive signal Txn in every frame. Specifically, the
counter 62B counts the clock number until the time just
before the rising of the touch panel drive signal Tx pulse
based on the clock signal Clk from the touch panel 50. At the
time t1, the value of the counter 62B matches the value of the
matching detection circuit 65 (the previously set cycle).

[0103] At the time t1 in FIG. 11, the selector circuit 73
receives the high-level selection signal SEL1 and sets the
level of the common electrode signal SC1 to the low level and
sets the common electrode signal SC1 as the touch panel drive
signal Tx1. When the common electrode signal SC1 is
switched between the touch panel drive signal Tx1 and the
switching liquid crystal drive signal SW with time-sharing,
the signal level of the common electrode signal SC1 is set to
a predetermined one of the high level or the low level just
before the rising of the touch panel drive signal Tx1.

[0104] Ifthetouch panel drive signal Tx1 rises at the time t2
at which predetermined time has passed from the time t1, the
SW signal generation circuit 72A starts to generate the
switching liquid crystal drive signal SW from the low level
and sends the switching liquid crystal drive signal SW to the
selector circuit 73. The SW signal generation circuit 72A
generates and sends the reverse phase switching liquid crystal
drive signal SW-R to each electrode 34B.

[0105] At time t3 in FIG. 11, a predetermined delay time
has passed from the reception of the matching signal from the
first matching detection circuit 63. At the time t3, the first
counter 62A raises the level of the selection signal SEL1 from
the high level to the low level. The selector circuit 73 receives
the low-level selection signal SEL1 and switches the common
electrode signal SC1 from the touch panel drive signal Tx1 to
the switching liquid crystal drive signal SW. The predeter-
mined time from the reception of the matching signal to the
time t3 is determined by counting the clock number of the
clock signal Clk having a cycle of 1 ps.

[0106] At time t4 in FIG. 11, a predetermined time has
passed from the time t1 in FIG. 11. The level of the selection
signal SEL1 rises from the low level to the high level at the
time t4. It is determined whether the predetermined time has
passed from the time t1 based on the clock signal Clk from the
touch panel 50 similarly to the case of the time t1.

[0107] At the time t4 in FIG. 11, the selector circuit 73
receives the high-level selection signal SE1 and switches the
common electrode signal SC1 from the switching liquid crys-
tal drive signal SW to the touch panel drive signal Tx1. At
time t5, a predetermined time has passed from the time t4 in
FIG.11.Ifthe touch panel drive signal Tx1rises at the time t5,
the SW signal generation circuit 72A changes the level of the
switching liquid crystal drive signal SW from the low level to
the high level and sends the high-level switching liquid crys-
tal drive signal SW to the selector circuit 73.
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[0108] At time t6 in FIG. 11, a predetermined time has
passed from the reception of the matching signal from the first
matching detection circuit 63. At the time t6 in FIG. 11, the
first counter 62A raises the level of the selection signal SEL1
from the high level to the low level similarly to the time t3 in
FIG. 11. The selector circuit 73 receives the low-level selec-
tion signal SEL1 and switches the common electrode signal
SC1 from the touch panel drive signal Tx1 to the switching
liquid crystal drive signal SW.

[0109] Inthesecond embodiment, the selection signal gen-
eration circuit 60A generates the selection signal SELn based
on the number of pulses of the touch panel drive signal Txn,
and the generation cycle of the touch panel drive signal Txan,
and the number of generation times of the touch panel drive
signal Txn at every period. The selection signal generation
circuit 60 A generates the switching liquid crystal drive signal
SW based on the generated selection signal SELn and sends
the generated switching liquid crystal drive signal SW to the
selector circuit 73. This enables the selection signal SELx to
be generated separately from the touch panel drive signal Txn
and the touch panel drive signal Txn has a complete waveform
and such a touch panel drive signal Txn is supplied to the
common electrode 34A.

[0110] Because the generation of the selection signal SELn
is restarted at every frame, the on-timing of the touch panel
drive signal Txn is surely controlled. The touch panel drive
signal Txn and the switching liquid crystal drive signal SW
are synchronous with each other.

Third Embodiment

[0111] Next, a third embodiment will be explained with
reference to FIGS. 12 to 14. In the third embodiment, a
configuration relating to the generation of the common elec-
trode signal SCn is different from that of the first embodiment
and the second embodiment. Specifically, a configuration of a
selection signal generation circuit 60B of a drive circuit 80B
of the third embodiment is different from that in the first
embodiment and the second embodiment. Same numerals or
symbols are applied to components of the third embodiment
same as those in the first embodiment and the second embodi-
ment and the components will not be explained. Only differ-
ent features of the selection signal generation circuit will be
explained.

[0112] A touch panel controller 71A of the third embodi-
ment controls a sensing operation of the touch panel 50 by a
control signal. While waiting for the sensing operation, the
touch panel controller 71A stops generating and outputting
the touch panel drive signal Txn.

[0113] Inresponse toa vertical synchronizing signal Vsync
as a reference signal, a selection signal generation circuit 60B
of the third embodiment starts generating the selection signal
SELn. The selection signal generation circuit 60B generates
the selection signal SELn based on the vertical synchronizing
signal Vsync, the number of pulses of the touch panel drive
signal, the generation cycle of the touch panel drive signal,
and the number of generation times of the touch panel drive
signal in every predetermined period. The selection signal
generation circuit 60B sends the selection signal SELn to the
selector circuit 73 and also sends the selection signal SELn to
the touch panel controller 71A as the control signal. The
predetermined period is preferably a frame cycle. The frame
cycle is, for example, Y120 sec (8.3 ms) and is equal to a cycle
of the vertical synchronizing signal Vsync.
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[0114] As illustrated in FIG. 13, the selection signal gen-
eration circuit 60B includes first to third counters 62D, 62B,
62E, first to third matching detection circuits 63, 63 A, 63D,
the pulse number setter 64, the cycle setter 65, and the one
frame Tx number setter 66.

[0115] If the first counter 62d detects rising of the vertical
synchronizing signal Vsync as the reference signal at the time
t0 in FIG. 14, the first counter 62D raises the level of the
selection signal SEL1 from the low level to the high level at
the time t1 in FIG. 14. At the time t1, a predetermined time has
passed from the time t0 in FIG. 14. The predetermined time is
counted by counting the clock number of the clock signal Clk.

[0116] The selector circuit 73 receives the high-level selec-
tion signal SEL1 at the time t1 and switches the common
electrode signal SC1 from the switching liquid crystal drive
signal SW to the touch panel drive signal Tx1.

[0117] The first counter 62D sends the high-level selection
signal SEL1 to the touch panel controller 71A as the control
signal at the time t1. If receiving the high-level selection
signal SEL1 as the control signal, the touch panel controller
7T1A starts sensing the touch panel 50 and generating the
touch panel drive signal Tx1 and sends the touch panel drive
signal Tx1 to the selector circuit 73. Therefore, the touch
panel drive signal Tx1 is sent to the predetermined common
electrodes 34A at the time t1.

[0118] The first counter 62D lowers the level of the selec-
tion signal SEL1 from the high level to the low level at the
time t2 in FIG. 14. At the time t2, a predetermined delay time
has passed after the first counter 62D receives the matching
signal from the first matching detection circuit 63. In response
to the low-level selection signal SEL1, the selector circuit 73
switches the common electrode signal SC1 from the touch
panel drive signal Tx1 to the switching liquid crystal drive
signal SW. The predetermined delay time is counted by
counting the clock number of the clock signal Clk.

[0119] If receiving the low-level selection signal SEL1 as
the control signal at the time t2 in FIG. 14, the touch panel
controller 71A does not sense the touch panel 50 and stops
generating the touch panel drive signal Tx1.

[0120] The first counter 62D receives the matching signal
from the second matching detection circuit 63 A and raises the
level of the selection signal SEL2 from the low level to the
high level at the time t3 in FIG. 14 similarly to the operation
executed at the time t1 in FIG. 14. In response to the high-
level selection signal SEL2, the selector circuit 73 switches
the common electrode signal SC2 from the switching liquid
crystal drive signal SW to the touch panel drive signal Tx2
and sends the touch panel drive signal Tx2 to the predeter-
mined common electrodes 34A. Then, the same operation
will be repeated until the touch panel drive signal Tx16 is sent
to the predetermined common electrodes 34A.

[0121] From the time t4 in FIG. 14, the selection signal
SELn for the next frame is started to be generated in response
to the next vertical synchronizing signal Vsync as the refer-
ence signal.

[0122] In the third embodiment, the selection signal gen-
eration circuit 60B generates the selection signal SELn in
response to the vertical synchronizing signal Vsync as the
reference signal and sends the selection signal SELn to the
selector circuit 73. The selection signal generation circuit
60B also sends the selection signal SELn to the touch panel
controller 71A as the control signal of the touch panel con-
troller 71A. The switching liquid crystal drive signal SW and
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the touch panel drive signal Tx that are not synchronous with
each other are surely switched and one of them is sent to the
common electrodes 34A.

Fourth Embodiment

[0123] Next, a fourth embodiment will be explained with
reference to FIGS. 15 and 16. In the first to third embodi-
ments, the common electrode signal SCn is applied to the
common electrodes 34A or the common electrodes 34B. In
the fourth embodiment, some of a plurality of electrodes
formed on a same surface of the common board 32 are used as
touch panel electrodes and another ones of the electrodes are
used as switching liquid crystal electrodes. The touch panel
drive signal Txn and the switching liquid crystal drive signal
SW are applied independently to corresponding electrodes.
In the fourth embodiment, a synthesized signal configured
with the touch panel drive signal Txn and the switching liquid
crystal signal SW is not generated.

[0124] In FIG. 15, the electrodes 34A and the electrodes
34B are formed on a lower surface of the common board 32
and the electrodes 34 A are the touch panel electrodes and the
electrodes 34B are the switching liquid crystal electrodes.
Wiring is illustrated in FIG. 15 such that the signals are
commonly sent to the electrodes 34B. However, this is not
limited thereto. Similarly to the example in FIG. 2, the wiring
may be provided such that the signals are independently
applied to each of the electrodes 34A.

[0125] FIG. 16 illustrates a timing chart of the signals
applied to each wiring in the fourth embodiment. As illus-
trated in FIG. 16, in the landscape mode (the horizontal posi-
tion), the touch panel drive signal Txn is applied to the elec-
trodes 34A (a first application process), and the switching
liquid crystal drive signal SW is applied to the electrodes 34B
(a second application process). The switching liquid crystal
drive signal SW is formed in a positive-negative symmetrical
rectangular waveform (+5V, =5V). A frequency of the switch-
ing liquid crystal drive signal SW is 90 Hz, and a sensing
frequency of the touch panel 50 is 60 Hz, for example. The
electrodes 35A, 35B are at a ground level (0V).

[0126] Inthe portrait mode (the vertical position), the touch
panel drive signal Txn is applied to the electrodes 34A and the
switching liquid crystal drive signal SW that is formed in a
positive-negative symmetrical rectangular waveform is
applied to the electrodes 35B. The electrodes 34B, 35A are at
a ground level (OV).

[0127] Even if a synthesized signal that is configured with
the touch panel drive signal Txn and the switching liquid
crystal drive signal SW is not generated, each of the switching
liquid crystal panel 30 and the touch panel 50 is driven with
using the electrodes 34A and 34B formed on the common
board 32.

Other Embodiments

[0128] The present invention is not limited to the above
embodiments described in the above description and the
drawings. The following embodiments are also included in
the technical scope of the present invention, for example.

[0129] (1) Inthe above embodiments, the touch panel 50 of
a charge transmission method is used. However, a position
detection method of the touch panel 50 is not limited thereto.
[0130] For example, an electrostatic capacity of sensor
electrodes included in the touch panel 50 may be directly
measured (self-capacity detection method) to detect positions
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in the touch panel 50. Each of the touch panel transparent
electrodes of the touch panel 50 is not necessarily formed in
the shape described in the above embodiments (such that the
transparent electrodes each extending in the X-axis and the
Y-axis are overlapped with each other in a grid pattern).
[0131] (2) In the above embodiments, the switching liquid
crystal electrode 34 extending in the Y-axis direction is
formed on the common board 32 and the electrode 34 is used
as the common electrode commonly used with the touch
panel. However, it is not limited thereto. The switching liquid
crystal panel electrode 35 extending in the X-axis direction
may be formed on the common board 32 and the electrode 35
may be used as the common electrode.

[0132] (3) In the above embodiments, the common elec-
trode signal SCn that is a synthesized signal includes the
touch panel drive signal Txn and the switching liquid crystal
drive signal SW that are switched therebetween with time-
sharing. However, it is not limited thereto. For example, the
common electrode signal SCn may be obtained by combining
the touch panel drive signal Txn and the switching liquid
crystal drive signal SW.

[0133] (4) In generating the common electrode signal SCn
that is a synthesized signal, as illustrated in FIG. 17, the level
of'the touch panel drive signal Txn during a non-active period
K2 may be switched alternately between the high level and
the low level at every non-active period and accordingly the
common electrode signal SCn may be generated. Specifi-
cally, if each of the touch panel drive signals Tx1 to Txn starts
its active period K1 at L. (low level), it ends the active period
K1 at H (high level) and keeps the H level during the non-
active period K2. If each of the touch panel drive signals starts
its active period K1 at the H level, it ends the active period K1
at the L level and keeps the L level during the non-active
period K2.

[0134] For example, if the touch panel drive signal Tx1
starts its active period K1 at the L level at the time t1 in FIG.
17, it ends at the H level at the time t2 and maintains the H
level during its non-active period K2. Next, if the touch panel
drive signal Tx1 starts its active period K1 at the H level at the
time t3, it ends at the L level at the time t4 and maintains the
L level during its non-active period until the time t5. Thus, the
level of the touch panel drive signal Txn is alternately
switched between the H level and the L level during the
non-active period K2 and functions as the switching liquid
crystal drive signal SW. The common electrode signal Scn
configured by synthesizing the touch panel drive signal Txn
and the switching liquid crystal drive signal SW is applied to
34A in FIGS. 15 and 34B in FIG. 5 is grounded (0V).
[0135] (5) As illustrated in FIG. 18, the sensing cycle TSN
may be set to be an odd multiple of a half-cycle HTLC of the
switching liquid crystal signal SW. The sensing cycle TSN is
a cycle at which an entire area of the touch panel 50 is sensed
in response to the touch panel drive signal Txn. In FIG. 18, the
sensing cycle TSN is obtained by multiplying the half-cycle
HTLC by three. In this case, the level of the switching liquid
drive signal SW during the active period K1 of the touch panel
drive signal Txn is switched alternately between the high
level and the low level. This stabilizes a DC balance.

[0136] (6) In the above embodiments, the touch panel drive
signal Txn and the switching liquid crystal drive signal SW
may be synchronous with each other. In such a case, in
response to generation of one of the signals, the other one of
the signals is generated. A rising edge or a dropping edge of
the switching liquid crystal drive signal SW may be a trigger
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to generate the touch panel drive signal Txn. Instead, in syn-
chronism with the timing of start or end of the touch panel
drive signal Txn, the level of the switching liquid crystal drive
signal SW may be switched alternately between the high level
and the low level or may be reversed between a positive
polarity and a negative polarity.

[0137] (7) In the above embodiments, the electrodes 34A,
34B are formed on the lower surface of the common board 32
and the electrodes 34 A are the common electrodes. However,
it is not limited thereto and the electrodes 34B may be used as
the common electrodes.

[0138] (8) The display devices of the above embodiments
are configured so as to be applied to the portrait mode in
which the display screen is in a vertical position and to the
landscape mode in which the display screen is in a horizontal
position. However, it is not limited thereto. For example, if the
parallax barrier is used either one of the two modes, the
electrodes 35 on the glass board 31 are not necessarily pat-
terned and may be formed over an entire area of the glass
board 31. In such a case, the present technology may be
applied to the signal applied to the barrier electrodes formed
on the glass board (common board) 32.

[0139] (9) In the above embodiments, the liquid crystal
display device uses the liquid crystal panel as a display panel.
However, the present technology is applicable to a display
device using other type of display panel, for example, an EL.
panel.

EXPLANATION OF SYMBOLS

[0140] 10: liquid crystal display device (display device)
[0141] 20: liquid crystal panel (display panel)

[0142] 30: switching liquid crystal panel (parallax barrier)
[0143] 32: common board

[0144] 34A:common electrode (first touch panel electrode,

first switching liquid crystal panel electrode)

[0145] 35: second switching liquid crystal panel electrode
[0146] 50: touch panel
[0147] 60: selection signal generation circuit (selection sig-

nal generator)

[0148] 71: touch panel controller

[0149] 73: selector circuit (synthesized signal generator)

[0150] 80, 80A, 80B: drive circuit (drive circuit of display
device)

1-27. (canceled)

28. A display device comprising:

a display panel;

a touch panel provided on a display surface side of the
display panel;

a switching liquid crystal panel including a parallax barrier
that enables three-dimensional display;

a common board that is commonly used as a base board of
the touch panel and a base board of the switching liquid
crystal panel;

a plurality of electrodes provided on the common board
and used for the touch panel and the switching liquid
crystal panel; and

a drive circuit configured to apply a synthesized signal to
some of the electrodes, the synthesized signal being
configured by synthesizing a touch panel drive signal
and a switching liquid crystal drive signal.

29. The display device according to claim 28, wherein the
synthesized signal is configured by combining the touch
panel drive signal and the switching liquid crystal drive sig-
nal.
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30. The display device according to claim 28, wherein

the touch panel drive signal includes an active period and a
non-active period, and

the drive circuit switches a level of the touch panel drive
signal during the non-active period alternately between
a high level and a low level every non-active period and
generates the synthesized signal.

31. The display device according to claim 28, wherein the
synthesized signal includes the touch panel drive signal and
the switching liquid crystal drive signal that are switched
therebetween with time-sharing.

32. The display device according to claim 31, wherein
when the drive circuit switches between the touch panel drive
signal and the switching liquid crystal drive signal with time-
sharing, the synthesized signal has a signal level set to a
predetermined one of a high level or a low level just before
starting of the touch panel drive signal.

33. The display device according to claim 31, wherein the
drive circuit further includes a synthesized signal generator
configured to generate the synthesized signal.

34. The display device according to claim 31, wherein the
switching liquid crystal drive signal has a pair of rectangular
waveforms each of which has a same amplitude and an oppo-
site phase.

35. A display device comprising:

a display panel;

a touch panel provided on a display surface side of the

display panel;

a switching liquid crystal panel including a parallax barrier
that enables three-dimensional display;

a common board that is commonly used as a base board of
the touch panel and a base board of the switching liquid
crystal panel;

a plurality of touch panel electrodes and a plurality of
switching liquid crystal electrodes provided on a same
plane surface of the common board; and

a drive circuit configured to apply a touch panel drive
signal to the touch panel electrodes and apply a switch-
ing liquid crystal drive signal to the switching liquid
crystal electrodes.

36. The display device according to claim 35, wherein the
switching liquid crystal drive signal has a positive and nega-
tive symmetrical rectangular waveform.

37. The display device according to claim 36, wherein the
touch panel is sensed in response to the touch panel drive
signal at a sensing cycle, and the sensing cycle is set to be an
odd multiple of a half-cycle of the switching liquid crystal
signal.

38. The display device according to claim 28, wherein the
touch panel drive signal and the switching liquid crystal drive
signal are synchronous with each other.

39. The display device according to claim 38, wherein the
touch panel drive signal is generated in response to a rising
edge or a dropping edge of the switching liquid crystal drive
signal.

40. The display device according to claim 38, wherein in
synchronous with starting or ending of the touch panel drive
signal, the drive circuit switches the level of the switching
liquid crystal drive signal alternately between the high level
and the low level or changes a polarity of the switching liquid
crystal drive signal between a positive polarity and a negative
polarity.

41. The display device according to claim 33, wherein the
drive circuit further includes:
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a touch panel controller configured to generate the touch
panel drive signal for driving the touch panel, the touch
panel drive signal being configured with a predeter-
mined number of pulses; and

a selection signal generator configured to generate a selec-
tion signal for switching between the touch panel drive
signal and the switching liquid crystal drive signal,
wherein

the common board includes a common electrode to which
the touch panel drive signal and the switching liquid
crystal drive signal are sent, and

the synthesized signal generator receives the touch panel
drive signal and the switching liquid crystal drive signal,
and switches between the touch panel drive signal and
the switching liquid crystal drive signal in response to
the selection signal and generates the synthesized signal,
and sends the synthesized signal to the common elec-
trode.

42. The display device according to claim 41, wherein the
selection signal generator switches from the switching liquid
crystal drive signal to the touch panel drive signal in response
to rising of an initial pulse included in the touch panel drive
signal, and thereafter switches from the touch panel drive
signal to the switching liquid crystal drive signal in response
to finishing of counting the predetermined pulses.

43. The display device according to claim 41, wherein

the selection signal generator generates the selection signal
based on a number of pulses of the touch panel drive
signal, a generation cycle of the touch panel drive signal,
and a number of generation times of the touch panel
drive signal every predetermined period,
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the selection signal generator generates the switching liq-
uid crystal drive signal based on the generated selection
signal, and

the selection signal generator sends the generated switch-
ing liquid crystal drive signal to the synthesized signal
generator.

44. The display device according to claim 43, wherein

the predetermined period is a frame cycle, and

the selection signal generator restarts generating the selec-
tion signal every frame cycle.

45. The display device according to claim 41, wherein

the touch panel controller controls a sensing operation of
the touch panel by a control signal,

the selection signal generator starts generating the selec-
tion signal in response to a vertical synchronous signal
as a reference signal,

the selection signal generator generates the selection signal
based on the vertical synchronous signal, a number of
pulses of the touch panel drive signal, a generation cycle
of the touch panel drive signal, and a number of genera-
tion times of the touch panel drive signal every prede-
termined period, and

the selection signal generator sends the selection signal to
the synthesized signal generator and sends the selection
signal to the touch panel controller as the control signal.

46. The display device according to claim 45, wherein the

predetermined period is a frame cycle.

47. The display device according to claim 28, wherein

the touch panel drive signal has a minimum pulse width of
100 microseconds or less, and

the switching liquid crystal drive signal has a pulse width
of 1 milliseconds or more.

#* #* # ok %



Patent Application Publication  Jun. 27,2013 Sheet 3 of 18 US 2013/0162918 Al

FIG3
31
35A1 /
/
[
. | 358
35A—T | I
1T E=r
L
]
L n
SW/SW-R i . SW/SW-R
L
1 ”
T T
=
L
. ]
]
1
Y /

L. /
35B1
X



Patent Application Publication  Jun. 27,2013 Sheet 4 of 18 US 2013/0162918 Al

FIG.4




US 2013/0162918 Al

Jun. 27,2013 Sheet 5 0of 18

Patent Application Publication

a-MS

— . . . . . . ) . |_ ave qave -1S
mlgm . \ I3 \ 11
| _ T . > _ | = P ] [ —] .F —1 [
LINDYIO NOILYY3NTD LINoYID L B
TYNDIS JAINA ¥OLO313S >
I TYLSAYO QINDITONIHOLIMS L uas
v@L eL
un3s
HITIOHINOD vH_Bm_ozo_zmuzmo. I [y I Y -
TINVEHONOL [ x] TYNOIS NOI103 73S |! — # — —] # —
! L \ if i
| U Y \ \
\.\ Vve \ 195 ye ¢S
08 \ Ve
AN
g9l



US 2013/0162918 Al

Jun. 27,2013 Sheet 6 of 18

Patent Application Publication

N+

|y I

29sQ¢l/) i °9s0gl/|

T

29509/

90I4

0
AS

AG

AG

AG

A&

NG

(g€ 3a0YL0373)
H-MS

(vse ‘gre $3Q0¥10313)
MS

(V€ 3a0¥L103713)
ugs J

(8¢ '¥se $300ML0T13) )
MS

(8v¢ 30049L0313)
H-MS

(Vb€ 3a0YLDT713)
ugs y,

> JAON 1Ivd1¥0d

> JAOW IdVOSANYT




US 2013/0162918 Al

Jun. 27,2013 Sheet 7 of 18

Patent Application Publication

UX | —p

¥313S | ) NOILO3LAa
¥39WAN 3STNd ONIHO LYW
J i
¥9 s
Y
WILNNOD
29~/ H
\ » NOILD3130 3903 |—/
197
09—’

IASIE

>
SN



Patent Application Publication  Jun. 27,2013 Sheet 8 of 18 US 2013/0162918 Al

FIG.8




US 2013/0162918 Al

Jun. 27,2013 Sheet 9 of 18

Patent Application Publication

L.

mvm 4 m_“m TS
I A .F R — ] F -
| B
»| 1INJHIO YOLOT13S >
tUds
k W Y
eL
uq3s MS
HITIOHINOD V_._:om_ozo_._.émzmo _ > [ [ I I I O I N I A I O I
| | 73NVdHONOL [ x| TYNDIS NOILOF13S | | y-#S — .:. = B ] &. —_——
L \\ _ \ i \ 10
"L 09 . 208
SUASASO Yre 195 e
) I
1
/ /
Y08 [
6914



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI& B A

KRN

IPCH 3=

CPCH%S

L5
S\EREERE

BEG®F)

—RMHERRE , BEETEHR , HEEESERN S REMNAER

ERRENNE B

US20130162918A1

US13/820603

MAYUMIB &
AREEE
SEMHIROSHI
NOMA MIKIHIRO

MAYUMI , Bi&
ARH , BE

JEM , HIROSHI
NOMA , MIKIHIRO

EERA a4

MAYUMI MASASHI
KUBOTA AKINORI
HAMADA HIROSHI
NOMA MIKIHIRO

MAYUMI, MASASHI
KUBOTA, AKINORI
HAMADA, HIROSHI
NOMA, MIKIHIRO

GO02F1/133

ERRENRZEREENFE

patsnap

2013-06-27

2011-09-06

GO02F1/13338 GO6F3/0412 HO4N13/0409 HO4N13/0452 GO6F3/0416 G09G2310/08 G09G3/003 G09G3
/18 G09G3/36 G09G2300/0426 GO2F1/13306 HO4N13/31 HO4N13/356

2010204607 2010-09-13 JP

Espacenet

USPTO

32

R, SEEBHTHETHAZREBHTXRRBER , EFAEER sz

HER, MEERMVRBREROER , REELHR LA THRE
ERFMIRRBERO SN ER , UREEB N FERESEMEIHA i
B — LR IRBh g, Bk, BEARMBERENESMNRERENE

SREEERES.

344

, ]

S

AR (!

i| seecrionsionaL [ T | vouckeaveL
\ GENERATION CROuIT[ € COMTROLLER

SELh

J

4B

SR

1 / | SR .

\
|
| |
| |
| (73 “
sn ’ SWITCHING LIQUID CRYSTAL |
H SELECTOR DRIVE SIGNAL ‘
CRCUT ] GENERATION CIRCUIT ‘

|
l |

3B

\

10


https://share-analytics.zhihuiya.com/view/b4a958b9-44de-4bb2-81ae-461c4cb45515
https://worldwide.espacenet.com/patent/search/family/045831482/publication/US2013162918A1?q=US2013162918A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130162918%22.PGNR.&OS=DN/20130162918&RS=DN/20130162918

