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LIQUID CRYSTAL DISPLAY APPARATUS
INCLUDING TOUCH PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Applications
No. 2005-189855, filed Jun. 29, 2005; No. 2005-366545,
filed Dec. 20, 2005; and No. 2005-368291, filed Dec. 21,
2005, the entire contents of all of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display apparatus having a touch panel provided on a front
surface of a liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] There is known a liquid crystal display apparatus
having a touch panel for touch input arranged on a front
surface of a liquid crystal display device. This touch panel
has a structure in which a pair of sheets each having a
transparent resistance film formed on one surface of a
transparent substrate formed of a glass sheet or a resin film
are arranged in such a manner their respective resistance
films face each other with a gap therebetween (e.g., Jpn. Pat.
Appln. KOKAI Publication No. 2000-163208).

[0006] In this touch panel, assuming that the outer surface
of one of the pair of sheets is a touch surface, when an
arbitrary position on the touch surface is touched by a touch
pen or the like, a part of one sheet mentioned above
corresponding to a touched position is flexibly deformed,
and the resistance film on one sheet comes into contact with
the resistance film on the other sheet. At this time, a voltage
is alternately applied between both ends of one resistance
film in one direction and between both ends of the other
resistance film in a direction perpendicular to one direction,
and a voltage value at one end of one resistance film and a
voltage value at one end of the other resistance film are
measured, respectively. As a result, coordinates of the
touched point in one direction and the direction perpendicu-
lar to this direction can be detected.

[0007] In contrast, as a liquid crystal display device on
which a touch panel is arranged, there is known a transverse
electric filed control type having a structure in which a liquid
crystal is sealed between a pair of an observation-side
substrate and an opposite-side substrate facing each other
with a gap therebetween, and first and second display
electrodes are provided on one of inner surfaces of the pair
of substrates facing each other. The first and second display
electrodes being insulated from each other and supplying a
display drive voltage between themselves to generate a
transverse electric field in a direction substantially parallel to
the substrate surfaces (e.g., Jpn. Pat. Appln. KOKAI publi-
cation No. 159996-1997 and Ipn. Pat. Appln. KOKAI Pub-
lication No. 202356-1999).

[0008] This transverse electric field control type liquid
crystal display device supplies a display drive voltage cor-
responding to image data between the first and second
display electrodes on the inner surface of one substrate, and

Jan. 4, 2007

controls an alignment direction of liquid crystal molecules (a
direction of molecular long axes) within a plane substan-
tially parallel to the substrate surfaces by using a transverse
electric field generated between the display electrodes,
thereby displaying an image. This transverse electric field
control type liquid crystal display device has a wide viewing
angle.

[0009] The touch panel has a structure in which a pair of
resistance film sheets each having a resistance film formed
on one surface of a transparent substrate are arranged in such
a manner that their respective resistance film formed sur-
faces face each other with a gap therebetween, and has a
thickness obtained by adding a height of the gap between
these resistance film sheets to thicknesses of the pair of
resistance film sheets. Therefore, the liquid crystal display
device having the touch panel arranged on the observation
side has a problem that the total thickness including the
touch panel is large.

[0010] On the other hand, the transverse electric field
control type liquid crystal display device also has a problem
that display becomes unstable when an electrical-charged
matter such as a finger touches or moves close to the
observation-side surface because static electricity applied
from the observation side greatly affects control over an
alignment direction of liquid crystal molecules based on a
transverse electric field.

BRIEF SUMMARY OF THE INVENTION

[0011] TItis an object of the present invention to provide a
liquid crystal display apparatus which is provided with a
touch panel and whose thickness including the touch panel
can be reduced.

[0012] Further, it is another object of the present invention
to provide a liquid crystal display apparatus which can
perform stable display which is not affected by static elec-
tricity from an observation side and whose structure is
simplified to reduce the thickness thereof.

[0013] According to a first aspect of the present invention,
there is provided a liquid crystal display apparatus compris-
ing:

[0014] a liquid crystal display device; and

[0015] a touch panel,

[0016] the liquid crystal display device including:
[0017] first and second substrates which are arranged to

face each other with a gap therebetween, the first substrate
being positioned on an observation side and the second
substrate being positioned on an opposite side of the obser-
vation side where the first substrate is positioned,

[0018] a liquid crystal layer interposed between the first
and second substrates;

[0019] a first electrode which is provided on one of
opposed inner surface sides of the substrates, and a second
electrode which is provided on an inner surface side of one
of the first and second substrates and supplies a voltage
between itself and the first electrode to apply an electric field
to the liquid crystal layer; and

[0020] a pair of polarizing plates respectively arranged on
the observation side and the opposite side on the other side
of the substrates,



US 2007/0002192 Al

[0021] the touch panel having at least one first electrocon-
ductive film which is arranged on at least one of an outer
surface of the substrate and the polarizing plate on the
observation side in the liquid crystal display device and has
a predetermined resistance value, and detecting a specified
position on the first electroconductive film based on a
voltage previously applied to the first electroconductive film
and a voltage measured at the specified position.

[0022] The touch panel may comprise: means for applying
a predetermined voltage to the first electroconductive film;
means for measuring a voltage at the specified position on
the first electroconductive film; and position detecting
means for detecting the specified position based on a value
of the measured voltage.

[0023] The touch panel is preferably formed of a contact
type touch panel adopting a resistance mode which includes
a second electroconductive film arranged to face the first
electroconductive film with a gap therebetween, and
deforms the second electroconductive film by locally push-
ing the second electroconductive film from the observation
side, whereby the pushed part of the second electroconduc-
tive film is locally brought into contact with the first elec-
troconductive film.

[0024] The touch panel may comprise: a second electro-
conductive film arranged to face the first electroconductive
film with a gap therebetween; means for supplying a voltage
to the first and second electroconductive films; means for
measuring a voltage at the specified position on the first
electroconductive film and a voltage at the specified position
on the second electroconductive film, respectively; and
means for detecting the specified position based on values of
the plurality of measured voltages.

[0025] The first electroconductive film of the touch panel
is preferably provided on an outer surface of the observa-
tion-side substrate in the liquid crystal display device. The
liquid crystal display device may comprise an observation-
side polarizing plate arranged on the observation side on the
outer side of the substrates with a predetermined gap, and
the second electroconductive film of the touch panel is
formed on a surface of the observation-side polarizing plate
facing the observation-side substrate.

[0026] Preferably, the liquid crystal display device further
comprises an optical film having a phase plate which is
arranged on the observation side of the observation-side
substrate with a predetermined gap and optically compen-
sates transmitted light, and the second electroconductive
film of the touch panel is formed on a surface of the optical
film facing the observation-side substrate.

[0027] The liquid crystal display apparatus according to
claim 5, wherein the liquid crystal display device further
comprises an optical film having of a phase plate which is
arranged between the observation-side substrate and the
observation-side polarizing plate and optically compensates
transmitted light, and the touch panel further comprises a
transparent protection film which is arranged on the first
electroconductive film provided on the observation side of
the observation-side substrate in the liquid crystal display
device with a predetermined gap therebetween and has the
second electroconductive film formed on its surface facing
the first electroconductive film.

[0028] The liquid crystal display device may comprise at
least two of first and second electrodes which are formed on
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the inner surface side of one of substrates facing each other
and apply a voltage between themselves to apply an electric
field in a direction substantially parallel to the surfaces of the
substrates to the liquid crystal layer, and a third electrode
which is provided on the inner surface of the other substrate
and applies an electric field in a thickness direction of the
liquid crystal layer between itself and at least one of the first
electrode and the second electrode.

[0029] According to a second aspect of the present inven-
tion, there is provided a liquid crystal display apparatus
comprising:

[0030] a liquid crystal display device; and

[0031] a touch panel,

[0032] the liquid crystal display device having:

[0033] first and second substrates which are arranged to

face each other with a gap therebetween, the first substrate
being positioned on an observation side and the second
substrate being positioned on an opposite side of the obser-
vation side where the first substrate is positioned,

[0034] a liquid crystal layer interposed between the first
and second substrates;

[0035] a first electrode which is provided on one of
opposed inner surfaces of the substrates, ie. an inner
surface of one substrate, and a second electrode which is
provided on an inner surface of the one substrate or the other
substrate and supplies a voltage between itself and the first
electrode to apply an electric field to the liquid crystal layer;
and

[0036] a pair of polarizing plates which are arranged on
the observation side and the opposite side on the outer sides
of the first and second substrates, respectively, the touch
panel having;

[0037] a first electroconductive film which is provided on
an outer surface of the first substrate in the liquid crystal
layer and has a predetermined resistance value;

[0038] a second electroconductive film which is arranged
to face the first electroconductive film with a gap therebe-
tween, partially deformed to come into contact with the first
electroconductive film when a specified position in a region
corresponding to the first electroconductive film is pushed,
and has a predetermined resistance value, a voltage being
supplied to the first and second electroconductive films; and

[0039] position detecting means for measuring a voltage at
a position where the first electroconductive film and the
second electroconductive film come into contact with each
other, and detecting the contact position on the first electro-
conductive film based on the measured voltage.

[0040] In the second aspect, the liquid crystal display
device may comprise an observation-side polarizing plate
arranged on the observation side on the outer side of the first
and second substrates with a predetermined gap, and the
second electroconductive film of the touch panel is provided
on a surface of the observation-side polarizing plate facing
the first substrate.

[0041] Preferably, the liquid crystal display device further
comprises a film-like optical element which is arranged on
the observation side of the first substrate with a predeter-
mined gap and optically compensates transmitted light, and
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the second electroconductive film of the touch panel is
formed on a surface of the optical element facing the first
substrate.

[0042] The optical element is preferably formed of a phase
plate which compensates the viewing angle dependence of a
transmission factor of the liquid crystal display device. Also,
the touch panel preferably further comprises a transparent
protection film which is arranged on the observation side of
the first substrate of the liquid crystal display device with a
predetermined gap, and the second electroconductive film is
formed on a surface of the protection film facing the first
substrate.

[0043] The liquid crystal display device may be a liquid
crystal display device in which first and second electrodes
which generate an electric field in a thickness direction of
the liquid crystal layer are respectively formed on opposed
inner surfaces of the first and second substrates and an
inclination of liquid crystal molecules in the liquid crystal
layer with respect to the substrate surfaces is controlled to
control a transmission factor. Alternately, the liquid crystal
display device may be a transverse electric field type liquid
crystal display device in which first and second electrodes
which generate an electric field substantially parallel to
surfaces of the first and second substrates are formed on one
of opposed inner surfaces of the pair of substrates and an
alignment direction of liquid crystal molecules in the liquid
crystal layer is controlled within a plane parallel to the
surfaces of the substrates to control a transmission factor.
Alternately, the liquid crystal display device may be a
viewing angle control type liquid crystal display device in
which a third electrode is formed on the other one of
opposed inner surfaces of the first and second substrates and
an electric field is generated between the third electrode and
at least one of the first and second electrodes to obliquely
align the liquid crystal molecules with respect to the surfaces
of the substrates, thereby controlling a viewing angle of the
liquid crystal display device.

[0044] According to a third aspect of the present inven-
tion, there is provided a liquid crystal display apparatus
comptrising:

[0045] a liquid crystal display device; and

[0046] a touch panel,

[0047] the liquid crystal display device having:

[0048] first and second substrates which are arranged to

face each other with a gap therebetween, the first substrate
being positioned on an observation side and the second
substrate being positioned on an opposite side of the obser-
vation side where the first substrate is positioned,

[0049] a liquid crystal layer interposed between the first
and second substrates;

[0050] a first electrode provided on one of opposed inner
surfaces of the first and second substrates, and a second
electrode which is provided on an inner surface of the one
substrate or the other substrate and supplies a voltage
between itself and the first electrode to apply an electric field
to the liquid crystal layer; and

[0051] a pair of polarizing plates respectively arranged on
the observation side and the opposite side on the outer sides
of the first and second substrates,
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[0052]

[0053] an electroconductive film which is arranged on the
observation side of the liquid crystal display device and has
a resistance value;

[0054] voltage applying means for supplying a voltage
from both ends of the electroconductive film in one direction
and both ends in the other direction crossing one direction;

[0055] means for specifying an arbitrary position on the
electroconductive film; and

[0056] position detecting means for measuring a voltage at
a position on the electroconductive film specified by the
means for specifying the position, and detecting the speci-
fied position based on the measured voltage.

[0057] In the third aspect, the touch panel may comprise
another electroconductive film formed on the observation
side of a transparent film which is arranged on the obser-
vation side of the liquid crystal display device with a
predetermined gap through a spacer. Alternately, the touch
panel may comprise another electroconductive film formed
on the observation side of a transparent film closely arranged
on the observation-side polarizing plate in the liquid crystal
display device.

[0058]

[0059] In the liquid crystal display apparatus according to
the first aspect of the present invention, at least one first
electroconductive film is formed on at least one of the outer
surface of the substrate and the polarizing plate on the
observation side of the liquid crystal display device, and the
touch panel which detects a specified position on the first
electroconductive film based on a voltage previously applied
to the first electroconductive film and a voltage measured at
the specified position is formed, whereby a thickness includ-
ing the touch panel can be reduced.

[0060] In the liquid crystal display apparatus according to
the second aspect of the present invention, it is possible to
reduce a total thickness of the liquid crystal display appa-
ratus including the touch panel having: the first electrocon-
ductive film provided on the outer surface of the observa-
tion-side substrate of the liquid crystal display device; the
second electroconductive film which is arranged to face the
first electroconductive film with a gap therebetween and
partially deformed to come into contact with the first elec-
troconductive film by pressing a specified position in a
region corresponding to the first electroconductive film;
voltage supplying means for supplying a voltage to the first
and second electroconductive films; and position detecting
means for measuring a voltage of a position at which the first
electroconductive film and the second electroconductive
film come into contact with each other and detecting the
contact position on the first electroconductive film based on
the measured voltage.

[0061] Furthermore, when a transverse electric field type
liquid crystal display device having the first and second
electrodes formed on one of the pair of substrates is used as
the liquid crystal display device of the liquid crystal display
apparatus, stable display which is not affected by electro-
static electricity from the observation side can be performed,
and it is possible to obtain the liquid crystal display appa-
ratus with the touch panel whose structure is simplified to
reduce a thickness thereof.

the touch panel having;

liquid crystal display apparatus . . . claims 18-20.
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[0062] Since the liquid crystal display apparatus according
to the third aspect of the present invention comprises:
voltage applying means for respectively supplying voltages
from both ends of the first electroconductive film in one
direction and both ends in the other direction crossing one
direction; means for specifying an arbitrary position on the
electroconductive film; and position detecting means for
measuring a voltage at a position on the electroconductive
film specified by the means for specifying a position and
detecting the specified position based on the measured
voltage, a thickness of the liquid crystal display apparatus
provided with the touch panel can be reduced.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0063] FIG. 1 is a cross-sectional view of a liquid crystal
display apparatus according to a first embodiment of the
present invention;

[0064] FIG. 2 is a schematic block diagram of touched
position coordinate detecting means connected with a touch
panel of the liquid crystal display device;

[0065] FIG. 3 is a cross-sectional view of a liquid crystal
display apparatus according to a second embodiment of the
present invention;

[0066] FIG. 4 is a cross-sectional view of a liquid crystal
display apparatus according to a third embodiment of the
present invention;

[0067] FIG. 5is a cross-sectional view of a part of a liquid
crystal display apparatus according to a fourth embodiment
of the present invention;

[0068] FIG. 6 is a plan view of a part of one substrate of
a liquid crystal display device depicted in FIG. 5;

[0069] FIG. 7 is a view showing aligning treatment direc-
tions of alignment films and directions of transmission axes
of polarizing plates which are respectively provided on inner
surfaces of a pair of substrates of the liquid crystal display
device depicted in FIG. 5;

[0070] FIG. 8 is a schematic block diagram showing
touched position coordinate detecting means connected with
a touch panel of the liquid crystal display device depicted in
FIG. 5;

[0071] FIGS. 9A and 9B schematically show an arrange-
ment state of liquid crystal molecules when a vertical
electric field and a transverse electric field are not applied to
each pixel in the liquid crystal display device depicted in
FIG. 5, wherein FIG. 9A is a cross-sectional view and FIG.
9B is a plan view;

[0072] FIGS. 10A and 10B schematically show an
arrangement state of liquid crystal molecules when a vertical
electric field is not applied to each pixel but a transverse
electric field is applied to each pixel in the liquid crystal
display device depicted in FIG. 5, wherein FIG. 10A is a
cross-sectional view and FIG. 10B is a plan view;

[0073] FIGS. 11A and 11B schematically show an
arrangement state of liquid crystal molecules when a vertical
electric field is applied to each pixel and a transverse electric
field is not applied to each pixel in the liquid crystal display
device depicted in FIG. 4, wherein FIG. 11A is a cross-
sectional view and FIG. 11B is a plan view;

Jan. 4, 2007

[0074] FIGS. 12A and 12B schematically show an
arrangement state of liquid crystal molecules when a vertical
electric field and a transverse electric field are applied to
each pixel in the liquid crystal display device depicted in
FIG. 5, wherein FIG. 12A is a cross-sectional view and FIG.
12B is a plan view;

[0075] FIG. 13 is a cross-sectional view showing a part of
a liquid crystal display apparatus according to a fifth
embodiment of the present invention;

[0076] FIG. 14 is a plan view showing a part of one
substrate of a liquid crystal display device depicted in FIG.
13;

[0077] FIG. 15 is a cross-sectional view showing a liquid
crystal display apparatus according to a sixth embodiment of
the present invention;

[0078] FIG. 16 is a plan view showing a touch panel
depicted in FIG. 15;

[0079] FIG. 17 is a schematic block diagram showing
touched position coordinate detecting means connected with
the touch panel in the liquid crystal display apparatus
depicted in FIG. 15;

[0080] FIG. 18 is a schematic block diagram showing a
modification of the touched position coordinate detecting
means connected with the touch panel in the liquid crystal
display apparatus depicted in FIG. 15; and

[0081] FIG. 19 is a side view showing a modification
according to a seventh embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

First Embodiment

[0082] FIGS. 1 and 2 show a first embodiment of the
present invention, wherein FIG. 1 is a cross-sectional view
of a liquid crystal display device, and FIG. 2 is a schematic
block diagram of touched position coordinate detecting
means thereof.

[0083] As shown in FIG. 1, this liquid crystal display
device has a pair of transparent substrates 1 and 2 on an
observation side (an upper side in the drawing) and an
opposite side which are jointed with each other through a
frame-like sealing material 3. A liquid crystal layer 4 is
sealed in a region surrounded by the sealing material 3
between these substrates 1 and 2. First and second transpar-
ent electrodes 5 and 6 which are respectively provided on
opposed inner surfaces of the pair of substrates 1 and 2 to
face each other and form a plurality of pixel regions in which
the alignment state of liquid crystal molecules is controlled
by applying an electric field to the liquid crystal layer 4. A
pair of observation-side and opposite-side polarizing plates
8 and 9 are respectively arranged on outer surface sides of
the observation-side and opposite-side substrates 1, 2.

[0084] This liquid crystal display device is of an active
matrix liquid crystal display type in which a plurality of
pixel electrodes 6 are arranged in a matrix form in a row
direction and a column direction on the inner surface of one
substrate, e.g., the substrate 2 on the opposite side of the
observation side, and a single film-like opposed electrode 5
is provided on the inner surface of the other substrate, i.e.,
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the observation-side substrate 1 to face arrangement regions
of the plurality of pixel electrodes 6. Although not showr, in
this liquid crystal display device, a plurality of thin-film
transistors (TFTs) respectively connected with the plurality
of pixel electrodes 6, a plurality of scanning lines which
supply gate signals to the TFTs in each row and a plurality
of data lines which supply data signals to the TFTs in each
column are provided on the inner surface of one substrate
(the opposite-side substrate) 2.

[0085] Color filters 7R, 7G and 7B of three colors, i.e., red,
green and blue, are provided on the inner surface of the other
substrate (the observation-side substrate) 1 in accordance
with each of the plurality of pixels, and the opposed elec-
trode 5 is formed on the color filters 7R, 7G and 7B.

[0086] Alignment films (not shown) are provided on the
inner surface sides of the pair of substrates 1 and 2 to cover
the electrodes 5 and 6, and liquid crystal molecules in the
liquid crystal layer 4 are aligned in an alignment state which
is defined by the alignment films between the substrates 1
and 2.

[0087] This liquid crystal display device is of one of a TN
or STN type in which the liquid crystal molecules are
twist-aligned, a homeotropic alignment type in which the
liquid crystal molecules are substantially vertically aligned
with respect to the surfaces of the substrates 1 and 2, a
homogeneous alignment type in which the liquid crystal
molecules are aligned in substantially parallel to the surfaces
of the substrates 1 and 2 without twisting the liquid crystal
molecules and a bend alignment type in which the liquid
crystal molecules are bend-aligned. Alternatively, this liquid
crystal display device may be a ferroelectric or antiferro-
electric liquid crystal display device. The pair of polarizing
plates 8 and 9 are arranged with their transmission axes set
in relation to an alignment direction or the like of the liquid
crystal molecules in order to obtain excellent contrast.

[0088] Of the pair of polarizing plates 8 and 9, the
polarizing plate 9 on the opposite side of the observation
side is attached on the outer surface of the opposite-side
substrate 2, and the observation-side polarizing plate 8 is
arranged to face the outer surface of the observation-side
substrate 1 with a gap d0 therebetween. A rim portion of the
first side polarizing plate 8 is supported by the observation-
side substrate 1 through a frame-like spacer 10 which
surrounds a screen region in which the plurality of pixels are
arranged in a matrix form.

[0089] A first electroconductive film 11 which is consti-
tuted of one film-like transparent electroconductive film
corresponding to all of the screen region and has a prede-
termined resistance value is formed on an outer surface of
the observation-side substrate 1. A second electroconductive
film 12 (is provided on an inner surface of the polarizing
plate 8 facing the substrate 1.) The film 12 is constituted of
a transparent electroconductive film and flexibly deformed
together with the observation-side polarizing plate 8 to
locally come into contact with the first electroconductive
film 11 by a touch pressure locally applied to an outer
surface of the polarizing plate 8 and which has a predeter-
mined resistance value

[0090] Of the pair of substrates 1 and 2, at least the
observation-side substrate 1 is formed of a transparent
material, e.g., glass, and the first electroconductive film 11
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is formed of a transparent film, e.g., an ITO film formed on
the outer surface of the observation-side substrate.

[0091] A support of a polarization layer of at least the
observation-side polarizing plate 8 of the pair of polarizing
plates is constituted of a resin film made of triacetyl cellu-
lose, optically isotropic polycarbonate, polyether sulfone or
the like. The second electroconductive film 12 is constituted
of a transparent film, e.g., an ITO film formed on an outer
surface of the support of the observation-side polarizing
plate 8.

[0092] Although not shown in FIG. 1, a plurality of
columnar spacers (are preferably provided to protrude on
one of these electroconductive films 11 and 12 along a
column direction and a row direction with a predetermined
pitch.) The spacers define a constant gap between the first
and second electroconductive films 11 and 12 and are
formed of an insulating material. As a result, the second
electroconductive film 12 is apart from the first electrocon-
ductive film 11 in a state where no pressure is applied. When
an arbitrary position on the outer surface of the observation-
side polarizing plate 8 is touched by a touch pen 30 or the
like, the second electroconductive film 12 is flexibly
deformed together with the polarizing plate 8 by the touch
pressure and locally comes into contact with the first elec-
troconductive film 11 at a part corresponding to a point
touched by the touch pen 30 or the like.

[0093] First strip-like electrodes 11a and 115 each of
which is formed of a low-resistance metal film are provided
on the upper surface of the first electroconductive film 11 at
both end edges thereof along an entire length of each end
edge in one of two perpendicular directions parallel to a film
surface of the first electroconductive film 11, e.g., a direction
of a vertical axis (which will be referred to as a Y-axis
hereinafter) of the screen. Second strip-like electroconduc-
tive films 124 and 125 (see FIG. 2) each of which is formed
of a low-resistance metal film are provided on the lower
surface of the second electroconductive film 12 at both end
edges thereof along a substantially entire length of each edge
portion in the other one of the two directions, i.e., a direction
of a lateral axis (which will be referred to as an X-axis
hereinafter) of the screen.

[0094] Touched position coordinate detecting means
shown in FIG. 2 is electrically connected with the first
strip-like electrodes 11a and 115 and the second strip-like
electrodes 12a and 125.

[0095] The touched position coordinate detecting means is
provided with a voltage application circuit which alternately
applies a voltage having a fixed value between the second
strip-like electrodes 12¢ and 126 and between the first
strip-like electrodes 11a and 115, a voltage measurement
system which measures a voltage of one second strip-like
electrode 12a and a voltage of one first strip-like electrode
11a when the second electroconductive film 12 locally
comes into contact with the first electroconductive film 11,
and coordinate detecting means 29 which detects a coordi-
nate of the touch point based on the measured values.

[0096] The voltage application circuit has a constant volt-
age power supply or D.C. source 17, a first switch 20 which
selectively and electrically connects one pole (a negative
pole in the figure) of this constant voltage power supply 17
with one first strip-like electrode 11a or one second strip-like
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electrode 124, and a second switch 23 which selectively and
electrically connects the other pole (a positive pole in the
figure) of the constant voltage power supply 17 with the
other first strip-like electrode 116 or the other second
strip-like electrode 125. Although the constant voltage
power supply 17 depicted in FIG. 2 is a direct-current power
supply, this constant voltage power supply 17 may be a
power supply which supplies an alternating voltage.

[0097] The voltage measurement system has voltage mea-
suring means 28 having one terminal electrically connected
with one pole (a negative pole in the figure) of the constant
voltage power supply 17, and a third switch 27 which
selectively and electrically connects one first strip-like elec-
trode 11a or one second strip-like electrode 12a with the
other terminal of this voltage measuring means 28.

[0098] In the voltage application circuit, non-illustrated
controlling means switches the first and second switches 20
and 23 between a side or position where the second strip-like
electrodes 12¢ and 124 are connected with the constant
voltage power supply 17 (a state shown in FIG. 2) and a side
or position where the first strip-like electrodes 11a and 115
are connected with the constant voltage power supply 17 in
a preset cycle, e.g., a cycle of 0.1 seconds. As a result, a
voltage having a constant value from the constant voltage
power supply 17 is alternately applied between both ends of
the second electroconductive film 12 in the X-axis direction
(between the strip-like electrodes 12a and 12b) and between
both ends of the first electroconductive film 11 in the Y-axis
direction (between the strip-like electrodes 11a and 115).

[0099] When the voltage is applied between both ends of
the second electroconductive film 12 in the X-axis direction,
the third switch 27 is switched to a side or position where the
other terminal of the voltage measuring means 28 is con-
nected with the strip-like electrode 11a (the state shown in
FIG. 2), and the coordinate detecting means 29 thereby
detects a coordinate of the touched point in the X-axis
direction (which will be referred to as an X-coordinate
hereinafter) based on the measured value of the voltage
measuring means 28. When the voltage is applied between
both ends of the first electroconductive film 11 in the Y-axis
direction, the third switch 27 is switched to a side or position
where the other end of the voltage measuring means 28 is
connected with the strip-like electrode 12a, and the coordi-
nate detecting means 29 detects a coordinate of the touch
point in the Y-axis direction (which will be referred to as a
Y-coordinate hereinafter) based on the measured value of the
voltage measuring means 28.

[0100] That is, according to this liquid crystal display
device, the observation-side polarizing plate 8 is arranged on
the outer surface side of the observation-side substrate 1
with a gap therebetween, the rim portion thereof is supported
by the observation-side substrate through the frame-like
spacer 10. Further the first electroconductive film 11 is
formed on the outer surface of the observation-side substrate
1, and the second electroconductive film 12 which is flexibly
deformed together with the observation-side polarizing plate
8 to locally come into contact with the first electroconduc-
tive film 11 by a touch pressure locally applied to the outer
surface of the observation-side polarizing plate 8 is provided
on the inner surface of the observation-side polarizing plate
8 facing the observation-side substrate 1. Thus, there is
formed the touch panel having the polarizing plate arranged
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on the outer surface side of the observation-side substrate
being used as a touch surface.

[0101] According to this liquid crystal display device, at
least one first electroconductive film is formed on at least
one of the outer surface of the liquid crystal display appa-
ratus and the polarizing plate, the touch panel which detects
a position specified on the first electroconductive film based
on a voltage previously applied to the first electroconductive
film and a voltage measured at the specified position is
formed, thereby reducing the thickness of the liquid crystal
display apparatus including the touch panel.

Second Embodiment

[0102] FIG. 3 is a cross-sectional view showing a liquid
crystal display apparatus according to a second embodiment
of the present invention. In this embodiment, like reference
numerals denote members or parts which are substantially
equal to those in the first embodiment, thereby eliminating
their explanation.

[0103] According to a liquid crystal display device appa-
ratus of this embodiment, an optical compensation film 13
which compensates display characteristics is arranged on a
surface of an observation-side polarizing plate 8 close to an
observation-side substrate 1 side, a second electroconduc-
tive film 12 is formed on a surface of the optical compen-
sation film 13 close to the observation-side substrate 1 side,
and other structures are the same as those in the first
embodiment.

[0104] The optical compensation film 13 is formed of one
of a contrast compensation film such as a phase plate which
improves display contrast, and a discotic liquid crystal film
which compensates the viewing angle dependence of a
transmission factor of the liquid crystal display device to
increase a viewing field of display or a viewing field
compensation film such as a biaxial phase plate. Alterna-
tively, the optical compensation film 13 is formed of a
laminated film consisting of both these films.

[0105] In this embodiment, an ITO film is formed on one
surface of the optical compensation film 13 to form the
second electroconductive film 12, and an opposite surface of
the electroconductive film formed surface of this optical
compensation film 13 is attached to an inner surface of the
observation-side polarizing plate 8.

[0106] This liquid crystal display device can improve a
display quality such as display contrast and or a viewing
field since the optical compensation film 13 which compen-
sates display characteristics is laminated on the inner surface
of the observation-side polarizing plate 8.

[0107] Further, according to this liquid crystal display
device, since the second electroconductive film 12 is formed
on the surface of the optical compensation film 13, the
second electroconductive film 12 can be easily formed as
compared with a case where the second electroconductive
film 12 is directly formed on the surface of the observation-
side polarizing plate 8. Therefore, manufacture of the liquid
crystal display device can be facilitated.

[0108] Furthermore, according to this liquid crystal dis-
play device, the observation-side polarizing plate 8 can be
reinforced by the optical compensation film 13, thus increas-
ing the durability of the touch panel.
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Third Embodiment

[0109] FIG. 4 is a cross-sectional view showing a liquid
crystal display device according to a third embodiment of
the present invention. In this embodiment, like reference
numerals denote constituent parts equal to those in the first
and second embodiments, thereby eliminating their expla-
nation.

[0110] According to a liquid crystal display device of this
embodiment, an optical compensation film 13 which com-
pensates display characteristics and an optically isotropic
transparent film 14 are sequentially provided on a surface of
an observation-side polarizing plate 8 on an observation-side
substrate 1 side, a second electroconductive film 12 is
formed on a surface of the transparent film 14, and other
structures are the same as those in the first embodiment.

[0111] According to this liquid crystal display device,
since the optical compensation film 13 and the transparent
film 14 are laminated on the inner surface of the observation-
side polarizing plate 8 and the second electroconductive film
12 is formed on the surface of the transparent film 14,
display quality can be improved, and manufacture of the
liquid crystal display device can be facilitated. Furthermore,
the observation-side polarizing plate 8 is reinforced by the
optical compensation film 13 and the transparent film 14,
thus further improving the durability of the touch panel.

[0112] It is to be noted that the liquid crystal display
device according to each of the first to third embodiments is
a transmission type display device provided with the pair of
polarizing plates 8 and 9 on the observation side and the
opposite side, but the present invention can be likewise
applied to a reflection type liquid crystal display device
which includes one polarizing plate 8 on the observation
side alone and has a reflecting film provided on an inner
surface or an outer surface of the opposed substrate 2.

Fourth Embodiment

[0113] Although the liquid crystal display apparatus
according to each of the first to third embodiments is of a
vertical electric field control type which generates a vertical
electric field (an electric field in the thickness direction of a
liquid crystal layer) between the electrodes provided on the
inner surfaces of the pair of substrates to change an align-
ment state of liquid crystal molecules, the present invention
is not restricted to the vertical electric field control type. The
present invention can be also applied to a transverse electric
field control type liquid crystal display device which has,
e.g., comb-like first and second electrodes forming a plu-
rality of pixels provided on an inner surface of a pair of
substrates and generates a transverse electric field (an elec-
tric field in the direction along substrate surfaces) between
these electrodes to change an alignment state of liquid
crystal molecules.

[0114] FIGS. 5to 12A and 12B show a fourth embodiment
of the present invention, wherein FIG. 5 is a cross-sectional
view showing a part of a liquid crystal display device, and
FIG. 6 is a plan view showing a part of one substrate in the
liquid crystal display device. In this embodiment, like ref-
erence numerals denote members equal to those in the first
embodiment, thereby eliminating their explanation.

[0115] In a liquid crystal display apparatus according to
this embodiment, as shown in FIGS. 5 and 6, a liquid crystal
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display device is provided with a pair of transparent sub-
strates 101 and 102 on an observation side (an upper side in
FIG. 5) and an opposite side which face each other with a
gap therebetween. A liquid crystal layer 104 of a nematic
liquid crystal is sealed between the pair of substrates 101 and
102 and has a positive dielectric anisotropy. First and second
transparent display electrodes 105 and 106 are insulated
from each other, provided on one of opposed inner surfaces
of the pair of substrates 101 and 102, e.g., an inner surface
of the substrate 102 on the opposite side of the observation
side, and generate a transverse electric field in a direction
substantially parallel to the surface of the substrate 102 in
the liquid crystal layer 104 by supplying a display drive
voltage between these electrodes. A pair of polarizing plates
8 and 9 are arranged with the pair of substrates 101 and 102
therebetween.

[0116] According to this liquid crystal display device,
when a display drive voltage corresponding to image data is
supplied between the first and second display electrodes 105
and 106 which are insulated from each other and provided
on the inner surface of one substrate (which will be referred
to as an opposite-side substrate hereinafter) 102, a transverse
electric field in a direction substantially parallel to the
surface of the substrate 102 is generated between the first
and second display electrodes 105 and 106, and an align-
ment direction (a direction of molecular long axes) of liquid
crystal molecules in the liquid crystal layer 104 sealed
between the substrate 101 and 102 is controlled by the
transverse electric field within a plane substantially parallel
to the surface of the substrate 102, thereby display an image.
In this liquid crystal display device, each pixel 100 which is
a minimum unit for displaying an image is defined by a
region in which an alignment direction of the liquid crystal
molecules is controlled by the transverse electric field gen-
erated between the first and second display electrodes 105
and 106.

[0117] The pixels 100 are arranged in a matrix form in a
row direction (a lateral direction of a screen in the liquid
crystal display device) and a column direction (a vertical
direction of the screen). Of the first and second display
electrodes 105 and 106 arranged on the inner surface side of
the opposite-side substrate 102, the first display electrode
105 is formed in accordance with at least the entire region
of each pixel 100, and the second display electrode 106 is
formed into a shape having an area smaller than each pixel
100 on an interlayer insulating film 124 provided to cover
the first display electrode 105 and faces the first display
electrode 105 at edge portions thereof.

[0118] This liquid crystal display device is an active
matrix liquid crystal display device which selects and drives
the plurality of pixels 100 arranged in the matrix form by
using an active element formed of a thin-film transistor
(TFT) 116. The TFT 116 has a gate electrode 117 formed on
the opposite-side substrate 102, a gate insulating film 118
formed on a substantially entire surface of the opposite-side
substrate 102 to cover the gate electrode 117, an i-type
semiconductor film 119 which is formed on the gate insu-
lating film 118 to face the gate electrode 117, and a source
electrode 120 and a drain electrode 121 provided on both
side portions of the i-type semiconductor film 119 through
an n-type semiconductor film (not shown).

[0119] Furthermore, on the inner surface side of the oppo-
site-side substrate 102 are provided a plurality of gate wiring
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lines 122 which supply gate signals to the TFTs 116 in the
respective rows and a plurality of data wiring lines 123
which supply data signals to the TFTs 116 in the respective
columns. Each gate wiring line 122 is connected with the
gate display electrode 117 of the TFT 116 and each data
wiring line 123 is connected with the drain electrode 121 of
the TFT 116.

[0120] The first display electrode 105 is constituted of an
ITO film 105¢ formed into a shape corresponding to an
entire region of the pixel 100 in accordance with each pixel
row on the gate insulating film 118, and these ITO films
105a are equally connected with each other at end portions
thereof.

[0121] In this embodiment, a width of a part between
regions of the ITO films 1054 corresponding to the respec-
tive pixels 100 is small. However, this ITO film 105¢ may
be formed with a width corresponding to an entire region of
the pixel 100 over the entire length thereof, or it may be
formed as one electrode corresponding to an entire display
region of the liquid crystal display device in which the
plurality of pixels 100 are arranged.

[0122] Moreover, the second display electrode 106 is
constituted of a comb-like ITO film 1064 patterned into a
comb-like shape having a plurality of comb tooth portions,
e.g., four comb tooth portions formed at equal intervals, and
it is connected with the source electrode 120 of the TFT 116
at one end of a base portion of this comb-like ITO film 106
connecting the respective comb tooth portions.

[0123] The interlayer insulating film 124 is provided on
substantially the entire surface of the opposite-side substrate
102 to cover the first display electrodes 105, the TFTs 116
and the data wiring lines 123, and the comb-like ITO film
1064 is connected with the source electrode 120 of the TFT
116 in a contact hole (not shown) provided in the interlayer
insulating film 124.

[0124] Each tooth portion of the second display electrode
106 is formed into an elongated shape which is in parallel to
a direction inclined at an angle 6 of 5° to 15° to either a right
side or a left side with respect to the vertical direction of the
screen in the liquid crystal display device, i.e., a vertical axis
100v of the screen. A ratio d2/d1 of a width d1 of each of
these comb tooth portions and a gap d2 between the adjacent
comb tooth portions is set to %5 to % or preferably Y.

[0125] Moreover, this liquid crystal display device is
provided with a transparent viewing angle control electrode
125 provided on the inner surface side of the other one of the
pair of substrates 101 and 102, i.e., the observation-side
substrate 101 in accordance with at least the entire region of
the pixels 100.

[0126] When a viewing angle control voltage independent
from the display drive voltage supplied between the first and
second display electrodes 105 and 106 is supplied to one of
the first and second display electrodes 105 and 106 or
between these electrodes, this viewing angle control elec-
trode 125 generates a vertical electric field in a direction
substantially parallel to a thickness direction of the liquid
crystal layer 104 between the first display electrode 105
and/or the second display electrodes 106, and it is consti-
tuted of one film-like ITO film facing an entire arrangement
region of the plurality of pixels 100.
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[0127] This liquid crystal display device is provided with
colors filters 126R, 126G and 126B of three colors, i.e., red,
green and blue corresponding to each of the plurality of
pixels 100, the color filters 126R, 126G and 126B are
formed on the observation-side substrate 101, and the view-
ing angle control electrode 125 is formed on these color
filters.

[0128] Additionally, homogeneous alignment films 127
and 128 are provided on the inner surface sides of the
observation-side substrate 101 and the opposite-side sub-
strate 102 to cover the first and second display electrodes
105 and 106 and the viewing angle control electrode 125.
These alignment films 127 and 128 are respectively rubbed
in opposite directions to be aligned along a direction
obliquely crossing at a predetermined angle a direction of a
transverse electric field generated between the first and
second display electrodes 105 and 106.

[0129] The alignment films 127 and 128 are respectively
aligned in opposite directions along a direction obliquely
crossing at a predetermined angle (5° to 10°) a length
direction of an edge part of the second display electrode 106,
i.e., an edge part of each tooth portion of the comb-like ITO
film 106.

[0130] Both substrates 101 and 102 are jointed with each
other through a frame-like sealing material (not shown)
surrounding the arrangement region of the plurality of pixels
100 or the display region, and the liquid crystal layer 104 is
sealed in a region surrounded by the sealing material
between the observation-side substrate 101 and the opposite-
side substrate 102.

[0131] Liquid crystal molecules of the liquid crystal layer
104 are aligned in substantially parallel to the surfaces of the
substrates 101 and 102 with molecular long axes being
aligned in the aligning treatment directions of the alignment
films 127 and 128.

[0132] Further, in a state where the liquid crystal mol-
ecules of this liquid crystal display device are aligned in
substantially parallel to the surfaces of the substrates 101
and 102 with the molecular long axes being aligned in the
aligning treatment directions of the alignment films 127 and
128, a value of And (a product of a refractive anisotropy An
of the liquid crystal and a liquid crystal layer thickness d) is
set to approximately 275 nm which is a value of half of an
intermediate wavelength of a visible light band.

[0133] FIG. 7 shows aligning treatment directions (rub-
bing directions) 101a and 102 of the alignment films 127
and 128 of the observation-side substrate 101 and the
opposite-side substrate 102 and directions of transmission
axes 8a and 9a of the pair of polarizing plates 8 and 9 in the
liquid crystal display device.

[0134] As shown in FIG. 7, the alignment films 127 and
128 of the substrates 101 and 102 are subjected to the
aligning treatment in opposite directions along a direction
inclined at the angle 6 of 50° to 10° with respect to each
comb tooth portion formed into the elongated shape along a
direction inclined at the angle 0 toward a direction substan-
tially parallel to the vertical direction (a vertical axis 100v of
the screen) of the screen in the liquid crystal display device,
1.e., toward one of right and left directions with respect to the
vertical axis 100v of the screen. Of the pair of polarizing
plates 8 and 9, the observation-side polarizing plate 8 is
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arranged in such a manner that its transmission axis 8a
becomes substantially parallel to the aligning treatment
directions 101a and 102q, and the opposite-side polarizing
plate 9 is arranged in such a manner that its transmission axis
9a becomes substantially perpendicular or parallel to the
transmission axis 8« of the observation-side polarizing plate
8

[0135] Furthermore, in this embodiment, the transmission
axis 8a of the observation-side polarizing plate 8 is set to be
perpendicular to the transmission axis 9a of the opposite-
side polarizing plate 9 to constitute a liquid crystal display
device in a normally black mode.

[0136] Moreover, this liquid crystal display device is
further provided with a transparent touch panel 132 on the
outer surface side of the observation-side substrate 101 in
accordance with the entire display region. The touch panel
132 includes one film-like transparent antistatic first elec-
troconductive film 131 (which will be referred to as an
antistatic electroconductive film hereinafter) made of ITO or
the like having a predetermined resistance value and a
transparent second electroconductive film (which will be
referred to as a touch-side electroconductive film hereinaf-
ter) 134 which is oppositely arranged on the outer surface
side of the observation-side substrate 101 with a gap ther-
ebetween, faces the first electroconductive film 131 and
consists of ITO or the like having a predetermined resistance
value.

[0137] The observation-side polarizing plate 8 is attached
on an outer surface of the touch panel 132 (an observation-
side surface), and a transparent surface film (not shown)
which protects the observation-side polarizing plate 8
against touch input using a touch pen 130 (see FIG. 8) or the
like is attached on the outer surface of the observation-side
polarizing plate 8. A transparent film substrate 133 having an
outer shape substantially equal to that of the observation-
side substrate 101 and the touch panel 132 are constituted of
the transparent second electroconductive film 134 which is
provided on one surface of this film substrate 133 and is
made of ITO or the like and the transparent film substrate
133 which has this second electroconductive film 134 pro-
vided on the inner surface thereof and has the outer shape
substantially equal to that of the observation-side substrate
101. This second electroconductive film (which will be
referred to as a touch electroconductive film hereinafter) 134
is formed into a single film-like shape having an outer shape
substantially equal to the first electroconductive film 131.

[0138] Moreover, the touch film 132 is arranged on the
outer surface side of the observation-side substrate 101 in
such a manner that the touch-side electroconductive film 134
faces the antistatic electroconductive film 131 with an
appropriate gap therebetween through a frame-like spacer
(not shown) surrounding the screen region. The touch film
132 and the antistatic electroconductive film 131 form a
touch input portion which is flexibly deformed by local
touching from the observation-side to locally bring the
touch-side electroconductive film 134 into contact with the
antistatic electroconductive film 131.

[0139] As described above, according to this liquid crystal
display apparatus, the antistatic electroconductive film 131
provided on the outer surface side of the observation-side
substrate 101 and the touch panel 132 constituted of the film
substrate 133 arranged with a gap and the touch-side elec-
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troconductive film 134 provided on one surface of the film
substrate 133 form the touch input portion. Therefore, the
single film substrate 133 alone is provided, and hence the
configuration can be simplified to reduce the thickness.

[0140] FIG. 8 shows touched position coordinate detecting
means connected with the touch input portion in the liquid
crystal display device.

[0141] Assuming that the lateral direction of the screen of
the liquid crystal display device 200 is an X-axis and a
vertical direction of the screen is a Y-axis, this touched
position coordinate detecting means detects a position on the
touch panel 132 touched by the touch pen 130 or the like,
ie., an X-axis coordinate and a Y-axis coordinate of the
contact position of antistatic electroconductive film 131 and
the touch-side electroconductive film 134. This touched
position coordinate detecting means is constituted of: an
X-axis power supply system which supplies an X-axial
voltage of an X-axis power supply or D.C. source 142
between both end edges of the antistatic electrocondutive
film 131 in the X-axis direction in a fixed cycle; a Y-axis
power supply system which supplies a Y-axial voltage of a
Y-axis power supply 146 between both end edges of the
touch-side electroconductive film 134 in the Y-axis direction
in a cycle having a reversed phase with respect to the X-axial
voltage supply cycle; an X-axis coordinate detecting portion
149 which detects an X-axis coordinate of the touched
position based on a voltage value fetched from one end edge
of the touch-side electroconductive film 134 in the Y-axis
direction when the X-axial voltage is supplied to the anti-
static electroconductive film 131; and a Y-axis coordinate
detecting portion 150 which detects a Y-axis coordinate of
the touched position based on a voltage value at one end
edge of the antistatic electroconductive film 131 in the
X-axis direction when the Y-axial voltage is supplied to the
touch-side electroconductive film 134.

[0142] The X-axis power supply system includes a first
switch 143 which switches connection between one pole of
the X-axis power supply 142 and one end edge of the
antistatic electroconductive film 131 in the X-axis direction
and connection between one pole of the X-axis power
supply 142 and the Y-axis coordinate detecting portion 150,
and a second switch 144 which turns on/off connection
between the other pole of the X-axis power supply 142 and
the other end edge of the antistatic electroconductive film
131 in the X-axis direction in synchronization with the first
switch 143.

[0143] Moreover, the Y-axis power supply system
includes a third switch 147 which alternately switches
connection between one pole of the Y-axis power supply or
D.C. source 146 and one end edge of the touch-side elec-
troconductive film 134 in the Y-axis direction and connec-
tion between one pole of the Y-axis power supply 146 and
the X-axis coordinate detecting portion 149 at a timing
opposite to that of the first switch 143, and a fourth switch
148 which turns on/off connection between the other pole of
the Y-axis power supply 146 and the other end edge of the
touch-side electroconductive film 134 in the Y-axis direction
in synchronization with the third switch 147.

[0144] Linear electrodes 131a, 1315, 134a and 134b
which equally apply the X-axial voltage and the Y-axial
voltage, respectivelly and are formed of a low-resistance
metal film superimposed on each end edge over the entire
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length are provided at both end edges of the antistatic
electroconductive film 131 in the X-axis direction and both
end edges of the touch-side electroconductive film 134 in the
Y-axis direction, respectively.

[0145] The touched position coordinate detecting means
alternately supplies the X-axial voltage and the Y-axial
voltage between both end edges of the antistatic electrocon-
ductive film 131 in the X-axis direction and between both
end edges of the touch-side electroconductive film 134 in the
Y-axis direction. When the X-axial voltage is supplied to the
antistatic electroconductive film 131, a voltage in the X-axis
direction corresponding to a position of a contact part
between the antistatic electroconductive film 131 and the
touch-side electroconductive film 134 is acquired from the
end edges of the touch-side electroconductive film 134 in the
Y-axis direction through the contact part, and an X-axis
coordinate of the touched position is detected based on the
voltage value by the X-axis coordinate detecting portion
149. When the Y-axial voltage is supplied to the touch-side
electroconductive film 134, a voltage in the Y-axis direction
corresponding to the position of the contact part between the
antistatic electroconductive film 131 and the touch-side
electroconductive film 134 is acquired from the end edges of
the antistatic electroconductive film 131 in the X-axis direc-
tion through the contact part, and a Y-axis coordinate of the
touched position is detected based on this voltage value by
the Y-axis coordinate detecting portion 150.

[0146] Inthe touched position coordinate detecting means
shown in FIG. 8, the X-axis power supply system and the
Y-axis power supply system are provided with the X and
Y-axis power supplies 142 and 146, respectively. However,
these power supply systems may be configured to share one
power supply like the first embodiment.

[0147] Since this liquid crystal display device controls an
alignment direction of the liquid crystal molecules based on
the transverse electric field to display an image, even if the
observation-side substrate 101 is inwardly deformed by
touching the touch panel 132 and display in this part is
distorted by a change in the liquid crystal layer thickness, an
electric field is not greatly distorted in the part with the
changed liquid crystal layer thickness. Therefore, after the
observation-side substrate 101 is restored by canceling
touching the touch panel 132, the distortion of display can
be rapidly eliminated without producing local storage of
electric charges. Accordingly, it is possible to perform
display without leaving the influence of touch input.

[0148] As described above, according to the liquid crystal
display device of this embodiment, when the display drive
voltage corresponding to image data is applied between the
first and second display electrodes 105 and 106 insulated
from each other and provided on the inner surface of one of
the pair of substrates 101 and 102 on the observation side
and the opposite side, e.g., the opposite-side substrate 102,
a transverse electric field in a direction substantially parallel
to the surface of the substrate 102 is generated between the
first and second display electrodes 105 and 106. Thus, an
alignment direction of the liquid crystal molecules (a direc-
tion of molecular long axes) in the liquid crystal layer 104
sealed between the pair of substrates 101 and 102 is con-
trolled within a plane substantially parallel to the surface of
the substrate 102 by using the transverse electric field,
thereby displaying an image. In this liquid crystal display
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device, the antistatic electroconductive film 131 is provided
in the entire region of the liquid crystal layer 104 on the
outer surface of the observation-side substrate 101, and this
antistatic electroconductive film 131 is used as one electrode
of the touch panel. Therefore, electrostatic electricity
applied from the observation side does not affect control
over the alignment direction of the liquid crystal molecules
by the transverse electric field, and the thickness can be
reduced.

[0149] Further, this liquid crystal display device is driven
as follows. FIGS. 9A, 9B to 12A and 12B show a concept
of a method of driving this liquid crystal display device. That
is, this liquid crystal display device is driven for display by
image display driving means having a signal source 136
which generates a display drive voltage corresponding to
image data, and a write switch 137 which supplies the
display drive voltage from the signal source 136 between the
first and second display electrodes 105 and 106 of each pixel
100 in the liquid crystal display device.

[0150] The write switch 137 supplies the display drive
voltage corresponding to image data between the first and
second display electrodes 105 and 106 of each pixel 100 in
the liquid crystal display device, and generates a transverse
electric field corresponding to the display drive voltage
between the first and second display electrodes 105 and 106.

[0151] Furthermore, this liquid crystal display apparatus is
provided with viewing angle control driving means having
a signal source 139 which generates a viewing angle control
voltage having a predetermined value and a viewing angle
control switch 140 which supplies the viewing angle control
voltage from the signal source 139 between one or both of
the first and second display electrodes 105 and 106 of each
pixel 100 in the liquid crystal display device, e.g., the first
display electrode 105 and the viewing angle control elec-
trode 125, thereby controlling a viewing angle for display to
a narrow viewing angle from a wide viewing angle.

[0152] When the viewing angle control switch 140 is
turned on, this viewing angle control driving means supplies
between the first display electrode 105 of each pixel 100 in
the liquid crystal display device and the viewing angle
control electrode 125 a viewing angle control voltage which
is independent from the display drive voltage supplied
between the first and second display electrodes 105 and 106.
Moreover, a vertical electric field in a direction substantially
parallel to the thickness direction of the liquid crystal layer
104 is generated between the first display electrode 105 and
the viewing angle control electrode 125. The viewing angle
control voltage is set to a value which generates a vertical
electric field which aligns the liquid crystal molecules to be
obliquely raised at a preset angle in a range of, e.g., 45° to
70° with respect to the surfaces of the substrates 101 and 102
between the first display electrode 105 and the viewing
angle control electrode 125.

[0153] The viewing angle control switch 140 is a
changeover switch which is turned off in accordance with
selection of a wide viewing angle by a viewing angle
selection key provided in an electronic device such as a
mobile phone including the liquid crystal display apparatus,
and turned on in accordance with selection of a narrow
viewing angle by the viewing angle selection key.

[0154] As described above, according to the liquid crystal
display device, the image display driving means supplies a



US 2007/0002192 Al

display drive voltage corresponding to image data between
the first and second display electrodes 105 and 106 on the
inner surface of the opposite-side substrate 102, and a
transverse electric field corresponding to the display drive
voltage is generated between the first and second display
electrodes 105 and 106, thereby displaying an image. The
viewing angle control driving means supplies a viewing
angle control voltage independent from the display drive
voltage between the first display electrode 105 on the inner
surface of the opposite-side substrate 102 and the viewing
angle control electrode 125 provided on the inner surface of
the observation-side substrate 101 in accordance with at
least the entire region of the pixel 100, and a vertical electric
field corresponding to the viewing angle control voltage is
generated between the first display electrode 104 and the
viewing angle control electrode 125, thereby controlling a
viewing angle.

[0155] FIGS. 9A and 9B and FIGS. 10A and 10B sche-
matically show a change in alignment of the liquid crystal
molecules in a single pixel 100 of the liquid crystal display
device in a state where a vertical electric field is not
generated. FIGS. 9A and 9B show an alignment direction
when the transverse electric field is not generated either, and
the liquid crystal molecules 104q are aligned in substantially
parallel to the surfaces of the substrates 101 and 102 in such
amanner that molecular long axes are aligned in the aligning
treatment directions 101a¢ and 102a of the alignment films
127 and 128 of the pair of substrates 101 and 102. When the
transverse electric field is generated between the first and
second display electrodes 105 and 106, a transverse electric
field in a direction substantially parallel to the surface of the
opposite-side substrate 102 is generated between the first
display electrode 105 and the edge portions of the second
display electrodes 106 as shown in FIGS. 10A and 10B, and
this transverse electric field allows the liquid crystal mol-
ecules 104q to be aligned with the molecular long axes being
aligned in a direction of the transverse electric field. The
liquid crystal molecules 1044 in other regions in the pixel
100 (regions corresponding to the center of each comb tooth
portion and the center between the adjacent comb tooth
portions of the second display electrode 106 formed of the
comb-like ITO film 106a) are likewise aligned by the
influence of a behavior of the liquid crystal molecules.

[0156] Furthermore, in a state where the vertical electric
field is not generated, the liquid crystal molecules 104
change its alignment direction (a direction of the molecular
long axes) within a plane substantially parallel to the sur-
faces of the substrates 101 and 102 by the transverse electric
field generated between the first and second display elec-
trodes 105 and 106. Therefore, the viewing angle depen-
dence of And of the liquid crystal display device is small,
thereby obtaining a wide viewing angle which is character-
istic of the transverse electric field control type liquid crystal
display device.

[0157] FIGS. 11A and 11B and FIGS. 12A and 12B
schematically show alignment directions of the liquid crystal
molecules of a single pixel 100 in the liquid crystal display
device in a state where a vertical electric field is generated.
FIGS. 11A and 11B show an alignment direction of the
liquid crystal molecules 104a when a transverse electric
field is not generated between the first and second display
electrodes 105 and 106, and FIGS. 12A and 12B show an
alignment direction of the liquid crystal molecules 104a

Jan. 4, 2007

when the transverse electric field is generated between the
first and second display electrodes 105 and 106.

[0158] When the viewing angle control voltage is applied
between the first display electrode 105 and the viewing
angle control electrode 125 in the pixel 100, a vertical
electric field in a direction substantially parallel to the
thickness direction of the liquid crystal layer 104 is gener-
ated between the display electrode 105 having a shape
corresponding to the entire region of the pixel 100 and the
viewing angle control electrode 125, and the liquid crystal
molecules 104¢ are aligned to be obliquely raised with
respect to the surfaces of the substrates 101 and 102 by this
vertical electric field.

[0159] Moreover, when the vertical electric field is gen-
erated, the liquid crystal molecules 104a change its align-
ment direction by a transverse electric field generated
between the first and second display electrodes 105 and 106
in a state where the liquid crystal molecules 104a are aligned
to be obliquely raised with respect to the surfaces of the
substrates 101 and 102.

[0160] That is, in the state where the vertical electric field
is generated, the liquid crystal molecules 104a are aligned in
the raised state in such a manner that the molecular long axes
are aligned in the aligning treatment directions 101a and
102a of the alignment films 127 and 128 of the pair of
substrate 101 and 102 as shown in FIG. 11B when the
transverse electric field is not generated between the first and
second display electrodes 105 and 106. The liquid crystal
molecules 104a are aligned in such a manner that the
molecular long axes are aligned in a direction of the trans-
verse electric field as shown in FIG. 12B when the trans-
verse electric field is generated between the first and second
display electrodes 105 and 106.

[0161] Additionally, in a state where the transverse elec-
tric field is generated, the viewing angle dependence of And
of the liquid crystal display device is increased due to rising
alignment of the liquid crystal molecules 104a in an oblique
direction. Therefore, display as seen from a front direction
of the liquid crystal display device (a direction in the vicinity
of a normal line of the liquid crystal display device) is
display with excellent contrast which is almost the same as
display in the state where the vertical electric field is not
generated. However, as seen from a direction obliquely
inclined with respect to the front direction, a phase differ-
ence which is different from seeing in the front direction is
produced due to the viewing angle dependence of And, and
display can be hardly visually recognized.

[0162] Therefore, at this time, a viewing angle with which
display can be visually recognized with sufficient contrast is
a narrow range in the front direction, and it is possible to
perform highly secure display with a narrow viewing angle
which cannot be overseer by other persons in an oblique
direction.

[0163] According to this liquid crystal display device, the
first and second display electrodes 105 and 106 which
generate a transverse electric field in a direction substan-
tially parallel to the surface of the substrate 102 between
themselves by supplying a display drive voltage therebe-
tween are insulated from each other and provided on the
inner surface of one substrate (the opposite-side substrate)
102, and the viewing angle control electrode 125 is provided
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on the inner surface of the other substrate (the observation-
side substrate) 101 in accordance with at least the entire
region of the pixel 100 formed of a region in which an
alignment direction of the liquid crystal molecules 1044 is
controlled by a transverse electric field generated between
the first and second display electrodes 105 and 106. A
viewing angle control voltage independent from a display
drive voltage supplied between the first and second display
electrodes 105 and 106 is supplied between one of the first
and second display electrodes 105 and 106, e.g., the first
display electrode 105 and the viewing angle control elec-
trode 125, and the viewing angle control electrode generates
a vertical electric field in a direction substantially parallel to
the thickness direction of the liquid crystal layer 104.
Therefore, it is possible to perform wide viewing angle
display which is characteristic of the liquid crystal display
device of a transverse electric field control type and narrow
viewing angle display in which the liquid crystal molecules
104a are obliquely raised and aligned with respect to the
surfaces of the substrates 101 and 102 by the vertical electric
field to narrow a viewing angle. Further, the viewing angle
can be stably controlled in a sufficiently wide angle range.

[0164] Itisto be noted that a viewing angle control voltage
is supplied between the first display electrode 105 and the
viewing angle control electrode 125 in this embodiment, but
the viewing angle control voltage may be supplied between
the second display electrode 106 and the viewing angle
control electrode 125 to generate a vertical electric field
between this second display electrode 106 and the viewing
angle control electrode 125. In this case, the same wide
angle viewing angle display and narrow viewing angle
display can be performed.

[0165] Furthermore, according to this liquid crystal dis-
play device, the alignment films 127 and 128 formed on the
inner surfaces of the pair of substrates 101 and 102 are
respectively subjected to the aligning treatment in the oppo-
site directions along a direction which is substantially par-
allel to the vertical direction of the screen (the vertical axis
100v of the screen). Of the pair of polarizing plates 8 and 9,
the observation-side polarizing plate 8 is arranged in such a
manner that its transmission axis 8a becomes substantially
parallel to the aligning treatment directions 101a and 102a,
and the opposite-side polarizing plate 9 is arranged in such
a manner that its transmission axis 9a becomes substantially
perpendicular to the transmission axis 8a of the observation-
side polarizing plate 8. Therefore, it is possible to acquire a
wide viewing angle in an angle range inclined at substan-
tially the same angles in right and left directions with respect
to the normal line of the liquid crystal display device, and a
narrow viewing angle obtained by narrowing the angle range
at substantially the same angles from right and left direc-
tions.

[0166] Although the liquid crystal display device accord-
ing to the foregoing embodiment is in the normally black
mode, but it is possible to adopt a normally white mode in
which the observation-side and opposite-side polarizing
plates 8 and 9 are arranged in such a manner that their
transmission axes 8a and 9a become substantially parallel to
each other.

Fifth Embodiment

[0167] FIGS. 13 and 14 is a cross-sectional view showing
a part of a liquid crystal display device according to a fifth
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embodiment of the present invention, and a plan view
showing a part of one substrate in the liquid crystal display
device. In this embodiment, like reference numerals denote
corresponding parts in the fourth embodiment, thereby
eliminating their explanation.

[0168] According to the liquid crystal display device of
this embodiment, both first and second display electrodes
205 and 206 on an inner surface side of an opposite-side
substrate 102 are formed of comb-like ITO films 2054 and
206a patterned into a comb-like shape having a plurality of
comb tooth portions, these display electrodes 205 and 206
are provided in a direction parallel to the surface of the
substrate 102 with a gap therebetween, and other structures
are the same as those in the fourth embodiment.

[0169] In this embodiment, the first comb-like ITO film
205a forming the first display electrode 205 is formed into
a shape obtained by integrally connecting the comb-like ITO
films 205a corresponding to a plurality of pixels 100 in a
pixel row with each other in accordance with each of such
rows. The comb-like ITO films 2054 in each row are equally
connected at end portions thereof. The second comb-like
ITO films 206a forming the second display electrode 206 are
provided in accordance with each pixel 100, and respec-
tively connected with a plurality of TFTs 116 formed on the
inner surface of the opposite-side substrate 102.

[0170] Further, each tooth portion of the first comb-like
ITO film 2054 and the second comb-like ITO film 2064 is
formed into an elongated shape along a direction inclined at
an angle 6 of 5° to 15° in one of right and left directions with
respect to a vertical direction of a screen in the liquid crystal
display device, i.e., a vertical axis 100v of the screen. Each
of ratios d5/d3 and d5/d4 of widths d3 and d4 of these tooth
portions and a gap d5 between the tooth portion of the first
comb-like ITO film 2054 and the tooth portion of the second
comb-like ITO film 2064 is set to Y5 to ¥4, or preferably Y.

[0171] Inthe liquid crystal display device according to this
embodiment, likewise, an antistatic electroconductive film
131 which also serves as one electrode of a touch panel is
provided on an outer surface of an observation-side substrate
101 in accordance with an entire region of a liquid crystal
layer 104. Therefore, electrostatic electricity applied from
the observation side does not affect control over an align-
ment direction of liquid crystal molecules by a transverse
electric field. Accordingly, it is possible to perform stable
display which is not affected by the static electricity.

[0172] Furthermore, according to this liquid crystal dis-
play device, since the touch panel having the antistatic
electroconductive film 131 as one electrode is provided on
the outer surface side of the observation-side substrate 101,
the configuration can be simplified to reduce thickness, and
a touch input function can be provided.

[0173] Moreover, according to this liquid crystal display
device, since a viewing angle control electrode 125 is
provided on the inner surface side of the observation-side
substrate 101 like the liquid crystal display device according
to the first embodiment, both wide viewing angle display
and narrow viewing angle display can be carried out, and a
viewing angle in such display can be stably controlled in a
wide angle range.

[0174] Inthe liquid crystal display device according to the
fourth or fifth embodiment, the first and second display
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electrodes 105 and 106 or 205 and 206 which generate a
transverse electric field are provided on the inner surface
side of the substrate 102 on the opposite side of the obser-
vation side, and the viewing angle control electrode 125 is
provided on the inner surface side of the observation-side
substrate 101. However, conversely, the first and second
display electrodes may be provided on the inner surface of
the observation-side substrate 101, and the viewing angle
control electrode may be provided on the inner surface of the
opposite-side substrate 102.

[0175] Moreover, the touch panel according to the present
invention can be also applied to a liquid crystal display
device which does not perform viewing angle control.

Sixth Embodiment

[0176] FIGS. 15 to 17 show a liquid crystal display
apparatus according to a sixth embodiment of the present
invention, wherein FIG. 15 is a side view showing a cross
section of a touch panel portion, FIG. 16 is a plan view
showing the touch panel and FIG. 17 is a schematic block
diagram showing the touched position coordinate detecting
means. It is to be noted that, in this embodiment, like
reference numerals denote members equal to those in the
first embodiment, thereby eliminating their explanation.

[0177] A liquid crystal display apparatus according to this
embodiment is provided with a liquid crystal display device
displaying an image and a touch panel 300 constituted of one
transparent electroconductive film 311 arranged on an obser-
vation side of the liquid crystal display device. A touch pen
330 touches an arbitrary position on the electroconductive
film 311. Touched position coordinate detecting means is
provided as shown in FIG. 17.

[0178] As the liquid crystal display device, there is used a
liquid crystal display device which is of a TN or STN type
utilized in the first or fourth embodiment, a homeotropic
alignment type, a homogeneous type, a bend alignment type
or a transverse electric field type.

[0179] The electroconductive film 311 of the touch panel
300 is constituted of a transparent electroconductive film of,
e.g., ITO having a predetermined resistance value, and
formed on one entire surface of a transparent base substrate
310 formed of a resin film made of, e.g., optically isotropic
glass, triacetyl cellulose, polycarbonate or polyether sulfone
formed into a rectangular shape corresponding to an entire
screen region of the liquid crystal display device.

[0180] First strip-like electrodes 3124 and 3125 formed of
a low-resistance metal film are provided at both end edges
of this electroconductive film 311 in one of two directions
perpendicular to each other, e.g., a direction of a horizontal
axis (which will be referred to as an X-axis hereinafter) of
the screen of the liquid crystal display panel over the
substantially entire length of each edge portion, and second
strip-like electrodes 3134 and 3135 formed of a low-resis-
tance metal film are provided at both end edges in the other
direction, i.e., a direction of a vertical axis (which will be
referred to as a Y-axis hereinafter) of the screen over the
substantially entire length of each edge portion.

[0181] The first strip-like electrodes 312a and 3126 and
the second strip-like electrodes 313a and 3135 are formed to
avoid parts corresponding to corner portions of the electro-
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conductive film 311 in such a manner that these electrodes
are not directly short-circuited.

[0182] Additionally, the base substrate 310 is arranged on
the observation side of the liquid crystal display device in
such a manner that its surface on which the electroconduc-
tive film 311 is formed faces an observing direction, and an
outer rim portion of the other surface of the base substrate
310 is attached to an observation-side surface of the liquid
crystal display device (an outer surface of an observation-
side polarizing plate 8) through a frame-like spacer 314
made of an adhesive double coated film or the like.

[0183] The touch pen 330 has a structure in which an
electroconductive pen tip 330a made of a metal is provided
at an end of an insulative pen main body formed of a resin
pipe or the like, and the electroconductive pen tip 330a is
connected with a flexible cord 3305 led out from a rear end
of the pen main body.

[0184] Further, the touched position coordinate detecting
means is provided with a voltage application circuit which
alternately applies a voltage having a fixed value between
the first strip-like electrodes 312a and 3125 and between the
second strip-like electrodes 313a and 3134, voltage mea-
suring means or a voltmeter 325 which measures a voltage
at an arbitrary point on the electroconductive film 311 with
which the electroconductive pen tip 330a of the touch pen
330 comes into contact, and coordinate detecting means 326
which detects a coordinate of the point on the electrocon-
ductive film 311 touched by the touch pen 330 based on a
measured value of the voltage measuring means 325.

[0185] The voltage application circuit is provided with a
constant voltage power supply or D.C. source 317 formed of
a direct-current power supply, a first switch 320 which
switches connection between one pole (a negative pole in
the drawing) of this constant voltage power supply 317 and
one first strip-like electrode 312a or one second strip-like
electrode 313a, and a second switch 323 which switches
connection between the other pole of the constant voltage
power supply 317 and the other first strip-like electrode
3124 or the other second strip-like electrode 3135.

[0186] In the voltage application circuit, the first and
second switches 320 and 323 are switched between a side or
position where the first strip-like electrodes 312a and 3125
are connected with both poles of the constant voltage power
supply 317 (a state shown in FIG. 17) and a side or position
where the second strip-like electrodes 313a and 3135 are
connected with both poles of the constant voltage power
supply 317 by non-illustrated controlling means in a preset
period, e.g., a period of 0.1 seconds, and a voltage having a
fixed value is alternately applied from the constant voltage
power supply 317 between both ends of the electroconduc-
tive film 311 in the X-axis direction (between the strip-like
electrodes 312a and 3125) and between both ends of the
electroconductive film 311 in the Y-axis direction (between
the strip-like electrodes 313a and 3134).

[0187] The coordinate detecting means 326 calculates a
coordinate of the touched point on the electroconductive
film 311 in the X-axis direction (which will be referred to as
an X-coordinate) based on a measured value of the voltage
measuring means 325 when the voltage applied between
both ends of the electroconductive film 311 in the X-axis
direction, and calculates a coordinate of the touched point on
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the electroconductive film 311 in the Y-axis direction (which
will be referred to as a Y-coordinate) based on a measured
value of the voltage measuring means 325 when the voltage
is applied between both ends of the electroconductive film
311 in the Y-axis direction.

[0188] Detection of the X and Y-coordinates of the
touched point based on the measured values of the voltage
measuring means 325 is carried out by the following arith-
metic operation.

[0189] Assuming that V, is a voltage value of the constant
voltage power supply 317, 0 is an X-coordinate value at one
end of the electroconductive film 311 in the X-axis direction
(an inner edge of the strip-like electrode 312a), 1 is an
X-coordinate value at the other end of the electroconductive
film 311 in the X-axis direction (an inner edge of the
strip-like electrode 3126), x is an X-coordinate of the
touched point, r, is a resistance value between both ends of
the electroconductive film 311 in the X-axis direction
(between the inner edges of the strip-like electrodes 312a
and 312b) and R is an internal resistance value of the
voltmeter 325, rx<<R is achieved, and hence a measured
voltage value V(x) of the voltmeter 325 when the touch pen
330 is brought into contact with a position of the X-coor-
dinate x can be represented by the following expression:

Vx)=Vo(l-%)

[0190] Furthermore, assuming that 0 is a Y-coordinate
value at one end of the electroconductive film 311 in the
Y-axis direction (an inner edge of the strip-like electrode
313a), 1 is a Y-coordinate value at the other end of the
electroconductive film 311 in the Y-axis direction (an inner
edge of the strip-like electrode 3135), y 1s a Y-coordinate of
the touched point, and r, is a resistance value between both
ends of the electroconductive film 311 in the Y-axis direction
(between the inner edges of the strip-like electrodes 313a
and 3135), r,<<R is achieved, and hence a measured voltage
value V(y) of the voltmeter 325 when the touch pen 330 is
brought into contact with a position of the Y-coordinate y
can be represented by the following expression:

V»)=Vol-3)
[0191] Therefore, the X-coordinate x and the Y-coordinate

y of the touched point can be calculated based on the
following expressions:

x=1-V(x)vy
y=1-F)ve

[0192] That is, according to this liquid crystal display
apparatus, the touch panel is formed of the single electro-
conductive film 311 arranged on the observation side of the
liquid crystal display panel, the electroconductive film 311
is touched by the touch pen 330 having the electroconduc-
tive pen tip 330a, and a voltage at this touched position in
the X-coordinate direction and a voltage at the same in the
Y-coordinate direction are respectively measured. As a
result, the X-coordinate and the Y-coordinate of the touched
position can be detected.

[0193] Moreover, in this liquid crystal display apparatus,
since the touch panel is formed of the single electroconduc-
tive film 311, the thickness of the touch panel can be
reduced, thereby decreasing a thickness of the entire appa-
ratus as compared with a display apparatus including a
conventional touch panel.
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[0194] Additionally, according to this liquid crystal dis-
play apparatus, the electroconductive film 311 is formed on
one surface of the transparent base substrate 310, and the
base substrate 310 is arranged on the observation side of the
liquid crystal display device in such a manner that its surface
on which the electroconductive film 311 is formed faces the
observing direction. Therefore, a touch pressure locally
applied to the electroconductive film 311 can be received by
the base substrate 310, thus protecting the liquid crystal
display device against the touch pressure.

[0195] Further, according to this liquid crystal display
apparatus, since the outer rim portion of the other surface of
the base substrate 310 is attached to the observation-side
surface of the liquid crystal display device through the
frame-like spacer 314, a gap corresponding to the thickness
of the spacer 314 can be formed between the base substrate
310 and the liquid crystal display device. As a result, the
liquid crystal display device can be further effectively pro-
tected against the touch pressure.

[0196] Although the above has described the embodiment
in which the direct-current power supply is applied as the
voltage power supply 317 which alternately applies a volt-
age having a fixed value between both ends of the electro-
conductive film 311 in one of two directions perpendicular
to each other and between both ends of the same in the other
direction, the constant voltage power supply may be an
alternating-current power supply 417 like a modification
shown in FIG. 18.

[0197] Furthermore, in this embodiment, as shown in FIG.
19, the base substrate 310 may be omitted and the electro-
conductive film 311 may be formed on the polarizing plate
8 arranged on the observation-side. In such a case, the
supporting film supporting a polarizing layer of the polar-
izing plate 8 server as the base substrate 310, or that the
liquid crystal display device can be sufficiently protected
against the touch pressure.

[0198] Moreover, although the display apparatus accord-
ing to the foregoing embodiment is a liquid crystal display
apparatus including a liquid crystal display panel, the
present invention can be likewise applied to a display
apparatus including other display panels such as an elec-
troluminescence display panel.

What is claimed is:
1. A liquid crystal display apparatus comprising:

a liquid crystal display device; and
a touch panel,
the liquid crystal display device including:

first and second substrates which are arranged to face each
other with a gap therebetween, the first substrate being
positioned on an observation side and the second
substrate being positioned on an opposite side of the
observation side where the first substrate is positioned;

a liquid crystal layer interposed between the first and
second substrates;

a first electrode which is provided on one of opposed inner
surface sides of the substrates, and a second electrode
which is provided on an inner surface side of one of the
first and second substrates and supplies a voltage
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between itself and the first electrode to apply an electric
field to the liquid crystal layer; and

a pair of polarizing plates respectively arranged on the
observation side and the opposite side on the other side
of the substrates,

the touch panel having at least one first electroconductive
film which is arranged on at least one of an outer
surface of the substrate and the polarizing plate on the
observation side in the liquid crystal display device and
has a predetermined resistance value, and detecting a
specified position on the first electroconductive film
based on a voltage previously applied to the first
electroconductive film and a voltage measured at the
specified position.

2. The liquid crystal display apparatus according to claim
1, wherein the touch panel comprises: means for applying a
predetermined voltage to the first electroconductive film;
means for measuring a voltage at the specified position on
the first electroconductive film; and position detecting
means for detecting the specified position based on a value
of the measured voltage.

3. The liquid crystal display device according to claim 1,
wherein the touch panel is formed of a contact type touch
panel adopting a resistance mode which includes a second
electroconductive film arranged to face the first electrocon-
ductive film with a gap therebetween, and deforms the
second electroconductive film by locally pushing the second
electroconductive film from the observation side, whereby
the pushed part of the second electroconductive film is
locally brought into contact with the first electroconductive
film.

4. The liquid crystal display apparatus according to claim
1, wherein the touch panel comprises: a second electrocon-
ductive film arranged to face the first electroconductive film
with a gap therebetween; means for supplying a voltage to
the first and second electroconductive films; means for
measuring a voltage at the specified position on the first
electroconductive film and a voltage at the specified position
on the second electroconductive film, respectively; and
means for detecting the specified position based on values of
the plurality of measured voltages.

5. The liquid crystal display device according to claim 4,
wherein the first electroconductive film of the touch panel is
provided on an outer surface of the observation-side sub-
strate in the liquid crystal display device.

6. The liquid crystal display apparatus according to claim
5, wherein the liquid crystal display device comprises an
observation-side polarizing plate arranged on the observa-
tion side on the outer side of the substrates with a prede-
termined gap, and

the second electroconductive film of the touch panel is
formed on a surface of the observation-side polarizing
plate facing the observation-side substrate.
7. The liquid crystal display apparatus according to claim
5, wherein the liquid crystal display device further com-
prises an optical film having a phase plate which is arranged
on the observation side of the observation-side substrate
with a predetermined gap and optically compensates trans-
mitted light, and the second electroconductive film of the
touch panel is formed on a surface of the optical film facing
the observation-side substrate.
8. The liquid crystal display apparatus according to claim
5, wherein the liquid crystal display device further com-
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prises an optical film having of a phase plate which is
arranged between the observation-side substrate and the
observation-side polarizing plate and optically compensates
transmitted light, and

the touch panel further comprises a transparent protection
film which is arranged on the first electroconductive
film provided on the observation side of the observa-
tion-side substrate in the liquid crystal display device
with a predetermined gap therebetween and has the
second electroconductive film formed on its surface
facing the first electroconductive film.
9. The liquid crystal display apparatus according to claim
5, wherein the liquid crystal display device comprises at
least two of first and second electrodes which are formed on
the inner surface side of one of substrates facing each other
and apply a voltage between themselves to apply an electric
field in a direction substantially parallel to the surfaces of the
substrates to the liquid crystal layer, and a third electrode
which is provided on the inner surface of the other substrate
and applies an electric field in a thickness direction of the
liquid crystal layer between itself and at least one of the first
electrode and the second electrode.
10. A liquid crystal display apparatus comprising:

a liquid crystal display device; and
a touch panel,
the liquid crystal display device having:

first and second substrates which are arranged to face each
other with a gap therebetween, the first substrate being
positioned on an observation side and the second
substrate being positioned on an opposite side of the
observation side where the first substrate is positioned;

a liquid crystal layer interposed between the first and
second substrates;

a first electrode which is provided on one of opposed inner
surfaces of the substrates, i.e., an inner surface of one
substrate, and a second electrode which is provided on
an inner surface of the one substrate or the other
substrate and supplies a voltage between itself and the
first electrode to apply an electric field to the liquid
crystal layer; and

a pair of polarizing plates which are arranged on the
observation side and the opposite side on the outer
sides of the first and second substrates, respectively,

the touch panel having:

a first electroconductive film which is provided on an
outer surface of the first substrate in the liquid crystal
layer and has a predetermined resistance value;

a second electroconductive film which is arranged to face
the first electroconductive film with a gap therebe-
tween, partially deformed to come into contact with the
first electroconductive film when a specified position in
a region corresponding to the first electroconductive
film is pushed, and has a predetermined resistance
value, a voltage being supplied to the first and second
electroconductive films; and

position detecting means for measuring a voltage at a
position where the first electroconductive film and the
second electroconductive film come into contact with
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each other, and detecting the contact position on the
first electroconductive film based on the measured
voltage.

11. The liquid crystal display apparatus according to claim
10, wherein the liquid crystal display device comprises an
observation-side polarizing plate arranged on the observa-
tion side on the outer side of the first and second substrates
with a predetermined gap, and

the second electroconductive film of the touch panel is
provided on a surface of the observation-side polarizing
plate facing the first substrate.

12. The liquid crystal display apparatus according to
claim 10, wherein the liquid crystal display device further
comprises a film-like optical element which is arranged on
the observation side of the first substrate with a predeter-
mined gap and optically compensates transmitted light, and
the second electroconductive film of the touch panel is
formed on a surface of the optical element facing the first
substrate.

13. The liquid crystal display apparatus according to
claim 12, wherein the optical element is formed of a phase
plate which compensates the viewing angle dependence of a
transmission factor of the liquid crystal display device.

14. The liquid crystal display apparatus according to
claim 10, wherein the touch panel further comprises a
transparent protection film which is arranged on the obser-
vation side of the first substrate of the liquid crystal display
device with a predetermined gap, and

the second electroconductive film is formed on a surface

of the protection film facing the first substrate.

15. The liquid crystal display apparatus according to
claim 10, wherein the liquid crystal display device is a liquid
crystal display device in which first and second electrodes
which generate an electric field in a thickness direction of
the liquid crystal layer are respectively formed on opposed
inner surfaces of the first and second substrates and an
inclination of liquid crystal molecules in the liquid crystal
layer with respect to the substrate surfaces is controlled to
control a transmission factor.

16. The liquid crystal display apparatus according to
claim 10, wherein the liquid crystal display device is a
transverse electric field type liquid crystal display device in
which first and second electrodes which generate an electric
field substantially parallel to surfaces of the first and second
substrates are formed on one of opposed inner surfaces of
the pair of substrates and an alignment direction of liquid
crystal molecules in the liquid crystal layer is controlled
within a plane parallel to the surfaces of the substrates to
control a transmission factor.

17. The liquid crystal display apparatus according to
claim 1, wherein the liquid crystal display device is a
viewing angle control type liquid crystal display device in
which a third electrode is formed on the other one of
opposed inner surfaces of the first and second substrates and
an electric field is generated between the third electrode and
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at least one of the first and second electrodes to obliquely
align the liquid crystal molecules with respect to the surfaces
of the substrates, thereby controlling a viewing angle of the
liquid crystal display device.

18. A liquid crystal display apparatus comprising:

a liquid crystal display device; and
a touch panel,
the liquid crystal display device having:

first and second substrates which are arranged to face each
other with a gap therebetween, the first substrate being
positioned on an observation side and the second
substrate being positioned on an opposite side of the
observation side where the first substrate is positioned;

a liquid crystal layer interposed between the first and
second substrates;

a first electrode provided on one of opposed inner surfaces
of the first and second substrates, and a second elec-
trode which is provided on an inner surface of the one
substrate or the other substrate and supplies a voltage
between itself and the first electrode to apply an electric
field to the liquid crystal layer; and

a pair of polarizing plates respectively arranged on the
observation side and the opposite side on the outer
sides of the first and second substrates,

the touch panel having:

an electroconductive film which is arranged on the obser-
vation side of the liquid crystal display device and has
a resistance value;

voltage applying means for supplying a voltage from both
ends of the electroconductive film in one direction and
both ends in the other direction crossing one direction;

means for specifying an arbitrary position on the electro-
conductive film; and

position detecting means for measuring a voltage at a
position on the electroconductive film specified by the
means for specifying the position, and detecting the
specified position based on the measured voltage.

19. The liquid crystal display apparatus according to
claim 18, wherein the touch panel comprises another elec-
troconductive film formed on the observation side of a
transparent film which is arranged on the observation side of
the liquid crystal display device with a predetermined gap
through a spacer.

20. The liquid crystal display apparatus according to
claim 18, wherein the touch panel comprises another elec-
troconductive film formed on the observation side of a
transparent film closely arranged on the observation-side
polarizing plate in the liquid crystal display device.
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