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(57) ABSTRACT

A liquid crystal display apparatus includes first and second
electrodes which are provided on opposed inner surface of
a first substrate, and insulated from each other to generate in
a liquid crystal layer provided between the substrates a
transverse electric field in a direction substantially parallel to
substrate surfaces. A third electrode is provided on an inner
surface of a second substrate in accordance with an entire
region of a pixel defined by a region in which an alignment
state of liquid crystal molecules is controlled by the trans-
verse electric field. An image display circuit supplies a
display drive voltage corresponding to image data between
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the first and second electrodes to generate the transverse

(30) Foreign Application Priority Data electric field. A viewing angle control circuit supplies a
viewing angle control voltage between at least one of the

May 31, 2005 (JP) e 2005-160645  first and second electrodes and the third electrode to gener-

Oct. 31, 2005 (JP) coovvvvccsmmmerrrversnnissnnnnnns 2005-317253  ate between these electrodes a vertical electric field.
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LIQUID CRYSTAL DISPLAY APPARATUS
CAPABLE OF CONTROLLING RANGE OF
VIEWING ANGLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Applications
No. 2005-160645, filed May 31, 2005; and No. 2005-
317253, filed Oct. 31, 2005, the entire contents of both of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a viewing angle
control type liquid crystal display apparatus capable of
controlling a range of a viewing angle.

[0004] 2. Description of the Related Art

[0005] As a liquid crystal display apparatus, there is
known an apparatus including a transverse electric field type
liquid crystal display device display device having a struc-
ture in which a liquid crystal layer is interposed between a
pair of substrates facing each other through a gap, a plurality
of first and second electrodes which generate a transverse
electric field in a direction substantially parallel to the
substrate surfaces in the liquid crystal layer are provided to
be insulated from each other on one of opposed inner
surfaces of the pair of substrates, and a plurality of pixels
each formed of a region where an alignment state of liquid
crystal molecules in the liquid crystal layer is controlled by
the transverse electric field generated between the first and
second electrodes are arranged in a matrix form in a row
direction and a column direction.

[0006] This transverse electric fleld type liquid crystal
display device display device generates a transverse electric
field corresponding to image data between the first and
second electrodes provided on the inner surface of one
substrate and controls the alignment direction (long-axis
direction) of liquid crystal molecules by the transverse
electric field in a plane substantially parallel to the substrate
surfaces to display an image, and it has a wide viewing
angle.

[0007] For example, a liquid crystal display apparatus
mounted in an electronic device such as a mobile phone
requires viewing angle controllability which can switch a
viewing angle of display to a wide viewing angle and a
narrow viewing angle which prevents display from being
seen by persons other than a user of the liquid crystal display
apparatus.

[0008] As a viewing angle control type liquid crystal
display apparatus including the transverse electric field type
liquid crystal display device, there is conventionally an
apparatus having a configuration in which a third electrode
facing one of first and second electrodes is provided on an
inner surface of one substrate of the liquid crystal display
device, i.e., a substrate facing the other substrate on which
the first and second electrodes which generate a transverse
electric field are provided. In such an apparatus, a voltage
having the same value as a voltage corresponding to image
data applied to a part between the first and second electrodes
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or a value which is half of a voltage corresponding to the
image data is applied between one of the first and second
electrodes and the third electrode to distort equipotential
lines of the transverse electric field, and liquid crystal
molecules are aligned in an alignment state corresponding to
the distortion of the equipotential line to narrow the viewing
angle of display (see Jpn. Pat. Appln. KOKAI Publication
No. 1999-30783).

[0009] The conventional viewing angle control type liquid
crystal display apparatus applies a voltage having the same
value as a voltage corresponding to image data applied
between the first and second electrodes or a value which is
1/n of a voltage corresponding to the image data between
one of the first and second electrodes on the inner surface of
one substrate of the liquid crystal display device and the
third electrode on the inner surface of the other substrate to
distort equipotential lines of the transverse electric field, and
aligns liquid crystal molecules in an alignment state corre-
sponding to the distortion of the equipotential lines to
narrow the viewing angle of display. Therefore, the viewing
angle fluctuates in accordance with the image data, and
stable viewing angle control cannot be performed.

BRIEF SUMMARY OF THE INVENTION

[0010] Itis an object of the present invention to provide a
liquid crystal display apparatus which is provided with a
transverse electric field type liquid crystal display device
and can perform stable viewing angle control.

[0011] According to a first aspect of the present invention,
there 1s provided a liquid crystal display apparatus compris-
ing:

[0012] a pair of substrates arranged to face each other with
a gap therebetween;

[0013] aliquid crystal layer interposed between the pair of
substrates;
[0014] first and second electrodes which are provided on

opposed inner surface side of one of the pair of substrates,
and insulated from each other to generate in the liquid
crystal layer a transverse electric field in a direction sub-
stantially parallel to the substrate surfaces;

[0015] a third electrode which is provided on an inner
surface side of the other substrate in accordance with an
entire region of a pixel defined by a region in which an
alignment state of liquid crystal molecules is controlled by
the transverse electric field generated between the first and
second electrodes;

[0016] an image display circuit which supplies a display
drive voltage corresponding to image data between the first
and second electrodes to generate the transverse electric
field between the first and second electrodes;

[0017] a viewing angle control circuit which supplies a
viewing angle control voltage different from the display
drive voltage between at least one of the first and second
electrodes and the third electrode to generate between these
electrodes a vertical electric field in a direction substantially
parallel to a thickness direction of the liquid crystal layer;
and

[0018] a pair of polarizing plates arranged with the pair of
substrates therebetween.
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[0019] In this liquid crystal display apparatus, it is pref-
erable that the first electrode of the first and second elec-
trodes provided on an inner surface of one substrate is
formed in accordance with at least entire region of a pixel,
the second electrode is formed into a shape having an area
smaller than that of the first electrode and facing the first
electrode at an edge portion on an insulating film covering
the first electrode, and the viewing angle control circuit
includes a viewing angle controlling voltage supply circuit
which supplies a viewing angle controlling voltage between
the first electrode and a third electrode provided on an inner
surface of the other substrate. In this case, it is desirable for
the second electrode to be formed of a comb-like electro-
conductive film patterned into a comb-like shape having a
plurality of tooth portions. Alternatively, it is desirable for
the second electrode to be formed of a slit formed electro-
conductive film patterned into a shape having a plurality of
slits. Further, it is desirable that alignment films are respec-
tively formed on the inner surfaces of the pair of substrates
and the respective alignment films are subjected to an
aligning treatment in opposite directions along a direction
obliquely crossing a length direction of the edge portion of
the second electrode at a predetermined angle.

[0020] Furthermore, in this liquid crystal display appara-
tus, it is preferable for the first and second electrodes
provided on the inner surface of one substrate to be provided
in a direction along the substrate surfaces through a gap. In
this case, it is desirable that the first electrode is formed of
a first comb-like electroconductive film patterned into a
comb-like shape having a plurality of tooth portions and the
second electrode is formed of a second comb-like electro-
conductive film patterned into a comb-like shape having a
plurality of tooth portions which are respective adjacent to
the plurality of tooth portions of the first comb-like electro-
conductive film through a gap.

[0021] Moreover, in this liquid crystal display apparatus,
it is preferable that alignment films are respectively formed
on the inner surfaces of the pair of substrates and the
respective alignment films are subjected to an aligning
treatment in opposite directions along a direction obliquely
crossing a direction of a transverse electric field generated
between the first and second electrodes at a predetermined
angle.

[0022] Additionally, in this liquid crystal display appara-
tus, it is preferable that alignment films are respectively
formed on the inner surfaces of the pair of substrates, the
respective alignment films are subjected to an aligning
treatment in opposite directions along a direction substan-
tially parallel to a vertical direction of a screen of the liquid
crystal display apparatus, the polarizing plate on an obser-
vation side of the pair of polarizing plates is arranged in such
a manner that its transmission axis becomes substantially
parallel to the aligning treatment, and the polarizing plate on
the opposite side is arranged in such a manner that its
transmission axis becomes substantially perpendicular or
parallel to the transmission axis of the polarizing plate on the
observation side.

[0023] According to a second aspect of the present inven-
tion, there is provided a liquid crystal display apparatus
comprising:

[0024] a liquid crystal display device including:

[0025] a pair of substrates arranged to face each other with
a gap therebetween,
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[0026] aliquid crystal layer interposed between the pair of
substrates,

[0027] first and second electrodes which are arranged on
opposed inner surface sides of one of the pair of substrates,
and insulated from each other to generate in the liquid
crystal layer a transverse electric field in a direction sub-
stantially parallel to substrate substrates, and

[0028] a third electrode which is provided on an inner
surface side of the other substrate in accordance with an
entire region of each of a plurality of pixels defined by a
region in which an alignment state of liquid crystal mol-
ecules is controlled by at least the transverse electric field
generated between the first and second electrodes,

[0029] the plurality of pixels being arranged in a matrix
form in a row direction and a column direction; and

[0030] a drive circuit which sequentially selects the plu-
rality of pixels arranged in the matrix form in the liquid
crystal display device in accordance with each pixel row of
the plurality of pixels arranged in the row direction to
generate a first signal which is applied to the first electrode
to control the plurality of pixels in the pixel rows in
accordance with each selected pixel row and whose potential
varies in accordance with each horizontal scanning period
assigned to each pixel row, a second signal which has a
potential difference corresponding to image data with
respect to the first signal and is applied to the second
electrode, and a third signal whose potential varies in
synchronization with a change in potential of the first signal,
has a predetermined potential difference with respect to each
of the first signal and the second signal and is selectively
applied to the third electrode.

[0031] In this liquid crystal display apparatus, it is pref-
erable for the drive circuit to selectively apply a third signal
whose potential varies in antiphase with respect to a change
in potential of a first signal to the third electrode of the liquid
crystal display device. Alternatively, it is preferable for the
drive circuit to selectively apply a third signal whose poten-
tial varies in phase with respect to a change in potential of
the first signal and whose potential has an absolute value
different from the potential of the first signal to the third
electrode of the liquid crystal display device.

[0032] In this liquid crystal display apparatus, it is pref-
erable for the drive circuit to include: a first signal genera-
tion circuit which generates a first signal whose potential
varies in accordance with each horizontal scanning period;
a second signal generation circuit which generates a second
signal which supplies to the second electrode a potential
which changes to a value having a potential difference
corresponding to image data with respect to a potential of the
first signal in accordance with each horizontal scanning
period; a third signal generation circuit which generates a
third signal whose potential varies in antiphase or in phase
with respect to a change in potential of the first signal; and
selecting means for selecting application of the third signal
to the third electrode of the liquid crystal display device.

[0033] Furthermore, in this liquid crystal display appara-
tus, it is preferable that the liquid crystal display device
includes a plurality of active elements each of which is
arranged in accordance with each pixel and has an input
electrode and an output electrode for signals and a control
electrode which controls electrical conduction between the
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input and output electrodes. The control electrode is con-
nected with a scanning line in accordance with each row, the
input electrode is connected with a signal line in accordance
with each column, and the output electrode is connected
with the second electrode. The drive circuit includes: a
common signal generation circuit which generates a first
signal whose potential varies in accordance with each hori-
zontal scanning period and supplies the first signal to the first
electrode of the liquid crystal display device; an image
signal generation circuit which generates a second signal
which supplies to the second electrode a voltage whose
potential varies to a value having a potential difference
corresponding to image data with respect to a potential of the
first signal in accordance with each horizontal scanning
period, and supplies the second signal to the signal line; a
scanning signal generation circuit which generates a scan-
ning signal which achieves electrical conduction between
the input electrode and the output electrode of the active
element in selected row in one horizontal scanning period,
and supplies the scanning signal to the scanning line; a
viewing angle control signal generation circuit which gen-
erates a third signal whose potential varies in antiphase or in
phase with respect to a change in potential of the first signal;
and a signal selection circuit which selects supply of the
third signal to the third electrode of the liquid crystal display
device. In this case, it is preferable for each of the plurality
of active elements to be formed of a thin film transistor
having a gate electrode connected with the scanning line,
one of a drain electrode and a source electrode connected
with the signal line and the other one connected with the
second electrode.

[0034] Moreover, in this liquid crystal display apparatus,
it is preferable that the first electrode of the first and second
electrodes on the inner surface of one substrate in the liquid
crystal display device is formed in accordance with at least
an entire region of a pixel, and the second electrode is
formed into a shape having an area smaller than that of the
pixel and facing the first electrode at an edge portion on an
insulating film covering the first electrode. In this case, it is
desirable for the second electrode to be formed of a comb-
like electroconductive film patterned into a comb-like shape
having a plurality of tooth portions. Alternatively, it is
desirable for the second electrode to be formed of a slit
formed electroconductive film patterned into a shape having
a plurality of slits.

[0035] Further, in this liquid crystal display apparatus, it is
preferable for the liquid crystal display device to include:
homogeneous alignment films which are respectively
formed on the inner surfaces of the pair of substrates, define
an alignment direction of liquid crystal molecules at the time
of no electric field, and subjected to an alignment treatment
in opposite directions along a direction substantially parallel
to a vertical direction of a screen of the liquid crystal display
device; and a pair of polarizing plates arranged with the pair
of substrates therebetween, the polarizing plate on an obser-
vation side being provided in such a manner that its trans-
mission axis becomes substantially parallel to the alignment
treatment of the alignment films, the polarizing plate on an
opposite side of the observation side being provided in such
a manner that its transmission axis becomes substantially
perpendicular or parallel to the transmission axis of the
polarizing plate on the observation side.
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[0036] According to a third aspect of the present inven-
tion, there is provided a liquid crystal display apparatus
comprising:

[0037] liquid crystal displaying means having a liquid
crystal layer interposed between a pair of substrates
arranged to face each other with a gap therebetween, first
and second electrodes which generate in the liquid crystal
layer a transverse electric field in a direction substantially
parallel to the substrate surfaces, and a third electrode which
generates in the liquid crystal layer a vertical electric field in
a direction substantially parallel to a thickness direction of
the liquid crystal layer, the liquid crystal displaying means
controlling an alignment state of molecules of the liquid
crystal layer by the transverse electric field in accordance
with each pixel defined by a region of the liquid crystal layer
whose alignment is controlled by the transverse electric field
generated by the first electrode and the second electrode,
thereby displaying an image by using the plurality of pixels;

[0038] image displaying means for generating a display
drive signal corresponding to image data supplied thereto,
and supplying the generated display drive signal to the first
electrode and the second electrode to generate a transverse
electric field corresponding to the image data in accordance
with each of the plurality of pixels; and

[0039] viewing angle controlling means for receiving a
viewing angle selection signal for selection of a viewing
angle to be synchronized with the display drive signal,
generating a viewing angle controlling voltage different
from the display drive signal, and supplying the generated
voltage to the third electrode to generate the vertical electric
field in the liquid crystal layer of the plurality of pixels,
thereby restricting a range of the viewing angle.

[0040] According to the liquid crystal display apparatus
based on the first aspect of the present invention, a plurality
of first and second electrodes which generate a transverse
electric field parallel to substrate surfaces are provided on an
inner surface of one substrate of the liquid crystal display
device, a third electrode which generates a vertical electric
field parallel to a thickness direction of a liquid crystal layer
is provided on an opposed substrate surface, and the vertical
electric field which is independent from the transverse
electric field is selectively applied to the liquid crystal layer.
Therefore, it is possible to selectively perform wide viewing
angle display when driving using the transverse electric field
alone and narrow viewing angle display when driving using
both the transverse electric field and the vertical electric
field.

[0041] Furthermore, according to the liquid crystal display
apparatus based on the second aspect of the present inven-
tion, the plurality of first and second electrodes which
generate a transverse electric field parallel to the substrate
surfaces are provided on the inner surface of one substrate
of the liquid crystal display device, and the third electrode
which generates a vertical electric field parallel to the
thickness direction of the liquid crystal layer is provided on
the opposed substrate surface. The first and second signals
are supplied to a part between the first and second electrodes
to apply a transverse electric field corresponding to image
data, and the third signal whose potential varies in synchro-
nization with a change in potential of a signal supplied to the
first electrode is applied to the third electrode. As a result, a
vertical electric field in a direction substantially parallel to
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the thickness direction of the liquid crystal layer is applied.
Therefore, it is possible to selectively perform wide viewing
angle display when driving using the transverse electric field
alone and narrow viewing angle display when driving using
both the transverse electric field and the vertical electric
field.

[0042] Moreover, according to the liquid crystal display
apparatus based on the third aspect of the present invention,
there are provided: liquid crystal displaying means having
the first and second electrodes which generate a transverse
electric field parallel to the substrate surfaces, and the third
electrode which generates a vertical electric field parallel to
the thickness direction of the liquid crystal layer; image
displaying means for generating a transverse electric field
corresponding to image data to a part between the first and
second electrodes; and viewing angle controlling means
receiving a viewing angle selection signal for selection of a
viewing angle to be synchronized with the display drive
signal, and supplying a viewing angle controlling voltage
different from the display drive signal to the third electrode
to generate the vertical electric field in the liquid crystal
layer of the pixel, thereby restricting a range of the viewing
angle. Therefore, it is possible to selectively perform wide
viewing angle display when driving using the transverse
electric field and narrow viewing angle display when driving
using both the transverse electric field and the vertical
electric field.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0043] FIG. 1 s a front view showing an electronic device
which may be provided with a liquid crystal display appa-
ratus according to any one of embodiments of the present
invention;

[0044] FIG. 2 is a plan view showing a part of one
substrate in a liquid crystal display device of a liquid crystal
display apparatus according to a first embodiment of the
present invention;

[0045] FIG. 3 is a cross-sectional view showing a part of
the liquid crystal display device of FIG. 2;

[0046] FIG. 4 is a view showing aligning treatment direc-
tions of alignment films respectively provided on inner
surfaces of a pair of substrates of the liquid crystal display
device and directions of transmission axes of polarizing
plates;

[0047]

[0048] FIG. 6 is a circuit diagram showing a signal
generation circuit which generates a common signal and a
viewing angle control signal;

[0049] FIG. 7 is a view showing a scanning signal, a
common signal, a white data signal and a black data signal
applied to the liquid crystal display device, a potential of a
signal electrode at the time of white display and black
display, a voltage between a common electrode and the
signal electrode at the time of white display, and a voltage
between the common electrode and the signal electrode at
the time of black display;

[0050] FIG. 8 is a view showing a voltage between the
common electrode and an opposed electrode and a voltage
between the signal electrode and the opposed electrode at

FIG. 5 is a block circuit diagram of a drive circuit;
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the time of black display when a viewing angle control
signal which is in antiphase with respect to the common
signal is applied to the opposed electrode of the liquid
crystal display device;

[0051] FIG. 9 is a view showing a voltage between the
common electrode and the opposed electrode and a voltage
between the signal electrode and the opposed electrode at
the time of white display when the viewing angle control
signal which is in phase with respect to the common signal
is applied to the opposed electrode;

[0052] FIG. 10 is a view showing a voltage between the
common electrode and the opposed electrode and a voltage
between the signal electrode and the opposed electrode at
the time of black display when the viewing angle control
signal which is in phase with respect to the common signal
is applied to the opposed electrode;

[0053] FIG. 11 is a view showing a voltage between the
common electrode and the opposed electrode and a voltage
between the signal electrode and the opposed electrode at
the time of white display when the viewing angle control
signal which is in phase with respect to the common signal
is applied to the opposed electrode;

[0054] FIGS. 12A and 12B are a schematic view showing
a supply state of a signal in case of generating a transverse
electric field corresponding to a black data signal between
the common electrode and the signal electrode in one pixel
when the viewing angle control signal is not applied to the
opposed electrode, and a view schematically showing a
change in alignment of liquid crystal molecules at this time;

[0055] FIGS. 13A and 13B are a schematic view showing
a supply state of a signal in case of generating a transverse
electric field corresponding to a white data signal between
the common electrode and the signal electrode in one pixel
when the viewing angle control signal is not applied to the
opposed electrode, and a view schematically showing a
change in alignment of the liquid crystal molecules at this
time;

[0056] FIGS. 14A and 14B are a schematic view showing
a supply state of a signal in case of generating a transverse
electric field corresponding to the black data signal between
the common electrode and the signal electrode in one pixel
when the viewing angle control signal is applied to the
opposed electrode, and a view schematically showing a
change in alignment of the liquid crystal molecules at this
time;

[0057] FIGS. 15A and 15B are a schematic view showing
a supply state of a signal in case of generating a transverse
electric field corresponding to the white data signal between
the common electrode and the signal electrode in one pixel
when the viewing angle control signal is applied to the
opposed electrode, and a view schematically showing a
change in alignment of the liquid crystal molecules at this
time;

[0058] FIG. 16 is a plan view showing a part of one
substrate in a liquid crystal display device according to a
second embodiment of the present invention;

[0059] FIG. 17 is a plan view showing a part of one
substrate in a liquid crystal display device according to a
third embodiment of the present invention; and
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[0060] FIG. 18 is a cross-sectional view showing a part of
the liquid crystal display device according to the third
embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

First Embodiment

[0061] FIGS. 1 to 15A and 15B show a first embodiment
of the present invention, wherein FIG. 1 is a front view of
an electronic device including a liquid crystal display appa-
ratus; FIG. 2, a plan view showing a part of one substrate in
a liquid crystal display device of the liquid crystal display
apparatus; and FIG. 3 is a cross-sectional view showing a
part of the liquid crystal display device.

[0062] The electronic device shown in FIG. 1 will be
described first. This electronic device is a flip type mobile
phone constituted of: a phone main body 1; and a cover body
2 which has a base end pivoted at an end of the phone main
body 1 and swivels between an opened state where it
protrudes toward the outside of the phone main body 1 as
shown in the figure and a closed state where it lies over the
phone main body 1. A keyboard portion 3 and a microphone
portion 4 are provided on a front surface of the phone main
body 1 (a surface on which the cover body 2 is superim-
posed). A display portion 5 and a speaker portion 6 are
provided on a front surface of the cover body 2 (a surface
facing the front surface of the phone main body 1 when
folded).

[0063] The liquid crystal display apparatus will now be
described. The liquid crystal display apparatus according to
this embodiment is provided with: a liquid crystal display
device 10 arranged in the cover body 2 of the mobile phone
to face the display portion 5; a drive circuit 32 (see FIG. 5)
of the liquid crystal display device 10; and a surface light
source (not shown) which is arranged on an opposite side of
an observation side of the liquid crystal display device and
irradiates the liquid crystal display device 10 with illumi-
nation light.

[0064] As shown in FIGS. 2 and 3, in the liquid crystal
display device 10, a liquid crystal layer 13 made of a nematic
liquid crystal having positive dielectric anisotropy is intet-
posed between a pair of transparent substrates 11 and 12
facing each other through a gap. A plurality of first trans-
parent electrodes 14 and second transparent electrodes 15
having a plurality of segments, which generate in the liquid
crystal layer 13 a transverse electric field in a direction
substantially parallel to a surface of the substrate 11 are
provided to be insulated from each other on one of opposed
inner surfaces of the pair of substrates 11 and 12, e.g., an
inner surface of the substrate 12 opposite to the observation
side (an upper side in FIG. 3). The liquid crystal display
device is a transverse electric field type liquid crystal display
device including a plurality of pixels 100 arranged in a
matrix form along a row direction (a horizontal direction in
FIG. 2) and a column direction (a vertical direction in FIG.
2). Each pixel 100 in this liquid crystal display device is
defined by a region where each of the second transparent
electrodes 15 corresponds to each of the first transparent
electrodes 14, and where an alignment state of liquid crystal
molecules in the liquid crystal layer 13 is controlled by the
transverse electric field generated between the first trans-
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parent electrode 14 and the individual segments of the
second transparent electrodes 15. This liquid crystal display
device 10 includes on an inner surface of the other substrate,
i.e., the substrate 11 on the observation side, a third trans-
parent electrode 25 provided in accordance with at least an
entire region of each of the plurality of pixels 100.

[0065] The first transparent electrode 14 will be referred to
as a common electrode hereinafter; the second transparent
electrode 15, a signal electrode; the third transparent elec-
trode 25, an opposed electrode; one substrate 12 on which
the common electrodes 14 and the signal electrodes 15 are
provided, a pixel substrate; and the other substrate on which
the opposed electrode 25 is provided, an opposed substrate.

[0066] Of the common electrode 14 and the signal elec-
trode 15 on the inner surface of the pixel electrode 12, the
common electrode 14 is formed in accordance with at least
an entire or substantially entire region of the pixel 100. The
signal electrodes 15 are formed into a shape having an area
smaller than the pixel 100 in total on an interlayer insulating
film 24 provided to cover the common electrode 14, and then
edge portions 15C face the common electrode 14.

[0067] This liquid crystal display device is an active
matrix liquid crystal display device , and includes on the
inner surface of the pixel electrode 12 an active element 16
arranged in accordance with each of the plurality of pixels
100 arranged in a matrix form. This active element 16 has an
input electrode 20 and an output electrode 21 for signals, and
a control electrode 17 which controls electrical conduction
between the input and output electrodes 20, 21. The control
electrodes 17 are connected with a scanning line 22 in
accordance with each row, the input electrodes 20 are
connected with a signal line 23 in accordance with each
column, and the output electrodes 21 are connected with the
signal electrode 15.

[0068] The active element 16 may be a thin film transistor
(which will be referred to as a TFT hereinafter), and it is
constituted of a gate electrode (the control electrode) 17
formed on the substrate surface of the pixel substrate 12, a
gate insulating film 18 which is formed on a substantially
entire surface of the pixel substrate 12 to cover the gate
electrode 17, an i-type semiconductor film 19 which is
formed to face the gate electrode 17 on this gate insulating
film 18, and a drain electrode (the input electrode) 20 and a
source electrode (the output electrode) 21 which are pro-
vided on both side portions of the i-type semiconductor film
19 through an n-type semiconductor film (not shown).

[0069] The scanning line 22 is formed by connecting the
gate electrode 17 of the TFT 16 in each row to each of pixel
rows consisting of the plurality of pixels 100 arranged in the
row direction on the substrate surface of the pixel substrate
12. The signal line 23 is provided on the gate insulating film
18 in accordance with each of pixel columns consisting of
the plurality of pixels 100 arranged in the column direction,
and connected with the drain electrode 20 of the TFT 16 in
each column.

[0070] A terminal arrangement portion (not shown) which
protrudes toward the outside of the opposed substrate 11 is
formed at an edge portion of the pixel substrate 12. The
scanning lines 22 and the signal lines 23 are connected with
a plurality of scanning line terminals and signal line termi-
nals provided at the terminal arrangement portion.
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[0071] As shown in FIGS. 2 and 3, the common electrode
14 is formed of transparent electroconductive films 14a
provided on the gate insulating film 18 along the entire
length in accordance with each of the pixel rows, and these
transparent electroconductive films 14a are respectively
connected with a plurality of common electrode terminals
provided at the terminal arrangement portion of the pixel
forming electrode substrate 12.

[0072] Inthis embodiment, the electroconductive film 14a
is formed into a shape constituted of a plurality of rectan-
gular electrode portions 145 each corresponding to the entire
region of each pixel 100 in the pixel row, and a lead portion
14¢ which connects the adjacent electrode portions with
each other on one end side thereof, However, this electro-
conductive film 14a may be formed to have a width corre-
sponding to the entire region of the pixel 100 along the entire
length thereof.

[0073] Further, the signal electrode 15 is provided to
correspond to each pixel 100 on the interlayer insulating film
24, constituted of a comb-like electroconductive film 15a
patterned in to a comb-like shape having a plurality of
segments or tooth portions 156, and connected with the
source electrode 21 of the TFT 16 at one end of a base
portion connecting the respective tooth portions 154 of the
comb-like electroconductive film 15a¢ with each other.

[0074] The interlayer insulating film 24 is entirely pro-
vided on an upper side of the pixel substrate 12 to cover the
common electrode 14, the TFT 16, the scanning line 22, and
an exposed surface portion of the substrate 12. The comb-
like electroconductive film 154 is connected with the source
electrode 21 of the TFT 16 in a contact hole (not shown)
provided in the interlayer insulating film 24.

[0075] The comb-like electroconductive film 154 has four
elongated segments or tooth portions 156 formed at equal
intervals, and a region in which an alignment state of liquid
crystal molecules is substantially homogeneously controlled
by a transverse electric field generated between these four
tooth portions 154 and the common electrode 14 (rectangu-
lar electrode portion 145) forms one pixel 100.

[0076] Each tooth portion 156 of the comb-like electro-
conductive film 154 is formed into an elongated shape along
a direction inclined with respect to the vertical direction of
a screen of the liquid crystal display device, i.e., a vertical
axis Y of the screen in one of left and right directions at a
predetermined angle, e.g., an angle 6 of 5° to 15°. A ratio
d2/d1 of a width d1 of each of the tooth portions 155 and a
gap d2 between the tooth portions 155 adjacent to each other
may be set to 1/3 to 3/1, or preferably 1/1.

[0077] The opposed electrode 25 on the inner surface of
the opposed substrate 11 is formed of one film-like electro-
conductive film facing the entire arrangement region of the
plurality of pixels 100.

[0078] This liquid crystal display device is a color image
display device including color filters 26R, 26G and 26B of
three colors, i.e., red, green and blue corresponding to each
of the plurality of pixels 100. The color filters 26R, 26G an
26B are formed on the substrate surface of the opposed
substrate 11, and the opposed electrode 25 is formed
thereon.

[0079] Homogeneous alignment films 27 and 28 are
respectively provided on the inner surface sides of the
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opposed substrate 11 and pixel electrode 12 to respectively
cover the opposed electrode 25, and the common electrode
14 and the signal electrode 15. These alignment films 27 and
28 are respectively subjected to rubbing (an alignment
treatment) in opposite directions along a direction substan-
tially parallel to the vertical axis Y in the vertical direction
of the screen.

[0080] Both substrate 11, 12 are bonded through a frame-
like sealing material (not shown) which surrounds the
arrangement region of the plurality of pixels 100, ie., a
screen region of the liquid crystal display device. The
opposed electrode 25 is electrically connected with an
opposed electrode terminal provided at a terminal arrange-
ment portion of the pixel forming electrode substrate 12
through a non-illustrated cross connecting portion at a
substrate bonding portion formed by the sealing material.

[0081] The liquid crystal layer 13 is interposed in a region
surrounded by the sealing material between the opposed
substrate 11 and the pixel substrate 12, and its liquid crystal
molecules are aligned substantially parallel to the surfaces of
the substrates 11 and 12 with their long axes being aligned
in the alignment treatment direction (a direction of the
vertical axis Y) of the alignment films 27 and 28.

[0082] A value of And (a product of a refractive index
anisotropy An of the liquid crystal and a thickness d of the
liquid crystal layer) in a state where the liquid crystal
molecules of this liquid crystal display device are aligned
substantially parallel to the surfaces of the substrates 11 and
12 with their long axes being aligned in the aligning treat-
ment directions of the alignment films 27 and 28 is set in the
vicinity of substantially 275 nm which is a value of half of
an intermediate wavelength in a visible light band.

[0083] Further, this liquid crystal display device is pro-
vided with a pair of polarizing plates 29 and 30 arranged
with the pair of substrates 11 and 12 therebetween.

[0084] FIG. 4 shows aligning treatment directions (rub-
bing directions) 11a and 12a of the alignment films 27 and
28 on the opposed substrate 11 and the image forming
electrode substrate 12 in the liquid crystal display device,
and directions of transmission axes 294 and 30a of the pair
of polarizing plates 29 and 30.

[0085] As shown in FIG. 4, the alignment films 27 and 28
of the opposed substrate 11 and the pixel forming electrode
substrate 12 are subjected to an aligning treatment in oppo-
site directions to each other along a direction substantially
parallel to the vertical direction of the screen, i.e., the
vertical axis Y of the screen. Of the pair of polarizing plates
29 and 30, the polarizing plate 29 on the observation side is
provided in such a manner that its transmission axis 29a
becomes substantially parallel to the aligning treatment
directions 11a and 124, and the polarizing plate 30 on the
opposite side is provided in such a manner that its trans-
mission axis 30a becomes substantially perpendicular (or
parallel) to the transmission axis 29a of the polarizing plate
29 on the observation side.

[0086] Tt is to be noted that the transmission axis 29a of
the observation-side polarizing plate 29 and the transmission
axis 30a of the opposite-side polarizing plate 30 are set to be
perpendicular to each other to allow the liquid crystal
display device to perform display in a normally black mode.
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[0087] The aligning treatment directions (the rubbing
directions) of the alignment films 27 and 28 obliquely cross
a direction of a transverse electric field generated between
the common electrode 14 and the signal electrode 15 at a
predetermined angle.

[0088] That is, the transverse electric field generated
between the common electrode 14 and the signal electrode
15 is an electric field in a direction substantially perpen-
dicular to a length direction of the edge 15C of each tooth
portion 155 of the comb-like electroconductive film 154. In
this embodiment, as described above, each tooth portion 1556
of the comb-like electroconductive film 154 is formed into
an elongated shape along a direction inclined with respect to
the vertical axis Y of the vertical direction of the screen in
one of left and right directions at a predetermined angle, e.g.,
an angle 6 of 5° to 15° , and the alignment films 27 and 28
are subjected to the aligning treatment in directions substan-
tially parallel to the vertical axis Y. Therefore, the aligning
treatment directions of the alignment films 27 and 28 cross
a direction of the transverse electric field at the angle of 5°
to 15°.

[0089] Furthermore, this liquid crystal display device is
provided with one film-like transparent electroconductive
film 31 which blocks off static electricity from the outside.
This electrostatic blocking electroconductive film 31 is
provided between the opposed substrate 11 as the observa-
tion-side substrate and the observation-side polarizing plate
29 arranged on an outer surface of the opposed substrate 11.

[0090] The liquid crystal display device is driven by a
drive circuit 32 shown in FIG. 5. This drive circuit 32
generates a first signal (which will be referred to as a
common signal hereinafter) whose potential varies in accor-
dance with each horizontal scanning period 1 h assigned to
each pixel row and which is applied to the common elec-
trode 14, a second signal (which will be referred to as a data
signal hereinafter) which has a potential with a potential
difference corresponding to image data with respect to the
common signal and is applied to the signal electrode 15, and
a third signal (which will be referred to as a viewing angle
control signal hereinafter) whose potential varies in syn-
chronization with a change in potential of the first signal, has
a potential with a predetermined potential difference with
respect to each of the common signal and the data signal and
is applied to the opposed electrode 25. The common signal
is a signal which sequentially selects the plurality of pixels
100 arranged in a matrix form in the liquid crystal display
device in accordance with the respective pixel rows of the
plurality of pixels 100 arranged in the row direction, thereby
controlling lighting of the pixels 100.

[0091] That is, this driving circuit or means 32 is consti-
tuted of a first signal generation circuit which generates the
common signal whose potential varies in accordance with
each horizontal scanning period 1 h of each row, a second
signal generation circuit which generates the data signal
whose potential changes to a value having a potential
difference corresponding to image data with respect to a
potential of the common signal in accordance with each
horizontal scanning period 1h of each row, a third signal
generation circuit which generates the viewing angle control
signal whose potential varies in antiphase or in phase with
respect to a change in potential of the common signal, and
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a selection circuit which selects application of the viewing
angle control signal to the opposed electrode 25 of the liquid
crystal display device.

[0092] FIG. 5 is a block diagram of the driving means 32.
This driving means 32 is constituted of: a first signal
generation circuit (which will be referred to as a common
signal generation circuit hereinafter) 33 which generates the
common signal Cl1; a second signal generation circuit
(which will be referred to as a data signal generation circuit)
34 which generates a data signal whose potential changes to
a value with a potential difference corresponding to image
data with respect to a potential of the common signal C1; a
scanning signal generation circuit 36 which generates a
scanning signal (a gate signal which turns on the TFT 16)
which achieves electrical conduction between the drain
electrode 20 and the source electrode 21 of the TFT 16; a
third signal generation circuit (which will be referred to as
a viewing angle control signal generation circuit hereinafter)
37 which generates the viewing angle control signal C2
whose potential varies in antiphase or in phase with respect
to a change in potential of the common signal C1; a display
RAM 35 which stores signal data corresponding to image
data; and a control circuit 38 which receives image data and
a viewing angle selection signal and controls operations of
the respective circuits 33, 34, 36 and 37 based on these
signals.

[0093] The image data is supplied to the control circuit 38
from a non-illustrated external circuit. Further, the viewing
angle selection signal is supplied to the control circuit 38 in
accordance with selection of a viewing angle by a viewing
angle selection key 7 provided in the electronic device such
as a mobile phone shown in FIG. 1.

[0094] As shown in FIGS. 5 to 11, the common signal
generation circuit 33 receives a clock signal from the control
circuit 38, generates the common signal C1 whose potential
varies in accordance with each horizontal scanning period 1
h of each row, and supplies the common signal C1 to the
common electrode 14 in each pixel row of the liquid crystal
display device.

[0095] On the other hand, the image data supplied to the
control circuit 38 from the external circuit is supplied to the
data signal generation circuit 34 by this control circuit 38.
The data signal generation circuit 34 reads signal data
previously stored in the display RAM 35 based on the image
data, generates a data signal Don/off whose potential
changes to a value having a potential difference correspond-
ing to the image data with respect to a potential of the
common signal C1 output from the common signal genera-
tion circuit 33, and supplies the data signal Don/off to the
signal line 23 in each pixel row of the liquid crystal display
device in accordance with each horizontal scanning period 1
h of each row.

[0096] The scanning signal generation circuit 36 receives
a clock signal from the control circuit 38, generates a
scanning signal which achieves electrical conduction
between the drain electrode 20 and the source electrode 21
of the TFT 16, and sequentially supplies the scanning signal
Sc to the scanning line 22 in each row of the liquid crystal
display device in accordance with each horizontal scanning
period 1 h.

[0097] The viewing angle control signal generation circuit
37 generates a signal whose potential varies in antiphase
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with respect to a change in phase of the common signal C1
output from the common signal generation circuit 33 (a
signal obtained by reversing a cycle in which a potential of
the common signal C1 changes), and the viewing angle
control signal C2 having a potential whose absolute value is
different from a potential of the common signal C1.

[0098] Furthermore, when a wide viewing angle is
selected in accordance with the supplied viewing angle
selection signal, the control circuit 38 stops an operation of
the viewing angle control signal generation circuit 37, or
stops output of the viewing angle control signal C2. When
a narrow viewing angle is selected, the control circuit 38
generates the viewing angle control signal C2 to be output
and supplies this signal to the opposed electrode 25 of the
liquid crystal display device.

[0099] FIGS. 7 to 11 show a voltage waveform of each
signal supplied to each electrode in accordance with each
display mode of the liquid crystal display device, in which
one frame 1f represents a period in which all the pixel rows
in the liquid crystal display device are sequentially selected
to display one screen and one horizontal scanning period 1%
represents a selection period of one pixel row obtained by
dividing one frame 1/'by the number of pixel rows.

[0100] Itis to be noted that the common signal C1 and the
viewing angle control signal C2 may be generated by using
such a signal generation circuit as shown in FIG. 6. That is,
a common signal generating portion of this signal generation
circuit inputs a clock signal FRP which is reversed in
accordance with each horizontal scanning period 1% to an
amplifier AMP and performs adjustment to obtain an arbi-
trary amplitude, After effecting coupling in a capacitor, the
common signal generating portion outputs the common
signal C1. The viewing angle control signal generating
portion selects the clock signal FRP and its reversal signal
based on a selection signal SE, inputs them to the amplifier
AMP, and performs adjustment by this amplifier AMP to
obtain an arbitrary amplitude. After effecting coupling in a
capacitor, the viewing angle control signal generating por-
tion outputs the common signal C2.

[0101] FIG. 7 shows a scanning signal Sc which is applied
to the liquid crystal display device by the driving means 32,
the common signal C1, a data signal Don used to display
white (which will be referred to as a white data signal
hereinafter), a data signal Doff which is used to display
black (which will be referred to as a black data signal
hereinafter), a potential Son of the signal electrode 15 to
which the white data signal Don is applied through the TFT
16 (a signal electrode potential at the time of white display),
a potential Soff of the signal electrode 15 to which the black
data signal Doff is applied through the TFT 16 (a signal
electrode potential at the time of black display), and voltage
waveforms of a voltage C1-Son between the common elec-
trode and the signal electrode at the time of white display
and a voltage C1-Soff between the common electrode and
the signal electrode at the time of black display.

[0102] The liquid crystal display device used in this
embodiment is a display device in a normally black mode.
The black data signal Doff is a signal having a potential
whose potential difference is extremely small with respect to
a potential of the common signal C1 or whose potential
difference is substantially 0, i.e., a potential which generates
between the signal electrode 15 and the common electrode
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14 an extremely weak transverse electric field with which
the liquid crystal molecules are aligned along the aligning
treatment directions 11a and 12a of the alignment films 27
and 28 or a potential which substantially generates no
transverse electric field. Moreover, the white data signal Don
is a signal having a potential whose potential difference is
sufficiently large with respect to the potential of the common
signal C1, ie., a potential which generates a transverse
electric field having a sufficient intensity between the signal
electrode 15 and the common electrode 14.

[0103] First, FIG. 12A schematically shows a case where
the signal electrode potential Soff is applied to the signal
electrode 15 and FIG. 12B schematically shows a change in
alignment of the liquid crystal molecules at this time in a
state where each signal is applied to each electrode of the
liquid crystal display device when the viewing angle control
signal C2 is not applied to the opposed electrode 25.
Additionally, FIG. 13A schematically shows a case where
the signal electrode potential Son is applied to the signal
electrode 15 and FIG. 13B schematically shows a change in
alignment of the liquid crystal molecules at this time.

[0104] When the viewing angle control signal C2 is not
applied to the opposed electrode 25, i.e., when wide viewing
angle display is performed, an alignment direction (a direc-
tion of long axes) of the liquid crystal molecules 13a of the
pixel 100 is controlled within a plane substantially parallel
to the surfaces of the substrates 11 and 12 by the transverse
electric field alone generated between the common electrode
14 and the signal electrode 15. When the signal electrode
potential Soff corresponding to black display is applied to
the signal electrode 15, i.e., when an extremely weak
transverse electric field corresponding to the voltage C1-Soff
between the common electrode and the signal electrode
shown in FIG. 7 is generated between the common electrode
14 and the signal electrode 15 (or the transverse electric field
may not be substantially generated), as shown in FIGS. 12A
and 12B, the liquid crystal molecules do not substantially
behave in a state where their long axes are aligned in the
aligning treatment directions 11a and 12qa of the alignment
films 27 and 28 of the substrates 11 and 12. When the signal
electrode potential Son corresponding to white display is
applied to the signal electrode 15, i.e., when a transverse
electric field having a sufficient intensity corresponding to
the voltage C1-Son between the common electrode 14 and
the signal electrode 15 is generated between the common
electrode 14 and the signal electrode 15, the liquid crystal
molecules behave with their long axes being aligned in a
direction of the transverse electric field as shown in FIGS.
13A and 13B.

[0105] As described above, when the viewing angle con-
trol signal C2 is not applied to the opposed electrode 25, an
alignment direction of the liquid crystal molecules 13a
varies within a plane substantially parallel to the surfaces of
the substrates 11 and 12 by the transverse electric field
generated between the first and second (common and signal)
electrodes 14 and 15. Therefore, it is possible to perform
display with a wide viewing angle corresponding to viewing
angle characteristics of the transverse electric field type
liquid crystal display device having small viewing angle
dependence of And.

[0106] Next, FIG. 9 schematically shows a voltage wave-
form of each signal when the signal electrode potential Soff
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(at the time of black display) is applied to the signal
electrode 15 in narrow viewing angle display where the
viewing angle control signal C2 which is in antiphase with
respect to the common signal C1 is applied to the opposed
electrode 25, FIG. 14A schematically shows an application
state of each signal to each electrode in the liquid crystal
display device at this time, and FIG. 14B schematically
shows a change in alignment of the liquid crystal molecules.
Additionally, FIG. 9 schematically shows a voltage wave-
form of each signal when the signal electrode potential Son
(at the time of white display) is applied to the signal
electrode 15, FIG. 15A schematically shows an application
state of each signal to each electrode in the liquid crystal
display device at this time, and FIG. 15B schematically
shows a change in alignment of the liquid crystal molecules
at this time.

[0107] When the viewing angle control signal C2 is
applied to the opposed electrode 25, ie.. when narrow
viewing angle display is performed, the liquid crystal mol-
ecules 13a of the pixel 100 behave by the transverse electric
field generated between the common electrode 14 and the
signal electrode 15 and the vertical electric field generated
between the common and signal electrodes 14, 15 and the
opposed electrode 25. When the signal electrode potential
Soff corresponding to black display shown in FIG. 8 is
applied to the signal electrode 15, the liquid crystal mol-
ecules are aligned in a state where they obliquely rise with
respect to the surfaces of the substrates 11 and 12 by the
vertical electric field as shown in FIGS. 14A and 14B. Since
the transverse electric field is weak, a direction of long axes
of the liquid crystal molecules is not substantially changed
in a state where the long axes are aligned in the aligning
treatment directions 11a and 12a of the alignment films 27
and 28 of the substrates 11 and 12. When the signal electrode
potential Son corresponding to white display shown in FIG.
9 is applied to the signal electrode 15, as shown in FIGS.
15A and 15B, the intensive transverse electric field allows
the liquid crystal molecules to be aligned in a state where
they obliquely rise with respect to the surfaces of the
substrates 11 and 12 with their long axes being aligned in a
direction of the transverse electric field.

[0108] As described above, when the vertical electric field
is generated between the common and signal electrodes 14,
15 and the opposed electrode 25 by applying the viewing
angle control signal C2 to the opposed electrode 25, the
transverse electric field generated between the common
electrode 14 and the signal electrode 15 allows the liquid
crystal molecules 13a to be aligned in an alignment state
where they obliquely rise with respect to the surfaces of the
substrates 11 and 12 with their long axes being aligned in a
direction of the transverse electric field. Therefore, the
viewing angle dependence of And of the liquid crystal
display device is increased by rising of the liquid crystal
molecules 13a.

[0109] Accordingly, it is possible to obtain display with
excellent contrast in which there is almost no difference
between 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) and display when
the vertical electric field is not generated. On the other hand,
a retardation different from that when viewing from the front
direction is produced in viewing from a direction obliquely
inclined from the front direction due to the large viewing
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angle dependence of And, and display can hardly visually
recognized. Therefore, a viewing angle with which display
can be visually recognized with sufficient contrast is a
narrow range in the front direction, thereby effecting display
with a narrow viewing angle which prevents display from
being peeped by persons other than a user of the liquid
crystal display apparatus.

[0110] That is, in this liquid crystal display apparatus, the
plurality of common electrodes 14 and signal electrodes 15
which generate a transverse electric field on the inner
surface of one substrate 12 in the liquid crystal display
device are provided to be insulated from each other, and the
opposed electrode 25 is provided on the inner surface of the
other substrate 11 in accordance with at least each entire
region of the plurality of pixels 100 defined by a region in
which an alignment state of the liquid crystal molecules 13a
in the liquid crystal layer 13 is controlled by the transverse
electric field generated between the common electrode 14
and the signal electrode 15. Further, the driving means 32
selectively applies to the opposed electrode 25 the viewing
angle control signal C2 whose potential varies in synchro-
nization with a change in potential of the common signal C1
applied to the common electrode 14 and which has a
predetermined potential difference with respect to each of
the potential of the common signal C1 and the signal
electrode potential Son or Soff of the signal electrode 15. As
a result, both display with a wide viewing angle and display
with a narrow viewing angle are carried out. According to
this liquid crystal display apparatus, it is possible to perform
stable viewing angle control which suppresses a viewing
angle from fluctuating in accordance with the image data.

[0111] As described above, in this liquid crystal display
apparatus, the driving means 32 supplies the common signal
C1 whose potential varies in accordance with each horizon-
tal scanning period 1/ to the plurality of common electrodes
14 which are provided in an insulating manner on the inner
surface side of the pixel substrate 12 in the liquid crystal
display device, and selectively supplies to the signal elec-
trode 15 through the TFT the data signal Don or Doff having
a potential with a potential difference corresponding to the
image data with respect to the common signal C1, thereby
giving a potential of Son or Soff to the signal electrode 15.
As a result, a transverse electric field corresponding to the
image data, i.e., a voltage C1-Son or C1-Soff between the
common electrode 14 and the signal electrode 15 is gener-
ated between the common electrode 14 and the signal
electrode 15, and an alignment direction (a direction of long
axes) of the liquid crystal molecules of the plurality of pixels
100 is controlled within a plane substantially parallel to the
surfaces of the substrates 11 and 12 by this transverse
electric field to display an image, thus effecting display with
a wide viewing angle corresponding to viewing angle char-
acteristics of the transverse electric field type liquid crystal
display device.

[0112] Furthermore, in this liquid crystal display appara-
tus, the driving means 32 supplies the common signal C1 to
the common electrode 14 of the liquid crystal display device,
and selectively supplies the data signal Don or Doff to the
signal electrode 15 through the TFT. As a result, a potential
of Son or Soff is given to the signal electrode 15, and a
transverse electric field having an intensity corresponding to
the image data, i.e., the voltage C1-Son or C1-Soff between
the common electrode 14 and the signal electrode 15 is
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generated between the common electrode and the signal
electrode. At the same time, the viewing angle control signal
C2 whose potential varies in synchronization with a change
in potential of the common signal C1 and which has a
predetermined potential difference with respect to each of
the common signal C1 and the data signal is supplied to the
opposed electrode 25 provided on the inner surface side of
the opposed substrate 12 of the liquid crystal display device
in accordance with the entire region of the plurality of pixels
100. As a result, vertical electric fields corresponding to a
potential difference between the common signal C1 and the
viewing angle control signal C2 and a potential difference
between the signal electrode potential Son or Soff and the
viewing angle control signal C2 are respectively generated
between the common electrode 14 and the opposed electrode
25 and between the signal electrode 15 and the opposed
electrode 25. That is, an alignment direction of the liquid
crystal molecules is controlled by the transverse electric
field to display an image, and the liquid crystal molecules
are obliquely raised and aligned with respect to the surfaces
of the substrates 11 and 12 by the transverse electric field to
restrict a viewing angle. As a result, there is carried out
display with a narrow viewing angle which prevents display
from being peeped by persons other than a user of the liquid
crystal display apparatus.

[0113] TItis to be noted that the description has been given
as to the first embodiment in which an absolute value of a
voltage output from a power supply device which drives the
liquid crystal display device can be reduced by using the
viewing angle control signal C2 whose potential varies in
antiphase with respect to the common signal C1. However,
when the power supply device can generate a high voltage,
it is possible to use a viewing angle control signal C21 as a
signal whose potential varies in phase with respect to the
common signal C1.

[0114] In such a case, as shown in FIGS. 10 and 11, the
viewing angle control signal C21 having the same phase as
the common signal C1 is supplied to the opposed electrode
25. FIG. 10 shows a voltage C1-Soff between the common
electrode and the signal electrode, a voltage C1-C2 between
the common electrode and the opposed electrode and a
voltage Soff-C2 between the signal electrode and the
opposed electrode at the time of black display (at the time of
applying the signal electrode potential Soff) in this example.
FIG. 11 shows a voltage C1-Son between the common
electrode and the signal electrode, a voltage C1-C2 between
the common electrode and the opposed electrode and a
voltage Son-C2 between the signal electrode and the
opposed electrode at the time of white display (at the time
of applying the signal electrode potential Son) in the same
example. In this liquid crystal display apparatus, like the
foregoing embodiment, an alignment direction of the liquid
crystal molecules is controlled by a transverse electric field
to display an image, and the liquid crystal molecules are
obliquely raised and aligned with respect to the surfaces of
the substrates 11 and 12 by vertical electric fields, thereby
effecting display with a narrow viewing angle which pre-
vents display from being peeped by persons other than a user
of the liquid crystal display apparatus.

[0115] As described above, this liquid crystal display
apparatus has a configuration in which the driving means 32
selectively applies the viewing angle control signal C2
whose potential varies in antiphase with respect to a change
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in potential of the common signal C1 to the opposed
electrode 25 of the liquid crystal display device, or a
configuration in which the driving means 32 selectively
applies to the opposed electrode 25 of the liquid crystal
display device the viewing angle control signal C21 whose
potential varies in phase with respect to a change in potential
of the common signal and whose potential has an absolute
value different from a potential of the common signal C1.
Therefore, vertical electric fields corresponding to a poten-
tial difference between the common signal C1 and the
viewing angle control signal C2 or C21 and a potential
difference between the signal electrode potential Son or Soff
and the viewing angle control signal C2 are respectively
generated between the common electrode 14 and the
opposed electrode 25 and between the signal electrode 15
and the opposed electrode 25, thereby effecting the display
with a narrow viewing angle.

[0116] Moreover, in the foregoing embodiment, the driv-
ing means or circuit 32 is constituted of: first signal gener-
ating means for generating the common signal C1 whose
potential varies in accordance with each row selection
period; second signal generating means for generating the
data signal Don or Doff which is used to supply to the second
electrode a potential which varies to a value with a potential
difference corresponding to image data with respect to a
potential of the common signal C1 in accordance with each
row selection period; third signal generating means for
generating the viewing angle control signal C2 or C21
whose potential varies in antiphase or in phase with respect
to a change in potential of the common signal C1; and
selecting means for selecting application of the viewing
angle control signal C2 to the opposed electrode 25 of the
liquid crystal display device. Therefore, the common signal
C1 is supplied to the common electrode 14 in the liquid
crystal display device, and the signal electrode potential Son
or Soff is given to the signal electrode 15, thereby selectively
applying the viewing angle control signal C2 to the opposed
electrode 25.

[0117] Additionally, in the liquid crystal display apparatus
according to the foregoing embodiment, the liquid crystal
display device is an active matrix liquid crystal display
device including the plurality of active elements (TFTs) 16
each of which is arranged in accordance with each pixel, and
has the input electrode (the drain electrode) 20, the output
electrode (the source electrode) 21 for signals and the
control electrode which controls electrical conduction
between the input and output electrodes 20, 21. The control
electrode is connected with the scanning line in accordance
with each row, the input electrode 20 is connected with the
signal line 23 in accordance with each column, and the
output electrode 21 is connected with the signal electrode
15. Further, as shown in FIG. 5, the driving means 32 is
constituted of: the common signal generation circuit 33
which generates the common signal C1 whose potential
varies in accordance with each row selection period and
supplies the common signal C1 to the common electrode 14;
the data signal generation circuit 34 which generates the data
signal Don or Doff which supplies to the second electrode a
potential which varies to a value having a potential differ-
ence corresponding to image data with respect to a potential
of the common signal C1 in accordance with each row
selection period, and supplies the data signal Don or Doff to
the signal line 23; the scanning signal generation circuit 36
which generates the scanning signal Sc¢ which achieves
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electrical conduction between the input electrode 20 and the
output electrode 21 of the active element 16 in a selected
row in one horizontal scanning period, and supplies the
scanning signal Sc to the scanning line 22; the viewing angle
control signal generation circuit 37 which generates the
viewing angle control signal C2 whose potential varies in
antiphase or in phase with respect to a change in potential of
the common signal C1; the control circuit 38 which controls
operations of these circuits 33, 34, 36 and 37; and means for
selecting supply of the viewing angle control signal C2 or
C21 to the opposed electrode 25 of the liquid crystal display
device in accordance with the viewing angle selection signal
from the outside. Furthermore, the common signal C1 is
applied to the common electrode 14 of the liquid crystal
display device, the black data signal Doff or the white data
Don is supplied to the signal line to give the signal electrode
potential Soff or Son to the signal electrode 15, and the
viewing angle control signal C2 is selectively applied to the
opposed electrode 25, thereby performing stable viewing
angle control in a sufficiently wide range.

[0118] Moreover, in the liquid crystal display apparatus, of
the common electrode 14 and the signal electrode 15 on the
inner surface side of one electrode 12 of the liquid crystal
display device, the common electrode 14 is formed in
accordance with at least the entire region of the pixel 100,
and the signal electrode 15 is formed into a shape which has
an area smaller than the pixel 100 on the interlayer insulating
film 24 covering the common electrode 14 and faces the
common electrode 14 at the edge portions 15¢. Therefore,
the transverse electric field is generated between the part of
the common electrode 14 corresponding to the edge portions
15¢ of the signal electrode 15 and the common electrode 14,
and an alignment direction of the liquid crystal molecules
13a is changed by the transverse electric field to display an
excellent image. Furthermore, applying the viewing angle
control signal C2 to the opposed electrode 25 generates the
vertical electric field in the substantially entire region of the
pixel 100, and the liquid crystal molecules 134 are obliquely
raised and aligned in the substantially entire region of the
pixel 100, thus performing further stable viewing angle
control.

[0119] Moreover, in the foregoing embodiment, since the
signal electrode 15 is formed of the comb-like electrocon-
ductive film 15a patterned into the comb-like shape having
the plurality of tooth portions, the transverse electric field
can be generated at many positions in the pixel 100, i.e., the
respective edge portions 15¢ on both sides of each tooth
portion of the comb-like electroconductive film 154, and an
alignment direction of the liquid crystal molecules 13a can
be changed in the substantially entire region of the pixel 100,
thereby displaying a further excellent image.

[0120] That is, the common electrode 14 is formed in
accordance with at least the entire region of the pixel 100,
and the signal electrode 15 is formed into a shape having an
area smaller than the pixel 100 on the interlayer insulating
film 24 covering the common electrode 14 and faces the
common electrode 14 at the edge portion 15¢ thereof.
Therefore, a transverse electric field in a direction substan-
tially parallel to the surface of the pixel substrate 12 is
generated at the part corresponding to the edge portion 15¢
of the signal electrode 15 (a part between the edge portion
of the signal electrode 15 and the part of the common
electrode 14 corresponding to the edge of the signal elec-
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trode 15) between the common electrode 14 and the signal
electrode 15 by the voltage C1-Son corresponding to a
potential difference between the common signal C1 and the
signal electrode potential Son corresponding to the white
display. The liquid crystal molecules 13a are aligned by this
transverse electric field with their long axes being aligned in
a direction of the transverse electric field, and the liquid
crystal molecules 13a at a central part of the tooth portion
155 of the signal electrode 15 and the liquid crystal mol-
ecules 134 on the common electrode 14 placed at the center
between the tooth portions 1556 are likewise aligned by an
influence of behaviors of the liquid crystal molecules 13a.

[0121] Additionally, in the liquid crystal display appara-
tus, the homogeneous alignment films 27 and 28 which
define an alignment direction of the liquid crystal molecules
13a at the time of no electric field are formed on the inner
surfaces of the pair of substrates 11 and 12 in the liquid
crystal display device. The pair of polarizing plates 29 and
30 are arranged with the pair of substrates 11 and 12
therebetween. As shown in FIG. 4, the alignment films 27
and 28 on the inner surfaces of the pair of substrates 11 and
12 are respectively subjected to the aligning treatment in
opposite directions along a direction substantially parallel to
the vertical direction of the screen of the liquid crystal
display device. Further, of the pair of polarizing plates 29
and 30, the polarizing plate 29 on the observation side is
provided in such a manner that its transmission axis 29a
becomes substantially parallel to the aligning treatment
directions 11a and 124 of the alignment films 27 and 28, and
the polarizing plate 30 on the opposite side of the observa-
tion side is provided in such a manner that its transmission
axis 30a becomes substantially perpendicular to the trans-
mission axis 29a of the polarizing plate 29 on the observa-
tion side. Therefore, a viewing angle in left and right
directions in the screen can be controlled. Accordingly, it is
possible to perform wide viewing angle display in a wide
viewing angle range inclined in left and right directions at
substantially the same angles with respect to the normal line
of the liquid crystal display device, and narrow viewing
angle display in which the viewing angle range is narrowed
at each substantially equal angle from the left and right
directions.

[0122] Tt is to be noted that the liquid crystal display
device may be a normally white mode display device in
which the polarizing plate 30 on the opposite side of the
observation side is provided in such a manner that its
transmission axis 30a becomes substantially parallel to the
transmission axis 29a of the polarizing plate 29 on the
observation side. In such a case, the alignment films 27 and
28 are respectively likewise subjected to an aligning treat-
ment in opposite directions along a direction substantially
parallel to the vertical direction of the screen, and the
transmission axis 29a of the polarizing plate 29 on the
observation side is set in substantially parallel to the aligning
treatment directions 11a and 12a of the alignment films 27
and 28, thereby controlling a viewing angle in the left and
right directions of the screen.

[0123] Furthermore, in the foregoing embodiment, each
tooth portion 155 of the signal electrode 15 consisting of the
comb-like electroconductive film 154 in the liquid crystal
display device is formed into an elongated shape along a
direction inclined with respect to the vertical direction of the
screen in one of the left and right directions at a predeter-
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mined angle, e.g., an angle 6 of 5° to 15°, and the alignment
films 27 and 28 are subjected to an aligning treatment in a
direction substantially parallel to the vertical direction of the
screen. Therefore, the liquid crystal molecules 13a are
operated to change its alignment direction in one direction
by generation of the transverse electric field from a state of
no electric field where the liquid crystal molecules 13a are
aligned with their long axes being aligned in a direction
obliquely crossing the aligning treatment directions 11a and
12a of the alignment films 27 and 28, i.e., a direction of the
transverse electric field generated between the common
electrode 14 and the signal electrode 15 at the predetermined
angle 0, thereby displaying an image having no irregularities
in luminance.

Second Embodiment

[0124] FIG. 16 is a plan view showing a part of one
substrate in a liquid crystal display device according to a
second embodiment of the present invention. It is to be noted
that, in this embodiment, like reference numerals denote
parts corresponding to those in the first embodiment. thereby
eliminating their explanation.

[0125] In a liquid crystal display apparatus according to
this embodiment, a signal electrode 15 on an inner surface
of a pixel forming electrode substrate 12 in a liquid crystal
display device is formed of a slit formed electroconductive
film 1154 patterned into a shape having a plurality of slits
115¢ along a direction inclined in one of left and right
directions with respect to a vertical direction of a screen of
the liquid crystal display device, i.e., a vertical axis Y of the
screen at a predetermined angle, e.g., an angle 6 of 5° to 15°,
and other structures are the same as those in the first
embodiment.

[0126] In this liquid crystal display apparatus, since a
signal electrode 115 on the inner surface of the pixel forming
electrode substrate 12 in the liquid crystal display device is
formed of the slit formed electroconductive film 115q.
Therefore, a data signal Don or Doff supplied to the signal
electrode 115 from the driving means 32 shown in FIG. 5
through an active element (a TFT) 16 can be supplied to the
entire signal electrode 115 without hardly decreasing a
voltage, thereby obtaining a substantially constant potential
in each portion of the signal electrode 115. Therefore, a
transverse electric field having a homogeneous intensity can
be generated at each of many positions in the pixel 100, i.e.,
parts corresponding to respective edge portions on both
sides of the plurality of slits 115¢, and an alignment direction
of liquid crystal molecules 13a can be substantially evenly
controlled in the substantially entire region of the pixel 100,
thereby displaying a further excellent pixel. Furthermore,
applying the viewing angle control signal C2 or C21 to the
opposed electrode 25 can homogenize an intensity of the
vertical electric field generated between the common elec-
trode 14 and the opposed electrode 25 corresponding to at
least the entire region of the pixel 100 over the substantially
entire region between the common electrode 14 and the
opposed electrode 25. Moreover, an intensity of the vertical
electric field generated between the common electrode 14
and the signal electrode 115 formed of the slit formed
electrocondutive film 1154 can be homogenized over the
substantially entire region between the signal electrode 115
and the opposed electrode 25, thereby effecting further
stable viewing angle control.
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Third Embodiment

[0127] FIGS. 17 and 18 are a plan view showing a part of
one substrate of a liquid crystal display device according to
a third embodiment of the present invention and a cross-
sectional view showing a part of the liquid crystal display
device. It is to be noted that, in this embodiment, like
reference numerals denote corresponding parts in the first
embodiment, thereby eliminating their explanation.

[0128] In a liquid crystal display apparatus according to
this embodiment, common electrodes 214 and signal elec-
trodes 215 on an inner surface of a pixel forming electrode
substrate 12 of a liquid crystal display device are provided
at intervals in a direction along the surface of the substrate
12. In this embodiment, the common electrode 214 is
formed of first comb-like electroconductive films 214a
patterned into a comb-like shape having a plurality of tooth
portions 2145 along a direction inclined in one of left and
right directions with respect to a vertical direction of a
screen of the liquid crystal display device, i.e., a vertical axis
Y of the screen at an angle 6 of 5° to 15°, and the signal
electrode 15 is formed of second comb-like electroconduc-
tive films 215a patterned into a comb-like shape having a
plurality of tooth portions 2155 which are respectively
adjacent to the plurality of tooth portions 2145 of the first
comb-like electroconductive film 214a through a gap. Other
structures are the same as those in the first embodiment.

[0129] Ttis to be noted that the first comb-like electrocon-
ductive film 214a forming the common electrode 214 is
formed into a shape obtained by integrally connecting the
comb-like electroconductive films 2144 corresponding to a
plurality of pixels 100 with each other in accordance with
each pixel row, and the comb-like electroconductive films
214a in each row are mutually connected at end portions
thereof.

[0130] Further, the second comb-like electroconductive
films 2154 forming the signal electrode 215 are provided in
accordance with the respective pixels 100, and respectively
connected with a plurality of active elements (TFTs) 16
formed on the inner surface of the pixel forming electrode
substrate 12.

[0131] Furthermore, each of the tooth portions 2145 and
2155 of the first comb-like electroconductive film 214a and
the second comb-like electroconductive film 2154 is formed
into an elongated shape along a direction inclined in one of
left and right directions with respect to the vertical direction
of the screen of the liquid crystal display device, i.e., the
vertical axis Y of the screen at an angle 0 of 5° to 15°. Each
of ratios d5/d3 and d5/d4 of widths d3 and d4 of these tooth
portions 214b and 215 and a gap d5 between the tooth
portion 2144 of the first comb-like electroconductive film
214a and the tooth portion 2155 of the second comb-like
electroconductive film 215a is set to 1/3 to 3/1, or preferably
1/1.

[0132] Moreover, alignment films 27 and 28 formed on
inner surfaces of the pair of substrates 11 and 12 of the liquid
crystal display device are subjected to an aligning treatment
in opposite directions along a direction substantially parallel
to the vertical direction of the screen 10 (the vertical axis Y
of the screen). Of a pair of polarizing plates 29 and 30, the
polarizing plate 29 on an observation side is arranged in such
a manner that its transmission axis becomes substantially
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parallel to a direction of the aligning treatment, and the
polarizing plate 30 on an opposite side is arranged in such
a manner that its transmission axis becomes substantially
perpendicular or parallel to the transmission axis of the
polarizing plate 29 on the observation side.

[0133] According to this liquid crystal display apparatus,
since common electrode 214 and each signal electrode 215
on the inner surface of the pixel forming electrode substrate
12 of the liquid crystal display device are provided at
intervals in a direction along the surface of the substrate 12,
the transverse electric field is generated between opposed
edge portions of these electrodes 214 an 215. An alignment
direction of liquid crystal molecules 13a is changed by the
transverse electric field to display an image, and the above-
described viewing angle control signal C2 or C21 is selec-
tively applied to the opposed electrode 25 provided in
accordance with at least the entire region of the pixel 100 on
the inner surface of the opposed substrate 11 of the liquid
crystal display device, thereby effecting stable viewing
angle control.

[0134] Additionally, in this embodiment, the common
electrode 214 is formed of the first comb-like electrocon-
ductive films 214a each patterned into a comb-like shape
having the plurality of parallel tooth portions 2144, and the
signal electrode 215 is formed of the second comb-like
electroconductive films 215a each patterned into a comb-
like shape having the plurality of parallel tooth portions
215b which are adjacent to the plurality of tooth portions
214b of the first comb-like electroconductive film 214a at
intervals. Therefore, the transverse electric field can be
generated at a plurality of positions of the pixel 100 to
change the alignment direction of the liquid crystal mol-
ecules 13a, thereby displaying an excellent image.

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

a pair of substrates arranged to face each other with a gap
therebetween;

a liquid crystal layer interposed between the pair of
substrates;

first and second electrodes which are provided on opposed
inner surface side of one of the pair of substrates, and
insulated from each other to generate in the liquid
crystal layer a transverse electric field in a direction
substantially parallel to the substrate surfaces;

a third electrode which is provided on an inner surface
side of the other substrate in accordance with an entire
region of a pixel defined by a region in which an
alignment state of liquid crystal molecules is controlled
by the transverse electric field generated between the
first and second electrodes:;

an image display circuit which supplies a display drive
voltage corresponding to image data between the first
and second electrodes to generate the transverse elec-
tric field between the first and second electrodes;

a viewing angle control circuit which supplies a viewing
angle control voltage different from the display drive
voltage between at least one of the first and second
electrodes and the third electrode to generate between
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these electrodes a vertical electric field in a direction
substantially parallel to a thickness direction of the
liquid crystal layer; and

a pair of polarizing plates arranged with the pair of
substrates therebetween.
2. The liquid crystal display apparatus according to claim
1, wherein, of the first and second electrodes provided on the
inner surface side of one substrate, the first electrode is
formed in accordance with at least the entire region of the
pixel,

the second electrode is formed into a shape having an area
smaller than that of the first electrode and facing the
first electrode at an edge portion on an insulating film
covering the first electrode, and

the viewing angle control circuit includes a viewing angle
controlling voltage supply circuit which supplies the
viewing angle controlling voltage between the first
electrode and the third electrode provided on the inner
surface side of the other substrate.
3. The liquid crystal display apparatus according to claim
2, wherein the second electrode includes a comb-like elec-
troconductive film patterned into a comb-like shape having
a plurality of tooth portions.
4. The liquid crystal display apparatus according to claim
2, wherein the second electrode includes a slit formed
electroconductive film patterned into a shape having a
plurality of slits.
5. The liquid crystal display apparatus according to claim
1, wherein the first and second electrodes provided on the
inner surface side of one substrate are provided at intervals
in a direction along substrate surfaces.
6. The liquid crystal display apparatus according to claim
5, wherein the first electrode includes a first comb-like
electroconductive film patterned into a comb-like shape
having a plurality of tooth portions, and

the second electrode includes a second comb-like elec-
troconductive film patterned into a comb-like shape
having a plurality of tooth portions which are adjacent
to the plurality of tooth portions of the first comb-like
electroconductive film at intervals.
7. The liquid crystal display apparatus according to claim
1, wherein respective alignment films are further formed on
the inner surface sides of the pair of substrates, and the
respective alignment films are subjected to an aligning
treatment in opposite directions along a direction obliquely
crossing a direction of the transverse electric field generated
between the first and second electrodes at a predetermined
angle.
8. The liquid crystal display apparatus according to claim
4, wherein respective alignment films are further formed on
the inner surface sides of the pair of substrates, and the
respective alignment films are subjected to an aligning
treatment in opposite directions along a direction obliquely
crossing a length direction of the edge portion of the second
electrode at a predetermined angle.
9. The liquid crystal display apparatus according to claim
1, wherein respective alignment films are further formed on
the inner surface sides of the pair of substrates, and the
respective alignment films are subjected to an aligning
treatment in opposite directions along a direction substan-
tially parallel to a vertical direction of a screen of the liquid
crystal display apparatus, and
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the polarizing plate on an observation side of the pair of
polarizing plates is arranged in such a manner that its
transmission axis becomes substantially parallel to the
aligning treatment, whilst the polarizing plate on the
opposite side is arranged in such a manner that its
transmission axis becomes substantially perpendicular
or parallel to the transmission axis of the polarizing
plate on the observation side.

10. A liquid crystal display apparatus comprising:

a liquid crystal display device including:

a pair of substrates arranged to face each other with a gap
therebetween,

a liquid crystal layer interposed between the pair of
substrates,

first and second electrodes which are arranged on opposed
inner surface sides of one of the pair of substrates, and
insulated from each other to generate in the liquid
crystal layer a transverse electric field in a direction
substantially parallel to substrate substrates, and

a third electrode which is provided on an inner surface
side of the other substrate in accordance with an entire
region of each of a plurality of pixels defined by a
region in which an alignment state of liquid crystal
molecules is controlled by at least the transverse elec-
tric field generated between the first and second elec-
trodes,

the plurality of pixels being arranged in a matrix form in
a row direction and a column direction; and

a drive circuit which sequentially selects the plurality of
pixels arranged in the matrix form in the liquid crystal
display device in accordance with each pixel row of the
plurality of pixels arranged in the row direction to
generate a first signal which is applied to the first
electrode to control the plurality of pixels in the pixel
rows in accordance with each selected pixel row and
whose potential varies in accordance with each hori-
zontal scanning period assigned to each pixel row, a
second signal which has a potential difference corre-
sponding to image data with respect to the first signal
and is applied to the second electrode, and a third signal
whose potential varies in synchronization with a
change in potential of the first signal, has a predeter-
mined potential difference with respect to each of the
first signal and the second signal and is selectively
applied to the third electrode.

11. The liquid crystal display apparatus according to claim
10, wherein the drive circuit selectively applies a signal as
the third signal, whose potential varies in antiphase with
respect to a change in potential of the first signal to the third
electrode of the liquid crystal display device.

12. The liquid crystal display apparatus according to
claim 10, wherein the drive circuit selectively applies to the
third electrode of the liquid crystal display device a signal as
the third signal, whose potential varies in phase with respect
to a change in phase of the first signal and has an absolute
value different from a potential of the first signal.

13. The liquid crystal display apparatus according to
claim 10, wherein the drive circuit includes:

a first signal generation circuit which generates a signal as
the first signal, whose potential varies in accordance
with each horizontal scanning period;

14
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second signal generation circuit which generates a
signal as the second signal, which supplies to the
second electrode a potential which varies to a value
having a potential difference corresponding to image
data with respect to a potential of the first signal in
accordance with each horizontal scanning period;

a third signal generation circuit which generates a signal
as the third signal, whose potential varies in antiphase
or in phase with respect to a change in potential of the
first signal; and

selecting means for selecting application of the third
signal to the third electrode of the liquid crystal display
device.

14. The liquid crystal display apparatus according to
claim 10, wherein the liquid crystal display device includes
a plurality of active elements each of which is arranged in
accordance with each pixel, and has an input electrode and
an output electrode for signals and a control electrode which
controls electrical conduction between the input and output
electrodes, the control electrode being connected with a
scanning line in accordance with each row, the input elec-
trode being connected with a signal line in accordance with
each column, the output electrode being connected with the
second electrode, and

the drive circuit includes:

a common signal generation circuit which generates a
signal as the first signal, whose potential varies in
accordance with each horizontal scanning period and
supplies the first signal to the first electrode of the
liquid crystal display device;

an image signal generation circuit which generates a
signal as the second signal, which supplies to the
second electrode a voltage whose potential varies to a
value having a potential difference corresponding to
image data with respect to a potential of the first signal
in accordance with each horizontal scanning period,

scanning signal generation circuit which generates a
scanning signal which achieves electrical conduction
between the input electrode and the output electrode of
the active element in a selected row in one horizontal
scanning period, and supplies the scanning signal to the
scanning line;

a viewing angle control signal generation circuit which
generates a signal as the third signal, whose potential
varies in antiphase or in phase with respect to a change
in potential of the first signal; and

a signal selection circuit which selects supply of the third
signal to the third electrode of the liquid crystal display
device.

15. The liquid crystal display device according to claim
14, wherein each of the plurality of active elements includes
a thin film transistor having a gate electrode connected with
the scanning line, one of a drain electrode and a source
electrode connected with the signal line, and the other one
connected with the second electrode.

16. The liquid crystal display apparatus according to
claim 10, wherein, of the first and second electrodes on the
inner surface side of one substrate of the liquid crystal
display device, the first electrode is formed in accordance
with at least an entire region of the pixel, and the second
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electrode is formed into a shape having an area smaller than
that of the pixel and facing the first electrode at an edge
portion thereof on an insulating film covering the first
electrode.

17. The liquid crystal display apparatus according to
claim 16, wherein the second electrode includes a comb-like
electroconductive film patterned into a comb-like shape
having a plurality of tooth portions.

18. The liquid crystal display apparatus according to
claim 16, wherein the second electrode includes a slit
formed electroconductive film patterned into a shape having
a plurality of slits.

19. The liquid crystal display apparatus according to
claim 10, wherein the liquid crystal display device includes:

homogeneous alignment films which are respectively
formed oh the inner surface sides of the pair of sub-
strates, define an alignment direction of the liquid
crystal molecules at the time of no electric field, and are
subjected to an aligning treatment in opposite direc-
tions along a direction substantially parallel to a verti-
cal direction of a screen of the liquid crystal display
device; and

a pair of polarizing plates arranged with the pair of
substrates therebetween, the polarizing plate on an
observation side being provided in such a manner that
its transmission axis becomes substantially parallel to
the aligning treatment of the alignment films, the polar-
izing plate on an opposite side of the observation side
being provided in such a manner that its transmission
axis becomes substantially perpendicular or parallel to
the transmission axis of the polarizing plate on the
observation side.
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20. A liquid crystal display apparatus comprising:

liquid crystal displaying means having a liquid crystal
layer interposed between a pair of substrates arranged
to face each other with a gap therebetween, first and
second electrodes which generate in the liquid crystal
layer a transverse electric field in a direction substan-
tially parallel to the substrate surfaces, and a third
electrode which generates in the liquid crystal layer a
vertical electric field in a direction substantially parallel
to a thickness direction of the liquid crystal layer, the
liquid crystal displaying means controlling an align-
ment state of molecules of the liquid crystal layer by the
transverse electric field in accordance with each pixel
defined by a region of the liquid crystal layer whose
alignment is controlled by the transverse electric field
generated by the first electrode and the second elec-
trode, thereby displaying an image by using the plu-
rality of pixels;

image displaying means for generating a display drive
signal corresponding to image data supplied thereto,
and supplying the generated display drive signal to the
first electrode and the second electrode to generate a
transverse electric field corresponding to the image data
in accordance with each of the plurality of pixels; and

viewing angle controlling means for receiving a viewing
angle selection signal for selection of a viewing angle
to be synchronized with the display drive signal, gen-
erating a viewing angle controlling voltage different
from the display drive signal, and supplying the gen-
erated voltage to the third electrode to generate the
vertical electric field in the liquid crystal layer of the
plurality of pixels, thereby restricting a range of the
viewing angle.
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