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LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2014-207862 filed in the Japan
Patent Office on Oct. 9, 2014, the entire content of which is
hereby incorporated by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a liquid crystal dis-
play device.
[0004] 2. Description of the Related Art
[0005] In liquid crystal display devices, response charac-

teristics in operation vary depending on temperatures. Spe-
cifically, when the temperature of liquid crystals is low, a
response speed decreases. Due to this, known is a temperature
control system that heats the liquid crystal display device with
a heater depending on a temperature detected by a tempera-
ture detector for detecting the temperature around the liquid
crystal display device (for example, refer to Japanese Patent
No. 4623161).

[0006] However, the temperature detector disclosed in
Japanese Patent No. 4623161 is arranged outside a display
panel of the liquid crystal display device. Thus, the position of
the temperature detector is too far from the liquid crystals in
the display panel, so that accuracy is insufficient in a configu-
ration for measuring the temperature of a device including the
liquid crystals. In the temperature control system disclosed in
Japanese Patent No. 4623161, the temperature detector and
the heater are individually provided. Accordingly, spaces in
which the temperature detector and the heater are respectively
arranged are required, which increases a size of a product.
The increase in size of the product restricts a design of the
product.

[0007] Forthe foregoing reasons, there is a need for a liquid
crystal display device that can measure the temperature of a
configuration containing the liquid crystals with higher accu-
racy, and there is a need for aliquid crystal display device that
includes both of a configuration for measuring the tempera-
ture and a configuration for heating and is downsized.

SUMMARY

[0008] According to an aspect, a liquid crystal display
device includes: a liquid crystal display unit that displays an
image; a plurality of electrodes arranged in the liquid crystal
display unit in parallel with one direction along a display
surface of the liquid crystal display unit; a measuring unit that
measures electric resistance values of the electrodes; a speci-
fying unit that specifies a temperature of the liquid crystal
display unit based on the electric resistance values of the
electrodes; and an application unit that applies, to the elec-
trodes, a voltage for causing the electrode to generate heat
based on the temperature of the liquid crystal display unit.
[0009] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0010] FIG.1isablock diagram illustrating a configuration
of a principal function of a liquid crystal display device
according to a first embodiment;
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[0011] FIG. 2 is a diagram illustrating an example of an
arrangement of a plurality of electrodes and coupling
between the electrodes and a measuring unit;

[0012] FIG. 3 is a diagram illustrating an example of a
configuration related to a test for measuring variations in
electric resistance values of the electrodes when a tempera-
ture of part of a display area is raised as compared with a
temperature of the other part;

[0013] FIG. 4 is a diagram illustrating a temperature distri-
bution in the display area when the center of condensation of
light is positioned at one point in the display area;

[0014] FIG. 5is a diagram illustrating a temperature distri-
bution in the display area when the center of condensation of
light is positioned at one point different from that in FIG. 4 in
the display area;

[0015] FIG. 6is a diagram illustrating an example of elec-
tric resistance values of the electrodes according to the tem-
perature distributions illustrated in FI1G. 4 and FIG. 5;
[0016] FIG. 7 is a flowchart illustrating an example of a
processing procedure related to a temperature of a liquid
crystal display unit;

[0017] FIG. 81s a sub-flowchart illustrating an example of
specific processing details at Step S3 in the flowchart of FIG.
7;

[0018] FIG. 9isablock diagram illustrating a configuration
of a principal function of a liquid crystal display device
according to a second embodiment;

[0019] FIG. 10 is a diagram illustrating a configuration
example of a liquid crystal display unit according to the
second embodiment;

[0020] FIG. 11 is a diagram illustrating an example of a
cross-sectional structure of a principal part (part A1) of FIG.
10 viewed from the arrow-IV direction;

[0021] FIG. 12 is a diagram illustrating an example of a
configuration of electrical coupling with respect to a touch
detection electrode, and illustrating a coupling example when
the electric resistance value of the touch detection electrode is
measured;

[0022] FIG. 13 is a diagram illustrating a coupling example
when the touch detection electrode is heated,

[0023] FIG. 14 is a diagram illustrating a coupling example
when touch detection is performed;

[0024] FIG. 15 is an enlarged view of the touch detection
electrode;
[0025] FIG. 16 is a diagram illustrating a specific example

of electrical coupling between the touch detection electrode
and a power line in a second coupling part;

[0026] FIG. 17 is a diagram illustrating an example of a
relation between arewriting time for rewriting an image in the
liquid crystal display unit, a touch detecting time by the touch
detection unit, and an application time ofa voltage for heating
by an application unit;

[0027] FIG. 18 is a diagram illustrating another example of
the relation between the rewriting time for rewriting an image
in the liquid crystal display unit, the touch detecting time by
the touch detection unit, and the application time of a voltage
for heating by the application unit;

[0028] FIG. 19 is a schematic diagram illustrating a head-
up display device to which the liquid crystal display device
according to the present invention is applied,

[0029] FIG. 20 is a diagram illustrating an example of an
external appearance of a vehicle-mounted display device to
which the liquid crystal display device according to the
present invention is applied; and
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[0030] FIG. 21 is a diagram illustrating an example of an
external appearance of a smartphone to which the liquid
crystal display device according to the present invention is
applied.

DETAILED DESCRIPTION

[0031] The following describes preferred embodiments of
the present invention with reference to the drawings. The
disclosure is merely an example, and the present invention
naturally encompasses an appropriate modification maintain-
ing the gist of the invention that is easily conceivable by those
skilled in the art. To further clarify the description, a width, a
thickness, a shape, and the like of each component may be
schematically illustrated in the drawings as compared with an
actual aspect. However, this is merely an example and inter-
pretation of the invention is not limited thereto. The same
element as that described in the drawing that has already been
discussed is denoted by the same reference numeral through
the description and the drawings, and detailed description
thereof will not be repeated in some cases.

[0032] First, the following describes a first embodiment of
the present invention with reference to F1IG. 1to FIG. 8. In the
following description, a direction along a display surface is
assumed to be an X-direction, a direction along the display
surface and orthogonal to the X-direction is assumed to be a
Y-direction, and a direction orthogonal to the X-direction and
the Y-direction is assumed to be a Z-direction.

[0033] FIG.1isablock diagram illustrating a configuration
of a principal function of a liquid crystal display device 100
according to the first embodiment. As illustrated in FIG. 1, the
liquid crystal display device 100 includes a liquid crystal
display unit 160, an application unit 110, a measuring umit
120, and a control unit 130.

[0034] The liquid crystal display device 100 is, for
example, a matrix-typeliquid crystal display. Specifically, the
liquid crystal display device 100 includes a laminated sub-
strate (for example, a glass substrate) in which a pixel sub-
strate and a counter substrate are laminated. Pixel electrodes
are arranged on the pixel substrate. Liquid crystals are sand-
wiched between the pixel substrate and the counter substrate.
The liquid crystal display unit 160 is present in the laminated
substrate. The application unit 110, the measuring unit 120,
and the control unit 130 are mounted as circuits arranged on
an external substrate coupled to the laminated substrate via a
flexible printed circuit (FPC), for example.

[0035] FIG. 2 is a schematic diagram illustrating an
example of an arrangement of a plurality of electrodes A to J
arranged in a display area 161 of the liquid crystal display unit
160, and coupling between the electrodes A to J and the
measuring unit 120. The liquid crystal display unit 160
includes a plurality of electrodes (for example, the electrodes
A,B,C,D,E, E G, H, I, and J) arranged in the liquid crystal
display unit 160 along the display area 161 in which an image
is displayed. Specifically, the electrodes A to [ are arranged in
parallel in one direction. Specifically, the electrodes A to J are
arranged in parallel in the X-direction, for example, and are
ten columns of electrodes. The longitudinal direction of the
electrodes A to I is along the Y-direction. The electrodes A to
J are transparent electrodes, and are made of, for example,
indium tin oxide (ITO). The electrodes A to J are arranged in
any of the pixel substrate or the counter substrate. A specific
position of a layer in which the electrodes A to ] are arranged
is arbitrary in these substrates. Regarding the position of the
layer of the electrodes A to J with respect to a laminating
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direction (Z-direction) of the substrates, the layer of the elec-
trodes A to I is arranged to be closer to the liquid crystals
sandwiched between the pixel substrate and the counter sub-
strate. Therefore, the temperature of the liquid crystals in the
liquid crystal display unit 160 can be specified with higher
accuracy.

[0036] The application unit 110 applies electric signals to
the electrodes A to J. Specifically, the application unit 110
includes, for example, a circuit that outputs predetermined
pulse signals to the electrodes A to I as electric signals, and a
controller that switches output of the pulse signals from the
circuit. The application unit 110 is electrically coupled to the
electrodes A to I, and outputs the pulse signals to the elec-
trodes A to J. The pulse signals include a pulse signal for
measuring an electric resistance value of each of the elec-
trodes A to J and a pulse signal for heating for applying a
voltage for causing the electrodes A to J to generate heat to the
electrodes A to J.

[0037] Themeasuring unit 120 is a circuit that measures the
electric resistance value of each of the electrodes A to J. The
measuring unit 120 measures electric resistance values of the
electrodes A to J based on current values flowed in the elec-
trodes A to J or voltage values of the electrodes A to J accord-
ing to a pulse signal for measurement applied by the applica-
tion unit 110. The application unit 110 and the measuring unit
120 are coupled to the electrodes A to J via a switch for
switching the electrodes A to J to be coupled to the application
unit 110 and the measuring unit 120, for example. However,
this is merely an example, and the embodiment is not limited
thereto. Alternatively, the application unit 110 and the mea-
suring unit 120 may be individually arranged for each of the
electrodes A to J.

[0038] The control unit 130 controls an operation of each
component of the liquid crystal display device 100. Specifi-
cally, the control unit 130 includes a storage unit 131 and an
arithmetic unit 132. The storage unit 131 is a storage device
for storing a computer program 141 and temperature model
data 142. The computer program 141 includes, in addition to
a computer program for controlling the operation of each
component of the liquid crystal display device 100, a com-
puter program for specifying the temperature of the liquid
crystal display unit 160 based on the temperatures of the
electrodes A to I indicated by the electric resistance values
measured by the measuring unit 120, and a computer program
for executing a command corresponding to the temperature of
the liquid crystal display unit 160. The temperature model
data 142 is data representing a relation between the electric
resistance values of the electrodes A to J and the temperatures
of the electrodes A to J. More specifically, the temperature
model data 142 is data indicating that, when the electric
resistance value of one of the electrodes is a certain electric
resistance value (for example, an electric resistance value
within a predetermined range), the electrode has a certain
temperature (for example, a temperature within a predeter-
mined range or a temperature equal to or lower than a prede-
termined temperature). That is, by using the temperature
model data 142, the temperatures of the electrodes A to J can
be obtained from the electric resistance values of the elec-
trodes A to J. The control unit 130 executes the computer
program 141, uses the electric resistance values of the elec-
trodes A to J detected by the measuring unit 120 and the
temperature model data 142 to specify the temperatures of the
electrodes A to J from the electric resistance values of the
electrodes A to J, and can execute a command based on the
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specified temperatures. Specifically, the arithmetic unit 132
reads out the computer program 141 from the storage unit 131
to be executed, and thereby functions as a specifying unit 135
and an execution unit 136. The specifying unit 135 performs
an arithmetic operation for specifying temperature informa-
tion corresponding to an electrical change (electric resistance
value) detected by the measuring unit 120. The execution unit
136 executes the command based on the temperatures of the
electrodes A to J (for example, the temperature specified by
the specifying unit 135).

[0039] FIG. 3 is a diagram illustrating an example of a
configuration related to a test for measuring variations in the
electric resistance values of the electrodes A to J when the
temperature of part of the display area 161 is raised as com-
pared with the temperature of the other part. F1G. 4 and FIG.
5 are diagrams illustrating an example of a temperature dis-
tribution in the display area 161. FIG. 4 is a diagram illustrat-
ing the temperature distribution when the center of conden-
sation of light is positioned at one point in the display area
161. FIG. 5 is a diagram illustrating the temperature distribu-
tion when the center of condensation of light is positioned at
one point different from that in F1G. 4 in the display area 161.
FIG. 6 is a diagram illustrating an example of the electric
resistance values of the electrodes A to I according to the
temperature distributions illustrated in FIG. 4 and FIG. 5.
[0040] As illustrated in FIG. 3, the display area 161 is
irradiated with light from a light source 163 such as an arti-
ficial sunlight lamp condensed via a condensing lens 162. A
position on the display area 161 irradiated with the condensed
light is movable. A thermography 164 measures the tempera-
ture of each part of the display area 161, and outputs an image
indicating the temperature distribution of the display area 161
as illustrated in FIG. 4 and FIG. 5.

[0041] When the position on the display area 161 irradiated
with the condensed light is moved from the electrode F to the
electrode E during the measurement of the temperature by the
thermography 164, as illustrated in FIG. 4 and FIG. 5, a
portion having a higher temperature in the display area 161
moves from the electrode F to the electrode E. Following the
change in the temperature distribution, the electric resistance
values of the electrodes A to ] measured by the measuring unit
120 are changed from a resistance value distribution curve
170F to a resistance value distribution curve 170E as illus-
trated in FIG. 6. That is, when the portion having a higher
temperature in the temperature distribution in the display area
161 moves from the electrode F to the electrode E, a peak of
the electric resistance value also moves from the electrode F
to the electrode E. Thus, a variation in the temperature of each
part of the display area 161 is linked with a variation in the
electric resistance value indicated by each of the electrodes A
to Jarranged in each part of the display area 161. Accordingly,
information indicating the temperature distribution in the
X-direction in the display area 161 can be obtained by acquir-
ing the electric resistance values of the electrodes A to J
arranged in the display area 161.

[0042] Specifically, in this embodiment, the specifying unit
135 specifies respective temperatures corresponding to the
electric resistance values of the electrodes A to J detected by
the measuring unit 120 using a correspondence relation
between the electric resistance value and the temperature
represented by the temperature model data 142 to measure the
temperatures of the electrodes A to J. Accordingly, the speci-
fying unit 135 acquires, as the temperature of the liquid
crystal display unit 160, information indicating the tempera-
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tures of the positions in the X-direction in the display area 161
corresponding to the positions at which the electrodes A to J
are arranged. A method for specifying the temperature of the
liquid crystal display unit 160 from the temperatures of the
electrodes A to J is arbitrary. Specifically, for example, the
specifying unit 135 may specify an average value of the
temperatures of the electrodes A to J as the temperature of the
liquid crystal display unit 160, or may specify the lowest or
highest temperature among the temperatures of the electrodes
A to J as the temperature of the liquid crystal display unit 160.
Alternatively, depending on a purpose of the command
executed by the execution unit 136, the method for specifying
the temperature of the liquid crystal display unit 160 based on
the temperatures of the electrodes A to J may be switched to
specify the temperature for each purpose.

[0043] Based on the temperature of the liquid crystal dis-
play unit 160 specified by the specifying unit 135, for
example, the execution unit 136 outputs, to the application
unit 110, a command (heating command) for applying, to the
electrodes A to J, the voltage for causing the electrodes A to J
to generate heat. Specifically, when the temperature of the
liquid crystal display unit 160 specified by the specifying unit
135 is equal to or lower than a certain first threshold (heating
required temperature), the execution unit 136 outputs the
heating command to the application unit 110. The application
unit 110 applies the pulse signal for heating to any or some of
the electrodes A to J according to the heating command to
apply the voltage to the electrodes A to . The electrodes A to
Jtowhich the pulse signal for heating is applied generate heat,
and heats surroundings. Due to this, the liquid crystal display
unit 160 is heated.

[0044] A degreeofheating by the heating command and the
pulse signal for heating can be appropriately changed. For
example, the degree of heating of the electrodes A to J can be
adjusted through control (PWM control) for modulating a
pulse width of the pulse signal for heating. In this case, the
execution unit 136 adjusts the degree of heating, for example,
according to a difference between the temperature of the
liquid crystal display unit 160 and the heating required tem-
perature. The degree of heating can be controlled stepwise by
determining the degree of heating corresponding to the tem-
perature of the liquid crystal display unit 160 stepwise in
advance, and setting a threshold corresponding to each step.
The execution unit 136 may compare the temperatures of the
electrodes A to J with the heating required temperature, and
control the application unit 110 to apply the pulse signal for
heating to the electrode having a temperature lower than the
heating required temperature. In this case, the degree of heat-
ing of each electrode may be individually controlled depend-
ing on the difference between the temperature of each elec-
trode and the heating required temperature.

[0045] The control unit 130 including the execution unit
136 also functions as an operation control unit that ends
display of the image by the liquid crystal display unit 160
when the temperature of the liquid crystal display unit 160
specified by the specifying unit 135 is equal to or higher than
the certain temperature. Specifically, when the temperature of
the liquid crystal display unit 160 specified by the specifying
unit 135 is equal to or higher than a certain second threshold
(display ending temperature), the execution unit 136 outputs,
to the liquid crystal display unit 160, a display ending com-
mand for ending the display of the image by the liquid crystal
display unit 160. After the display ending command is output,
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the liquid crystal display unit 160 ends the operation, for
example, to ends the display of the image by the liquid crystal
display unit 160.

[0046] The temperature of the liquid crystal display unit
160 to be compared with the display ending temperature is the
highest temperature among the temperatures of the electrodes
Ato ], for example. However, this is merely an example, and
the embodiment is not limited thereto. For example, the tem-
perature of the liquid crystal display unit 160 to be compared
with the display ending temperature may be an average value
of the temperatures of the electrodes A to J. The temperature
of the liquid crystal display unit 160 to be compared with the
display ending temperature is appropriately determined
according to a method for setting the display ending tempera-
ture.

[0047] The heating required temperature and the display
ending temperature are arbitrarily set, but the heating
required temperature is lower than the display ending tem-
perature. For example, considered is a case in which a display
operational temperature of the liquid crystal display unit 160
isa (°C)to p (° C.), and an optimum operation temperature
is y (° C.). In this case, a<y<f is satisfied. When the heating
required temperature is § (° C.), for example, 6<y is satisfied.
When the display ending temperature is € (° C.), for example,
y<esf is satisfied. By setting the display ending temperature
to be lower than f§, a margin can be provided to the tempera-
ture of the liquid crystal display unit 160 when the display of
the image is ended with respect to an upper limit of the
operational temperature.

[0048] FIG. 7 is a flowchart illustrating an example of a
processing procedure related to the temperature of the liquid
crystal display unit 160. The application unit 110 applies the
pulse signal for measurement to the electrodes A to T (Step
S1). The measuring unit 120 measures the electric resistance
values of the electrodes A to J generated by the pulse signal
for measurement applied at Step S1 (Step S2). The specifying
unit 135 specifies the temperatures of the electrodes A to J
based on the electric resistance values measured at Step S2 to
specify the temperature of the liquid crystal display unit 160
(Step S3).

[0049] The executionunit 136 determines whether the tem-
perature of the liquid crystal display unit 160 specified at Step
S3 is equal to or lower than the heating required temperature
(Step S4). If the temperature of the liquid crystal display unit
160 is determined to be equal to or lower than the heating
required temperature (Yes at Step S4), the execution unit 136
outputs a heating command. The application unit 110 applies
the pulse signal for heating to the electrodes A to J according
to the heating command to apply, to the electrodes A to J, the
voltage for causing the electrodes A to J to generate heat (Step
S5). When the electrodes A to J generate heat according to the
process at Step S5, the liquid crystal display unit 160 is
heated. If the temperature of the liquid crystal display unit
160 is higher than the heating required temperature (No at
Step S4), the execution unit 136 determines whether the tem-
perature of the liquid crystal display unit 160 specified at Step
S3 is equal to or higher than the display ending temperature
(Step S6). If the temperature of the liquid crystal display unit
160 is equal to or higher than the display ending temperature
(Yes at Step S6), the execution unit 136 outputs the display
ending command to the liquid crystal display unit 160.
According to the display ending command, the liquid crystal
display unit 160 ends the display of the image (Step S7). If the
temperature of the liquid crystal display unit 160 is higher
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than the heating required temperature and lower than the
display ending temperature (No at Step S6), a particular
operation corresponding to the temperature of the liquid crys-
tal display unit 160 is not caused.

[0050] Theprocess at Step S4 and the process at Step S6 are
performed in random order. When the process at Step S6 is
performed earlier than the process at Step S4, the process at
Step S4 is performed if the temperature of the liquid crystal
display unit 160 is determined to be lower than the display
ending temperature at Step S6.

[0051] FIG. 8is a sub-flowchart illustrating an example of
specific processing details at Step S3 in the flowchart of FIG.
7. The arithmetic unit 132 selects one electrode (for example,
any one of'the electrodes A, B, C, D, E, F, G, H, [, and J) the
temperature information of which is not specified yet (Step
S11). The arithmetic unit 132 specifies the temperature model
data 142 corresponding to the electric resistance value of the
electrode selected at Step S11 (Step S12). When the tempera-
ture model data 142 is specified, the temperature of the elec-
trode indicated by the temperature model data 142 is speci-
fied. The arithmetic unit 132 determines whether the
temperature model data 142 of all of the electrodes A to J is
specified (Step S13). If the temperature model data 142 of all
of the electrodes A to ] is not specified yet (No at Step S13),
the process proceeds to Step S11. If the temperature model
data 142 of all of the electrodes A to J is specified (Yes at Step
S13), the arithmetic unit 132 completes the process at Step
S3. The temperatures of some or all of the electrodes may be
specified in parallel instead of repeating the process of speci-
fying the temperature of one electrode by the number of
electrodes.

[0052] Timing for specifying the temperature of the liquid
crystal display unit 160 is arbitrary. For example, the control
unit 130 may perform processing for specifying the tempera-
ture of the liquid crystal display unit 160 (temperature speci-
fying processing) immediately after the liquid crystal display
device 100 is started (power source is turned on). Through the
temperature specifying processing, the application unit 110
outputs the pulse signal for measurement, the measuring umt
120 measures the electric resistance values of the electrodes A
to J, and the specifying unit 135 specifies the temperature of
the liquid crystal display unit 160 based on the electric resis-
tance values. “Immediately after the liquid crystal display
device 100 is started” means the time immediately after the
components of the liquid crystal display device 100 are
caused to be in an operation-enabled (standby) state after the
power source is turned on.

[0053] An execution time of heat processing by applying
the voltage for heating from the application unit 110 is arbi-
trary. Preferably, the execution time is appropriately set
according to heating values of the electrodes (for example, the
electrodes A to J) obtained through the heat processing. For
example, the control unit 130 may determine the execution
time of the heat processing according to a difference between
the temperature of the liquid crystal display unit 160 and the
heating required temperature when the heat processing is
determined to be performed. In this case, as the temperature
of the liquid crystal display unit 160 becomes much lower
than the heating required temperature, the execution time of
the heat processing increases.

[0054] As described above, according to the first embodi-
ment, the electrodes (for example, the electrodes A to J) are
used for specifying the temperature of the liquid crystal dis-
play unit and for heating the liquid crystal display unit (for
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example, the liquid crystal display unit 160). Accordingly, a
configuration for specifying the temperature and heating the
unit can be further integrated. That is, the size of the liquid
crystal display device can be further reduced, the liquid crys-
tal display device including both of a configuration for mea-
suring the temperature and a configuration for heating. The
electrodes are arranged in the liquid crystal display unit in
parallel with one direction (for example, the X-direction)
along the display surface of the liquid crystal display unit.
Due to this, the temperature can be specified at a position
closer to the liquid crystals. That is, the temperature of a
configuration containing the liquid crystals (for example, the
liquid crystal display unit 160) can be measured with higher
accuracy.

[0055] When the temperature of the liquid crystal display
unit 1s equal to or higher than the certain temperature (for
example, the display ending temperature), the display of the
image by the liquid crystal display unit is ended. Due to this,
when there is a possibility that a display operation is not
normally performed because the temperature of the liquid
crystals is too high, the display of the image can be ended in
advance. Accordingly, an abnormal display operation can be
prevented more securely.

[0056] The following describes a second embodiment of
the presentinvention with reference to F1IG. 9 to FIG. 18. FIG.
9 is a block diagram illustrating a configuration of'a principal
function of a liquid crystal display device 100A according to
the second embodiment. The liquid crystal display device
100A according to the second embodiment includes a liquid
crystal display unit 160A described later in place of the liquid
crystal display unit 160 in the liquid crystal display device
100 according to the first embodiment. The liquid crystal
display device 100A according to the second embodiment
includes a touch detection unit 320 in addition to the configu-
ration of the liquid crystal display device 100 according to the
first embodiment. The touch detection unit 320 detects prox-
imity or contact of an object with respect to the display
surface based on a change in capacitance of an electrode
(touch detection electrode TDL described later). The touch
detection unit 320 is mounted as a circuit arranged on an
external substrate coupled to a laminated substrate included
in the liquid crystal display unit 160A via a flexible printed
circuit (FPC), for example.

[0057] FIG. 10 is a diagram illustrating a configuration
example of the liquid crystal display unit 160A according to
the second embodiment. FIG. 11 is a diagram illustrating an
example of a cross-sectional structure of a principal part (part
Al) of FIG. 10 viewed from the arrow-IV direction. The
liquid crystal display unit 160A uses a liquid crystal display
element as a display element, and is what is called an in-cell
device integrating a liquid crystal display device including
the liquid crystal display element and an electrostatic capaci-
tance type touch detection device.

[0058] Theliquid crystal display unit 160A includes a pixel
substrate 2, a counter substrate 3, a first coupling part 151, a
second coupling part 152, a liquid crystal layer 6, a seal 4, and
a backlight BL.

[0059] As illustrated in FIG. 11, the pixel substrate 2
includes a TFT substrate 21 serving as a circuit board, a
common electrode COML, and a pixel electrode EPIX. The
TFT substrate 21 functions as a circuit board on which vari-
ous electrodes, wiring, a thin film transistor (TFT), and the
like are formed. The TFT substrate 21 is made of, for
example, glass. An insulating film 22 is formed on the TFT
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substrate 21, and a signal line SGL is formed thereon. A
planarizing film 23 made of, for example, acrylic organic
resin is formed on the signal line SGL, and the common
electrode COML is formed thereon. The common electrode
COML is an electrode for supplying a common voltage to a
plurality of pixels Pix (not illustrated), and has a translucent
property. The common electrode COML is used also as an
electrode for applying an AC rectangular wave Sg in a touch
sensor. That is, the common electrode COML corresponds to
adrive electrode of an input device that performs electrostatic
capacitance type touch detection. An insulating film 24 is
formed on the common electrode COML, and the pixel elec-
trode EPIX is formed thereon. The pixel electrode EPIX is an
electrode for supplying a pixel signal for performing display,
and has a translucent property. The common electrode COML
and the pixel electrode EPIX are made of ITO, for example.
An orientation film 25 is formed on the pixel electrode EPIX.

[0060] As illustrated in FIG. 11, the counter substrate 3
includes a glass substrate 31, a color filter 32, and the touch
detection electrodes TDL. The color filter 32 is formed on one
surface of the glass substrate 31. The color filter 32 is config-
ured such that color filter layers of three colors, for example,
red (R), green (G), and blue (B) are periodically arranged
together with a black matrix (BLK), and three colors of R, G,
and B are associated with each display pixel as a group. A
planarizing film 33 made of, for example, acrylic resin is
formed under the color filter 32, and an orientation film 34 is
formed thereunder. The touch detection electrodes TDL are
arranged on the other surface of the glass substrate 31. The
touch detection electrodes TDL are arranged extending in one
direction (Y-direction) and in parallel along a direction
orthogonal to the one direction (X-direction). The touch
detection electrode TDL is an electrode that outputs a touch
detection signal in the touch sensor. The touch detection
electrode TDL is made of, for example, ITO, and has a trans-
lucent property. As illustrated in FIG. 10, the touch detection
electrode TDL includes a terminal part PAD formed thereon,
and is coupled to the first coupling part 151 via the terminal
part PAD. The touch detection electrodes TDL illustrated in
FIG. 10 are schematic, and do not represent an actual width of
the touch detection electrode TDL and the number thereof.

[0061] The first coupling part 151 is a coupling part (elec-
trode) used for taking out the touch detection signal of the
touch detection electrode TDL to the outside, and for apply-
ing a voltage from the application unit 110 to the touch
detection electrode TDL. Wiring such as an FPC is coupled to
the first coupling part 151, for example, and the first coupling
part 151 is coupled to the application unit 110 and the touch
detection unit 320 via the wiring. The first coupling part 151
is arranged at one side of the counter substrate 3, for example.
The first coupling part 151 is coupled, for example, to the
application unit 110 or the touch detection unit 320 via a
switch 311 described later. The first coupling part 151 is
coupled, for example, to the measuring unit 120 via a switch
312 described later (refer to FIG. 12).

[0062] The second coupling part 152 is a coupling part
(electrode) used for applying a voltage from the application
unit 110 to the touch detection electrode TDL. The second
coupling part 152 is arranged opposite to the first coupling
part 151 across the touch detection electrode TDL, for
example, and is coupled to the application unit 110 via a
switch 313 (refer to FIG. 12).
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[0063] The first coupling part 151 and the second coupling
part 152 may also be used for coupling the measuring unit 120
and the touch detection electrode TDL.

[0064] The liquid crystal layer 6 functions as a display
function layer, and modulates light passing therethrough
depending on a state of an electric field. The electric field is
formed by a potential difference between the voltage of the
common electrode COML and the voltage of the pixel elec-
trode EPIX. Liquid crystals of lateral electric-field mode such
as in-plane switching (IPS) mode are used for the liquid
crystal layer 6.

[0065] Theseal 4 seals theliquid crystal layer 6 between the
pixel substrate 2 and the counter substrate 3. As a material for
the seal 4, for example, epoxy resin is used. The seal 4 is
formed at an outer edge portion 41 of the pixel substrate 2 and
the counter substrate 3. An inner side from the outer edge
portion 41 is a display area 161A. The inner side from the
outer edge portion 41 on an opened surface of the counter
substrate 3 (a surface opposite to the side facing the pixel
substrate 2) is the display surface.

[0066] The backlight BL, emits light from the pixel sub-
strate 2 side to a display region in which the liquid crystal
layer 6 is arranged. The backlight BL includes, for example,
a plurality of light emitting diodes (LEDs) and a light guide
plate. Light emitted from the LEDs is guided by the light
guide plate to be light emission from a plane region.

[0067] FIG. 12 is a diagram illustrating an example of a
configuration of electrical coupling with respect to the touch
detection electrode TDL. Although FIG. 12 illustrates only
electrical coupling for one touch detection electrode TDL, the
electrical coupling is common to all of the touch detection
electrodes TDL used for processing related to the tempera-
ture. The switch 311 selectively couples any of the applica-
tion unit 110 and the touch detection unit 320 to the touch
detection electrode TDL that is coupled to the switch 311 via
the first coupling part 151 and the terminal part PAD. The
switch 312 switches coupling and decoupling of the measur-
ing unit 120 to/from the touch detection electrode TDL that is
coupled to the switch 312 via the first coupling part 151 and
the terminal part PAD. The switch 313 switches coupling and
decoupling of the application unit 110 to/from the touch
detection electrode TDL that is coupled to the switch 313 via
the second coupling part 152. A switch 314 switches coupling
and decoupling of the measuring unit 120 to/from the touch
detection electrode TDL that is coupled to the switch 314 via
the second coupling part 152.

[0068] When the electric resistance value of the touch
detection electrode TDL is measured, as illustrated in FIG.
12, the application unit 110 is coupled to the touch detection
electrode TDL via the switches 311 and 313. The measuring
unit 120 is coupled to the touch detection electrode TDL via
the switches 312 and 314. When the pulse signal for measure-
ment is applied from the application unit 110 in this state, the
measuring unit 120 measures the electric resistance value of
the touch detection electrode TDL. Based on the electric
resistance value, the specifying unit 135 specifies the tem-
perature of the liquid crystal display unit 160A in which the
touch detection electrode TDL is arranged. A specific method
for specifying the temperature using the touch detection elec-
trode TDL is the same as that in the first embodiment using the
electrodes A to J.

[0069] The touch detection electrode TDL, the application
unit 110, and the measuring unit 120 are coupled to each other
in a state in which a two-terminal method or a four-terminal
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method are established, for example. The coupling can be
appropriately changed so long as the measuring unit 120 can
measure the electric resistance value of the touch detection
electrode TDL.

[0070] FIG. 13 is a diagram illustrating a coupling example
when the touch detection electrode TDL is heated. As illus-
trated in FIG. 13, when the touch detection electrode TDL is
heated, the application unit 110 is coupled to the touch detec-
tion electrode TDL via the switches 311 and 313. The
switches 312 and 314 are caused to be in a decoupling state.
When the pulse signal for heating is applied from the appli-
cationunit 110 in this state, the touch detection electrode TDL
generates heat to heat the liquid crystal display unit 160A.

[0071] FIG. 14 is a diagram illustrating a coupling example
when touch detection is performed. As illustrated in F1G. 14,
when touch detection is performed, the touch detection unit
320 is coupled to the touch detection electrode TDL via the
switch 311. The switches 312, 313, and 314 are caused to be
in adecoupling state. In this state, the touch detection unit 320
performs touch detection.

[0072] In this way, the touch detection unit 320 is electri-
cally coupled to the electrode (touch detection electrode
TDL) via at least one coupling part (for example, the first
coupling part 151), and the application unit 110 is electrically
coupled to the electrode via two coupling parts (for example,
the first coupling part 151 and the second coupling part 152)
including the former coupling part.

[0073] Examples of a touch detection system utilizing a
change in capacitance include, but are not limited to, a self-
capacitance system and a mutual capacitance system. In a
case of the self capacitance system, the touch detection unit
320 is coupled to the touch detection electrode TDL only via
the switch 311. In this case, the touch detection unit 320
detects, as the touch detection signal, an increase in capaci-
tance of the touch detection electrode TDL due to proximity
or contact of an object with respect to the display surface to
detect proximity or contact the object with respect to the
display surface. In a case of the mutual capacitance system,
the touch detection unit 320 is coupled to the touch detection
electrode TDL via the switch 311, and is also coupled to the
common electrode COML. The touch detection unit 320 out-
puts a pulse signal for touch detection to the common elec-
trode COML. The pulse signal causes an electric field
between the common electrode COML and the touch detec-
tion electrode TDL, and capacitance corresponding to the
electric field is detected from the touch detection electrode
TDL. When the object is proximate to or brought into contact
with the display surface in this state, a degree of generation of
the electric field is decreased between the common electrode
COML and the touch detection electrode TDL, so that the
capacitance corresponding to the electric field is also
decreased. The touch detection unit 320 detects the decrease
in capacitance as a touch detection signal to detect proximity
or contact of the object with respect to the display surface. In
the second embodiment, any of the self capacitance system
and the mutual capacitance system can be employed. In the
second embodiment, for example, detection using the self
capacitance system is performed after the liquid crystal dis-
play device 100A starts to be operated until proximity or
contact of the object with respect to the display surface is
detected, or after apredetermined time has elapsed after prox-
imity or contact of the object is lastly detected. Detection
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using the mutual capacitance system is performed until a
predetermined time has elapsed after proximity or contact of
the object is detected.

[0074] The switch 313 may be configured to switch cou-
pling and decoupling between the application unit 110 and
the common electrode COML. That is, two coupling parts
that electrically couple the application unit 110 to the elec-
trode may be the common electrode COML and the first
coupling part 151. In this case, the application unit 110 and
the touch detection unit 320 share the two coupling parts (for
example, the first coupling part 151 and the common elec-
trode COML).

[0075] Next, the following describes a structure of the
touch detection electrode TDL with reference to FI1G. 15.
FIG. 15 is an enlarged view of the touch detection electrode
TDL. As illustrated in FIG. 15, the touch detection electrode
TDL includes a base 201 made of ITO, and an auxiliary
wiring part 202 that is arranged at the center in the width
direction (X-direction) of the base 201 and extends along an
extending direction (Y-direction) of the touch detection elec-
trode TDL. The auxiliary wiring part 202 is made of, for
example, a composite material including an indium-based
oxide (IM), a molybdenum-niobium compound (Mo—Nb),
an aluminum-neodymium compound (Al—Nd), and a
molybdenum-neodymium compound (Mo—Nd). However,
this is merely an example of a specific configuration of the
auxiliary wiring part 202, and the embodiment is not limited
thereto. The auxiliary wiring part 202 is made of a material
having the heating value (temperature coefficient) higher than
that of the base 201 made of ITO, the heating value corre-
sponding to a predetermined current that is caused to flow in
the touch detection electrode TDL according to the voltage
applied from the application unit 110. Due to this, the liquid
crystal display unit 160A can be more efficiently heated using
the heat generated by the touch detection electrode TDL. The
auxiliary wiring part 202 is not necessarily required to be a
transparent electrode. A material and a width of the auxiliary
wiring part 202 are determined considering transmittance of
light from the backlight BL in each component arranged on
the pixel substrate 2 and the counter substrate 3.

[0076] Inthe second embodiment, the touch detection elec-
trode TDL arranged in parallel in the X-direction are sepa-
rated into predetermined groups. In this case, the touch detec-
tion electrodes TDL belonging to the same group are
electrically coupled to each other. Specifically, for example,
bases 201 of the touch detection electrodes TDL belonging to
the same group are physically coupled to each other. Auxil-
iary wiring parts 202 of the touch detection electrodes TDL
belonging to the same group are coupled to each other at their
ends (refer to FIG. 16). In the second embodiment, each of a
minimum unit of touch detection, a minimum unit for speci-
fying the temperature of the touch detection electrode TDL,
and a minimum control unit for heating the liquid crystal
display unit 160A corresponds to a unit of the group of the
touch detection electrodes TDL.

[0077] FIG. 16 is a diagram illustrating a specific example
of electrical coupling between the touch detection electrode
TDL and a power line 152a in the second coupling part 152.
As illustrated in FIG. 16, the second coupling part 152
includes the power line 152a¢ for sharing, with the touch
detection electrode TDL, electric power obtained by applying
the voltage from the application unit 110. The base 201 of the
touch detection electrode TDL is directly and physically
coupled to the power line 152a. End parts 202¢ and 2025 at
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which the auxiliary wiring parts 202 of the touch detection
electrodes TDL belonging to the same group are coupled to
each other are not directly and physically coupled to the
power line 152a. Specifically, as illustrated in FIG. 16, the
end parts 202a and 2025 along the X-direction are arranged in
parallel with the power line 1524 along the X-direction.

[0078] Groups of the touch detection electrodes TDL posi-
tioned at both ends in the X-direction are likely to be cooled
due to an external factor as compared with the other groups of
the touch detection electrodes TDL positioned on an inner
side in the X-direction. Due to this, if the heating values ofthe
touch detection electrodes TDL in each group are uniform,
the temperature of the groups of the touch detection elec-
trodes TDL positioned at both ends in the X-direction are
likely to be lower than that of the other groups of the touch
detection electrodes TDL. Accordingly, the groups of the
touch detection electrodes TDL positioned at both ends in the
X-direction are arranged so that the heating values thereof are
larger than that of the other groups of the touch detection
electrodes TDL when the voltage for causing the touch detec-
tion electrode TDL to generate heat is applied. Specifically,
for example, a distance 1 between the power line 152a and
each of the end parts 2024 of the groups of the touch detection
electrodes TDL positioned at both ends in the X-direction is
smaller than a distance L.2 between the power line 152a and
each of the end parts 2025 of the other groups of the touch
detection electrodes TDL. Due to this, the electric resistance
value between the end part 202a and the power line 152a is
smaller than the electric resistance value between the end part
2024 and the power line 1524. Accordingly, an electric cur-
rent larger than that in the other groups of the touch detection
electrodes TDL flows in the groups of the touch detection
electrodes TDL positioned at both ends in the X-direction.
That is, the heating values of the groups of the touch detection
electrodes TDL positioned at both ends in the X-direction are
larger than that of the other groups of the touch detection
electrodes TDL when the pulse signal for heating is applied
from the application unit 110. In this way, by causing the
heating values of the groups of the touch detection electrodes
TDL positioned at both ends in the X-direction to be larger
than that of the other groups of the touch detection electrodes
TDL, a temperature distribution in the entire liquid crystal
display unit 160A can be more uniform.

[0079] Although the touch detection electrodes TDL are
separated into some groups in the second embodiment, the
touch detection electrodes TDL are not necessarily separated
into groups. In this case, similarly to the case of grouping, by
individually setting the distance between the power line 1524
and the end of the auxiliary wiring part 202 as described
above according to a condition related to the temperature of
each of the touch detection electrodes TDL such as an exter-
nal cooling factor, the temperature distribution in the entire
liquid crystal display unit 160A can be more uniform.

[0080] Asillustrated in FIG. 16, a resistance measuring line
1204 coupled to the measuring unit 120 may be arranged
between the power line 152a and the end parts 202a and 2025.
In this case, the specifying unit 135 specifies the temperature
of the touch detection electrode TDL in each group based on
a difference in the electric resistance values due to the differ-
ence between a distance from the resistance measuring line
1204 to the end part 2024 and a distance from the resistance
measuring line 120a to the end part 2026 of each group.
Specifically, the specifying unit 135 specifies the temperature
of each group ofthe touch detection electrodes TDL using the
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temperature model data 142 that is provided based on the
difference between the distance from the resistance measut-
ing line 1204 to the end part 202a and L2 from the resistance
measuring line 120a to the end part 2025 of each group, for
example.

[0081] The touch detection electrode TDL illustrated in
FIG. 10 and others has a shape having an outer edge along the
Y-direction, but this is merely an example of the shape of the
touch detection electrode TDL. The shape of the touch detec-
tion electrode TDL is not limited thereto, and can be appro-
priately changed.

[0082] FIG. 17 and FIG. 18 are diagrams illustrating an
example of a relation between a rewriting time for rewriting
the image in the liquid crystal display unit 160A, a touch
detecting time by the touch detection unit 320, and an appli-
cation time of a voltage for heating by the application unit
110. For example, when 6<E<e is satisfied assuming that the
temperature of the liquid crystal display unit 160A is € (° C.),
the liquid crystal display unit 160A is not heated, display is
not ended, and the liquid crystal display unit 160A operates.
In this case, as illustrated in FIG. 17 for example, the control
unit 130 rewrites the image displayed by the liquid crystal
display unit 160A at a predetermined refresh rate, and detects
proximity or contact of an object with respect to the display
surface in a predetermined touch detection cycle. The touch
detection unit 320 performs touch detection processing to
scan the display surface by performing, for example, touch
detection processing using the group of the touch detection
electrodes TDL on one end in the X-direction among the
touch detection electrodes TDL arranged in parallel in the
X-direction, and subsequently, performing touch detection
processing using the group of the touch detection electrodes
TDL adjacent to the other end side. After completing touch
detection processing using the group of the touch detection
electrodes TDL on the outermost end of the other end side, the
touch detection unit 320 performs touch detection processing
using the group of the touch detection electrodes TDL on the
one side again. In this way, the touch detection processing is
repeated. FIG. 17 illustrates an example of a case of perform-
ing touch detection processing for operating the display sur-
face two times within a time in which the image is once
refreshed. However, this is merely an example, and the
embodiment is not limited thereto. A relation between the
refresh rate of the image and the cycle of the touch detection
processing is arbitrary.

[0083] In other words, when the liquid crystal display unit
160A is not required to be heated, as illustrated in F1G. 17, the
control unit 130 causes an assignment time for using the touch
detection electrode TDL for heating to be zero, and assigns
the entire time utilizing the touch detection electrode TDL to
the touch detection processing.

[0084] When the liquid crystal display unit 160A is heated,
the control unit 130 assigns the application time of a voltage
for heating by the application unit 110 and the touch detecting
time by the touch detection unit 320 ina time division manner.
Specifically, the control unit 130 assigns, to heat processing,
a time in which the touch detection processing is once per-
formed from among the time in which the touch detection
processing is performed two times within the time in which
the image is once refreshed, for example. In this case, as
illustrated in FIG. 18, every time when the display surface is
once scanned through the touch detection processing within
the time in which the image is once refreshed, the application
unit 110 outputs the pulse signal for heating to the touch
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detection electrode TDL for a time period equal to the scan-
ning time. In this way, the control unit 130 of the liquid crystal
display device 100A assigns the application time of a voltage
for heating by the application unit 110 and the touch detecting
time by the touch detection unit 320 in a time division manner
according to the temperature of the liquid crystal display unit
160A.

[0085] An assignment ratio of the application time of a
voltage for heating by the application unit 110 and the touch
detecting time by the touch detection unit 320 is arbitrary. The
control unit 130 may change a ratio of the application time of
avoltage for heating by the application unit 110 depending on
a difference between the temperature of the liquid crystal
display unit 160A and the heating required temperature in a
case in which the temperature of the liquid crystal display unit
160A is equal to or lower than the heating required tempera-
ture. Specifically, for example, when the temperature of the
liquid crystal display unit 160A is equal to or lower than a
lower limit of the display operational temperature, the entire
time utilizing the touch detection electrode TDL may be
assigned to heat processing, and the time assigned to touch
detection processing may be caused to be zero. The control
unit 130 may reduce the time assigned to heat processing as
the temperature of the liquid crystal display unit 160A comes
close to the optimum operation temperature.

[0086] According to the second embodiment, proximity or
contact of the object with respect to the display surface can be
detected based on a change in the capacitance of the electrode
(touch detection electrode TDL) in addition to the effect of
the first embodiment. Due to this, the configuration for speci-
fying the temperature, heating, and performing touch detec-
tion can be further integrated. That is, the size of the liquid
crystal display device can be further reduced, the liquid crys-
tal display device including all of a configuration related to
measurement of the temperature, a configuration related to
heating, and a configuration related to touch detection.
[0087] The application time of a voltage applied by the
application unit 110 and the touch detecting time by the touch
detection unit 320 are assigned in a time division manner
according to the temperature of the liquid crystal display unit
160A. Accordingly, heating of the liquid crystal display unit
160A and touch detection with respect to the display surface
can be performed in parallel. When stronger heating is
required, the liquid crystal display unit 160A can be heated
more quickly by increasing a rate of the time assigned to heat
processing. When touch detection with higher accuracy is
required, update frequency of a touch detection result can be
increased by increasing a rate of the time assigned to touch
detection processing to increase execution frequency oftouch
detection processing, so that the touch detection result with
higher accuracy can be obtained.

[0088] Of the first coupling part 151 and the second cou-
pling part 152 used for coupling the application unit 110 to the
touch detection electrode TDL, for example, the second cou-
pling part 152 is also used for coupling the touch detection
unit 320 to the touch detection electrode TDL. Due to this, the
configuration for coupling with respect to the touch detection
electrode TDL can be further integrated. That is, the size of
the liquid crystal display device can be further reduced.
[0089] Next, the following describes application examples
of the liquid crystal display device described in the above
embodiments with reference to FIG. 19 to FIG. 21. The liquid
crystal display device described in the above embodiments
can be applied to electronic apparatuses in various fields such
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as a head-up display device, a vehicle-mounted display
device, and a smartphone. In other words, such aliquid crystal
display device can be applied to electronic apparatuses in
various fields that display a video signal input from the out-
side or a video signal generated inside as an image or video.

Application Example 1

[0090] FIG. 19 is a schematic diagram illustrating a head-
up display device (HUD) 1 to which the liquid crystal display
device 100 according to the present invention is applied. The
HUD 1 is mounted on a vehicle such as a car, bus, or a truck,
and displays information on a projection surface, for
example, a windshield of the vehicle. A driver M of the
vehicle can visually recognize the information displayed on a
windshield W almost without averting his/her eyes from a
foreground.

[0091] The HUD 1 includes the liquid crystal display
device 100 and a mirror Mi. The liquid crystal display device
100 includes a light source Li, the liquid crystal display unit
160 in which a plurality of electrodes (for example, the elec-
trodes A to J) are arranged, and components included in the
liquid crystal display device 100 that are not illustrated in
FIG. 19. Examples of the light source Li include, but are not
limited to, a light emitting diode (LED). The liquid crystal
display unit 160 is a liquid crystal display panel, but is not
limited thereto. The mirror Mi is a concave mirror for pro-
jecting an image of the liquid crystal display device 100 onto
the projection surface, for example, the windshield W. The
mirror Mi is not an essential component. The image of the
liquid crystal display device 100 may be directly projected
onto the windshield W. The image may be projected onto the
windshield W via a plurality of mirrors Mi. The HUD 1 has an
opening 5 at a position opposed to the windshield W and the
mirror Mi.

[0092] Animage P projected from the liquid crystal display
unit 160 is reflected by the mirror Mi, and passes through the
opening 5 to be projected onto the windshield W. The mirror
Mi enlarges the image P to be projected onto the windshield
W. The driver M visually recognizes, through the windshield
W, a virtual image PI of the image P projected from the liquid
crystal display unit 160.

[0093] The windshield W of the vehicle is irradiated with
light (sunlight) LS from the sun S. The sunlight LS emitted to
the windshield W passes through the opening 5 of the HUD 1
to be reflected by the mirror Mi, and is emitted to the liquid
crystal display unit 160. As described above, in reflecting the
image P displayed by the liquid crystal display unit 160, the
mirror Mi enlarges the image P to be projected onto the
windshield W. Due to this, the sunlight LS from the wind-
shield W is contracted by the mirror Mi to be emitted to the
liquid crystal display unit 160.

[0094] The temperature of the liquid crystal display unit
160 is raised by infrared rays included in the sunlight LS. The
sunlight LS is condensed by the mirror Mi, so that energy
density of the infrared rays emitted to the liquid crystal dis-
play unit 160 is increased. The liquid crystal display unit 160
is accommodated in a front panel IP of the vehicle, so that the
liquid crystal display unit 160 is used in an environment that
is easily filled with heat. Thus, the liquid crystal display unit
160 is used in an environment the temperature of which is
easily raised. On the other hand, the temperature of the liquid
crystal display unit 160 becomes low when it is disposed in a
low-temperature environment to which the sunlight LS is not
incident. The liquid crystal display device 100 is the liquid
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crystal display device according to the first embodiment, so
that the liquid crystal display device 100 can perform opera-
tion control corresponding to the temperature of the liquid
crystal display unit 160.

[0095] In the HUD 1 as described above, the sunlight LS
condensed by the mirror Mi in the environment to which the
sunlight LS is incident tends to be easily concentrated on the
center portion of the display surface of the liquid crystal
display unit 160. Accordingly, the electrodes may be arranged
only at the center part in the X-direction of the display surface
the temperature of which is easily increased. Alternatively,
the electrodes may be arranged overall in the X-direction on
the display surface, and more electrodes may be concentrated
on such a portion with higher density.

Application Example 2

[0096] FIG. 20 is a diagram illustrating an example of an
external appearance of a vehicle-mounted display device to
which the liquid crystal display device according to the
present invention is applied. The vehicle-mounted display
device illustrated in FIG. 20 is a car navigation device to
which the liquid crystal display device 100A according to the
embodiment is applied. The liquid crystal display device
100A is installed on a dashboard 800 inside the vehicle.
Specifically, for example, the liquid crystal display device
100A is installed on the dashboard 800 between a driver’s
seat 811 and a passenger seat 812. The liquid crystal display
device 100A of the car navigation device is utilized for dis-
playing navigation, displaying a music operation screen, or
reproducing and displaying movies.

Application Example 3

[0097] FIG. 21 is a diagram illustrating an example of an
external appearance of a smartphone 700 to which the liquid
crystal display device 100A according to the present inven-
tion is applied. The smartphone 700 includes, for example,
the liquid crystal display device 100A arranged on one sur-
face of a housing 710 thereof.

[0098] The command from the execution unit 136 in the
above embodiments is merely an example, and is not limited
thereto. For example, a cooling unit may be further provided
to the liquid crystal display unit 160 to be operated at the
display ending temperature or a high temperature close
thereto. A degree of cooling performed by the cooling unit
may be changed stepwise as the temperature comes close to
the display ending temperature. When the temperatures of
some of a plurality of electrodes exceed the display ending
temperature, display content in a display region correspond-
ing to the some electrodes may be switched to predetermined
content (for example, monochromatic display and the like).
Thereafter, by maintaining the display content in this region
to be the predetermined content, it is possible to suppress
disturbance in the display content that may be caused when
the display content is switched at a high temperature. Display
can be continued by performing normal display in a display
region in another portion. The backlight (for example, the
backlight BL) may be enabled to be individually controlled
by a unit corresponding to a specific resolution (fractionated
range) of the temperature distribution using the electrode, and
the execution unit 136 may be caused to output a command to
designate, as a control target, only a backlight at a portion the
temperature of which is equal to or higher than the display
ending temperature. Regarding a portion cooled by the cool-
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ing unit, a configuration may be provided for locally cooling
a portion the temperature of which is similarly increased (for
example, a wind collector and a wind direction changing
unit). For example, an alarming unit that gives an alarm of
voice and the like may be provided to give the alarm of voice
and the like when the temperatures of some or all of the
electrodes exceed the display ending temperature.

[0099] The control unit 130 that functions as the specifying
unit 135 and the execution unit 136 according to the embodi-
ments performs what is called software processing in which
the arithmetic unit 132 reads out the computer program from
the storageunit 131 to be executed. However, this is merely an
example of the specifying unit 135 and the execution unit 136,
and the embodiment is not limited thereto. The control unit
130 may be hardware such as an integrated circuit including
an application specific integrated circuit (ASIC), for
example. Alternatively, the specifying unit 135 and the execu-
tion unit 136 may be individually arranged.

[0100] The electrodes A to ] and the touch detection elec-
trode TDL are preferably subjected to a baking process. The
baking process on the electrodes further enhances heat gen-
eration efficiency of the electrodes when the voltage for heat-
ing is applied to the electrodes.

[0101] In the above embodiments, an object to which the
voltage forheating is applied by the application unit 110 is the
electrode used for specifying the temperature and the like (for
example, the electrodes A to J or the touch detection electrode
TDL). but is notlimited thereto. The application unit 110 may
apply the voltage for heating to the drive electrode (for
example, the common electrode COML) of the liquid crystal
display device to cause the drive electrode to generate heat.
[0102] Inthe above embodiments, the pulse signal for mea-
surement and the pulse signal for heating are output from the
same application unit 110. Alternatively, an application unit
for outputting the pulse signal for measurement and an appli-
cation unit for outputting the pulse signal for heating may be
individually arranged.

[0103] The present invention naturally encompasses other
working effects caused by the aspects described in the
embodiments that are obvious from the description herein or
appropriately conceivable by those skilled in the art.

[0104] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
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ing from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:

1. A liquid crystal display device comprising:

a liquid crystal display unit that displays an image;

a plurality of electrodes arranged in the liquid crystal dis-
play unit in parallel with one direction along a display
surface of the liquid crystal display unit;

ameasuring unit that measures electric resistance values of
the electrodes;

a specifying unit that specifies a temperature of the liquid
crystal display unit based on the electric resistance val-
ues of the electrodes; and

an application unit that applies, to the electrodes, a voltage
for causing the electrode to generate heat based on the
temperature of the liquid crystal display unit.

2. The liquid crystal display device according to claim 1,

further comprising:

a touch detection unit that detects proximity or contact of
an object with respect to the display surface based on a
change in capacitance of each of the electrodes.

3. The liquid crystal display device according to claim 2,

further comprising:

a control unit that assigns an application time of a voltage
applied by the application unit and a touch detecting
time by the touch detection unit in a time division man-
ner according to the temperature of the liquid crystal
display unit.

4. The liquid crystal display device according to claim 2,

wherein

the touch detection unit is electrically coupled to the elec-
trode via at least one coupling part, and

the application unit is electrically coupled to the electrodes
viatwo coupling parts including the atleast one coupling
part.

5. The liquid crystal display device according to claim 1,

further comprising:

an operation control unit that causes the liquid crystal
display unit to end display of the image when the tem-
perature of the liquid crystal display unit is equal to or
higher than a certain temperature.
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