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LIQUID CRYSTAL DISPLAY DEVICE
SELECTABLE BETWEEN WIDE VIEW ANGLE
DISPLAY AND NARROW VIEW ANGLE DISPLAY
AND LIQUID CRYSTAL DISPLAY APPARATUS
USING SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a changeable view
angle type liquid crystal device which can select between
wide view angle display and narrow view angle display, and
a liquid crystal display apparatus using the same.

[0003] 2. Description of the Related Art

[0004] Since a liquid crystal display device has a wide
view angle, its display might be seen by someone other than
the viewer, from a direction inclined from the front forward
direction.

[0005] Hence, there has been proposed a liquid crystal
display apparatus which limits the view angle of the liquid
crystal display device by using a view angle limiting device,
which is disposed on one surface of the liquid crystal display
device, and whose area corresponding to the screen of the
liquid crystal display device is divided into a plurality of
regions to make the liquid crystal molecules in the respec-
tive regions aligned in different alignment states region by
region (Unexamined Japanese Patent Application KOKAI
Publication No. 2004-133334).

[0006] The view angle limiting device is structured such
that its area corresponding to the screen of the liquid crystal
display device is divided into a plurality of regions, so that
in each region, the liquid crystal molecules of a liquid crystal
layer, which is sealed between a pair of substrates, are
aligned in an alignment state having a view angle in a
direction inclined to one side from a normal line of the liquid
crystal display device, and in an alignment state having a
view angle in a direction inclined from the normal line to a
reverse side to that side. The pair of substrates of the view
angle limiting device have electrodes having a predeter-
mined shape on their inner surfaces facing each other.

[0007] Such a liquid crystal display apparatus limits the
view angle of an image displayed by the liquid crystal
display device, by applying a voltage between the electrodes
of the view angle limiting device to reduce the visibility
from an oblique observing direction.

[0008] Specifically, when no voltage is applied between
the electrodes of the view angle limiting device, i.e., when
the view angle limiting device is in a non-display status, the
display image of the liquid crystal display device can be seen
at a wide view angle. Contrarily, when a voltage is applied
between the electrodes of the view angle limiting device, the
display image of the liquid crystal display device is hidden
by display made by the respective regions of the view angle
limiting device, that have a view angle in the direction
inclined to one side, and display made by the respective
regions that have a view angle in the direction inclined to the
reverse side, if the display image of the liquid crystal display
device is observed from a direction inclined to one side from
the front forward direction, and from a direction inclined to
the reverse side to that side. Therefore, the display image of
the liquid crystal display device cannot be recognized from
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the direction inclined to one side and from the direction
inclined to the reverse side, and the view angle of the display
image is seemingly limited and becomes narrow.

[0009] However, the view angle limiting device is hard to
manufacture, because a complex aligning process (rubbing
on aligning films) for imparting different directivities to each
region has to be applied to the inner surfaces of the pair of
substrates, in order to align the liquid crystal molecules of
the liquid crystal layer in different alignment states region by
region.

[0010] Further, a changeable view angle type liquid crystal
display apparatus having the above-described view angle
limiting device has to use two liquid crystal devices, thus has
a problem that the apparatus becomes thick and its structure
becomes complicated.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide a
changeable view angle type liquid crystal display apparatus
which has a simple structure and can perform wide view
angle display and a narrow view angle display.

[0012] To achieve the above object, a liquid crystal display
device according to a first aspect of the present invention
comprises:

[0013] a pair of substrates facing each other via a liquid
crystal layer;
[0014] a plurality of pixel electrodes arranged in a matrix

on an inner surface of one substrate, of facing inner surfaces
of the pair of substrates;

[0015] a plurality of thin film transistors which are
arranged on the inner surface of the one substrate corre-
spondingly to the plurality of pixel electrodes respectively,
and to each of which a corresponding one of the plurality of
pixel electrode, a gate line to which a gate signal is supplied,
and a data line to which a data signal corresponding to image
data is supplied are connected,

[0016] a first opposing electrode provided on the inner
surface of the other substrate, for generating, between itself
and the plurality of pixel electrodes respectively, a vertical
electric field in a direction substantially parallel with a
direction of a normal line of the substrates; and

[0017] asecond opposing electrode provided on the inner
surface of the other substrate, for generating, between itself
and the plurality of pixel electrodes respectively, an oblique
electric field in a direction inclined obliquely from the
direction of the normal line of the substrates.

[0018] Since the liquid crystal display device according to
the first aspect comprises pixel electrodes on one of facing
inner surfaces of a pair of substrates facing each other, and
comprises a first opposing electrode for generating, between
the itself and the pixel electrode, a vertical electric field
substantially parallel with the normal line of the substrates,
and a second opposing electrode for generating an oblique
electric field in a direction inclined from the normal line of
the substrates, on the inner surface of the other substrates,
the device can perform wide view angle display and narrow
view angle display with a simple structure.

[0019] Inthe liquid crystal display device according to the
first aspect, it is preferred that the first opposing electrode be
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arranged so as to oppose to the plurality of pixel electrodes
respectively; and the second opposing electrode be arranged
s0 as to oppose to regions between adjoining pixel elec-
trodes respectively. Further, it is preferred that the first
opposing electrode be formed so as to oppose to a plurality
of pixel electrode columns respectively. which each include
pixel electrodes arranged in a column direction, of the
plurality of pixel electrodes arranged in a matrix of a row
direction and the column direction; and the second opposing
electrode be formed so as to oppose to regions between the
plurality of pixel electrode columns respectively. In this
case, the first opposing electrode be formed into a pectinate
shape comprising a plurality of stripe-shaped electrode
portions opposing to the plurality of pixel electrode columns
respectively over an entire length of the columns, and a
wiring portion which binds one end of the respective elec-
trode portions at an outside of one end of the pixel electrode
columns; and the second opposing electrode be formed into
a pectinate shape comprising a plurality of stripe-shaped
electrode portions opposing to the regions between the
plurality of pixel electrode columns respectively over an
entire length of the regions, and a wiring portion which
binds one end of the respective electrode portions at an
outside of the other end of the pixel electrode columns.
Further, it is preferred that the first opposing electrode be
formed to have a width smaller than a width of the pixel
electrodes opposing thereto respectively; and the second
opposing electrode be formed to have a width substantially
same as an interval between the plurality of pixel electrode
columns.

[0020] Ttis preferred that the present liquid crystal display
device further comprises stripe-shaped color filters having
three colors of red, green, and blue, which are formed on the
inner surface of the other substrate of the pair of substrates,
such that the color filters respectively correspond to a
plurality of pixel electrode columns each including pixel
electrodes arranged in a column direction, of the plurality of
pixel electrodes arranged in a matrix of a row direction and
the column direction, and such that the color filters have a
width defined by one side edge of each filter that opposes to
a center line of one of two regions between the pixel
electrode columns which adjoin each other via one pixel
electrode column, and by the other side edge of each filter
that opposes to a center line of the other of the two regions
between the pixel electrode columns. These color filters may
be stripe-shaped color filters having three colors of red,
green, and blue, which are formed on the inner surface of the
other substrate of the pair of substrates, such that the color
filters respectively correspond to a plurality of pixel elec-
trode rows each including pixel electrodes arranged in a row
direction, of the plurality of pixel electrodes arranged in a
matrix of the row direction and a column direction, and such
that the color filters have a length extending over an entire
length of the pixel electrode rows. Alternatively, these color
filters may be dot-shaped color filters having three colors of
red, green, and blue, which are formed on the inner surface
of the other substrate of the pair of substrates, such that the
color filters respectively correspond to the pixel electrodes
included in a plurality of pixel electrode columns each
including pixel electrodes arranged in a column direction, of
the plurality of pixel electrodes arranged in a matrix of a row
direction and the column direction, and such that the color
filters have a width defined by one side edge of each filter
that opposes to a center line of one of two regions between
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the pixel electrode columns which adjoin each other via one
pixel electrode column, and by the other side edge of each
filter that opposes to a center line of the other of the two
regions between the pixel electrode columns.

[0021] The liquid crystal display device may further com-
prise a pair of polarizing plates, which are disposed at
external sides of the pair of substrates respectively, and
whose transmission axes are arranged so as to constitute a
liquid crystal display device of a normally white mode
which allows light transmission when no electric field is
applied between the plurality of pixel electrodes and the first
opposing electrode. Alternatively, the liquid crystal display
device may further comprise a pair of polarizing plates,
which are disposed at external sides of the pair of substrate
respectively, and whose transmission axes are arranged so as
to constitute a liquid crystal display device of a normally
black mode which substantially blocks light when no elec-
tric field is applied between the plurality of pixel electrodes
and the first opposing electrode.

[0022] The liquid crystal display apparatus according to a
second aspect of the present invention comprises:

[0023] a liquid crystal display device comprising

[0024] apair of substrates facing each other via a liquid
crystal layer,

[0025] a plurality of pixel electrodes arranged in a
matrix on an inner surface of one substrate, of facing
inner surfaces of the pair of substrates,

[0026] a plurality of thin film transistors which are
arranged on the inner surface of he one substrate
correspondingly to the plurality of pixel electrodes
respectively, and to each of which a corresponding one
of the plurality of pixel electrode, a gate line to which
gate signal is supplied, and a data line to which a data
signal corresponding to image data is supplied are
connected,

[0027] a first opposing electrode provided on the inner
surface of the other substrate, or generating, between
itself and the plurality of pixel electrodes respectively,
a vertical electric field in a direction substantially
parallel with a direction of a normal line of the sub-
strates, and

[0028] a second opposing electrode provided on the
inner surface of the other substrate, for generating,
between itself and the plurality of pixel electrodes
respectively, an oblique electric field in a direction
inclined obliquely from the direction of the normal line
of the substrate; and

[0029] a display driver which applies a vertical electric
field corresponding to the image data to the liquid crystal
layer in pixel regions defined by regions in which the
plurality of pixel electrodes and the first opposing electrode
of the liquid crystal display device oppose to each other, and
applies an oblique electric field between the plurality of
pixel electrodes and the second opposing electrode, for
aligning liquid crystal molecules of the liquid crystal layer
in regions adjoining the pixel regions at a predetermined tilt.

[0030] Since the liquid crystal display apparatus according
to the second aspect comprises pixel electrodes on one of
facing inner surfaces of a pair of substrates, and comprises,
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on the inner surface of the other substrate, a first opposing
electrode for generating, between itself and the pixel elec-
trodes, a vertical electric field in a direction substantially
parallel with the normal line of the substrates, a second
opposing electrode for generating an oblique electric field in
a direction inclined from the normal line of the substrates,
and a display driver which applies the vertical electric field
corresponding to image data to the liquid crystal layer in the
pixel regions, and applies, to the regions adjoining the pixel
regions, an oblique electric field for aligning liquid crystal
molecules of the liquid crystal layer at a predetermined tilt,
the apparatus can perform wide view angle display and
narrow vie angle display with a simple structure.

[0031] Inthe liquid crystal display apparatus according to
the second aspect, it is preferred that the first opposing
electrode be formed such that the first opposing electrode
opposes to a plurality of pixel electrode groups respectively,
each of which includes pixel electrodes arranged in one of
row and column directions, of the plurality of pixel elec-
trodes arranged in a matrix of the row and column direc-
tions, and such that the first opposing electrode has a width
smaller than a width of the pixel electrodes opposing thereto
respectively; and the second opposing electrode be formed
so as to oppose to regions between the plurality of pixel
electrode groups arranged in the one direction respectively.

[0032] Tt is preferred that the display driver apply a data
voltage corresponding to image data to the plurality of pixel
electrodes respectively, apply a first opposing voltage hav-
ing a predetermined value for generating, between the first
opposing electrode and the pixel electrodes, an electric field
corresponding to the data voltage to the first opposing
electrode, and selectively apply a second opposing voltage
having a polarity same as that of the first opposing voltage
and an absolute value larger than that of the first opposing
voltage to the second opposing electrode.

[0033] It is preferred that the display driver apply a data
voltage corresponding to image data to the plurality of pixel
electrodes respectively, apply a first opposing voltage hav-
ing a predetermined value for generating, between the first
opposing electrode and the pixel electrodes, an electric field
corresponding to the data voltage to the first opposing
electrode, and selectively apply, to the second opposing
electrode, one of the first opposing voltage and a second
opposing voltage which has a polarity same as that of the
first opposing voltage and an absolute value larger than that
of the first opposing voltage and which is for substantially
blocking light transmission through the regions adjoining
the pixel regions.

[0034] A liquid crystal display apparatus according to a
third aspect of the present invention comprises:

[0035]

[0036] apair of substrates facing each other via a liquid
crystal layer,

[0037] a plurality of pixel electrodes arranged in a
matrix on an inner surface of one substrate, of facing
inner surfaces of the pair of substrates,

a liquid crystal display device comprising

[0038] a plurality of thin film transistors which are
arranged on the inner surface of the one substrate
correspondingly to the plurality of pixel electrodes
respectively, and to each of which a corresponding one
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of the plurality of pixel electrode, a gate line to which
a gate signal is supplied, and a data line to which a data
signal corresponding to image data is supplied are
connected,

[0039] a first opposing electrode provided on the irmer
surface of the other substrate, for generating, between
itself and the plurality of pixel electrodes respectively,
a vertical electric field in a direction substantially
parallel with a direction of a normal line of the sub-
strates, and

[0040] a second opposing electrode provided on the
inner surface of the other substrate, for generating,
between itself and the plurality of pixel electrodes
respectively, an oblique electric field in a direction
inclined obliquely from the direction of the normal line
of the substrate; and

[0041] a display driver which applies a data voltage for
generating an electric field corresponding to the data signal
between the plurality of pixel electrodes and the first oppos-
ing electrode, and selectively applies, between the pixel
electrodes and the second opposing electrode, a view angle
control voltage for generating an electric field for aligning
liquid crystal molecules of the liquid crystal layer in an
alignment state which makes a display as seen from an
oblique direction seem substantially black or white.

[0042] Since the liquid crystal display apparatus according
to the third aspect comprises pixel electrodes on one of
facing inner surfaces of a pair of substrate, and comprises,
on the inner surface of the other substrate, a first opposing
electrode for generating, between itself and the pixel elec-
trode, a vertical electric field in a direction substantially
parallel with the normal line of the substrate, a second
opposing electrode for generating an oblique electric field in
a direction inclined from the normal line of the substrate,
and a display driver which applies a data voltage for
generating an electric field corresponding to a data signal
between the plurality of pixel electrodes and the first oppos-
ing electrode, and selectively applies, between the pixel
electrodes and the second opposing electrode, a view angle
control voltage for generating an electric field for aligning
the liquid crystal molecules of the liquid crystal layer in an
alignment state which makes the display as seen from an
oblique direction seem substantially black or white, the
apparatus can perform wide view angle display and narrow
view angle display with a simple structure.

[0043] 1In the liquid crystal display apparatus according to
the third aspect, it is preferred that the display driver apply
a data voltage corresponding to image data to the plurality
of pixel electrodes respectively, apply a first opposing volt-
age having a predetermined value for generating, between
the first opposing electrode and the pixel electrodes, an
electric field corresponding to the data voltage to the first
opposing electrode, and apply a second opposing voltage
whose polarity with respect to the data voltage is same as
that of the first opposing voltage and whose absolute value
is sufliciently larger than that of the first opposing voltage to
the second opposing electrode.

[0044] Further, it is preferred that the display driver apply
a data voltage corresponding to image data to the plurality
of pixel electrodes respectively, apply a first opposing volt-
age having a predetermined value for generating, between
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the first opposing electrode and the pixel electrodes, an
electric field corresponding to the data voltage to the first
opposing electrode, and apply a second opposing voltage
which is the same voltage as the data voltage to the second
opposing electrode.

[0045] Further, it is preferred that the display driver apply
a data voltage corresponding to image data to the plurality
of pixel electrodes respectively, apply a first opposing volt-
age having a predetermined value for generating, between
the first opposing electrode and the pixel electrodes, an
electric field corresponding to the data voltage to the first
opposing electrode, and selectively apply the first opposing
voltage and a second opposing voltage having a polarity
same as that of the first opposing voltage and an absolute
value larger than that of the first opposing voltage to the
second opposing electrode.

[0046] Further, it is preferred that the display driver may
be able to select from application of the data voltage
between the plurality of pixel electrodes, and the first
opposing electrode and the second opposing electrode in
response to designation to wide view angle display, and
application of the data voltage corresponding to image data
between the plurality of pixel electrodes and the first oppos-
ing electrode and application of a view angle control voltage
between the plurality of pixel electrodes and the second
opposing electrode in response to designation to narrow
view angle display.

[0047] Itis preferred that the view angle control voltage be
a voltage which has a polarity same as that of the data
voltage and an absolute value sufficiently larger than that of
the data voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] These objects and other objects and advantages of
the present invention will become ore apparent upon reading
of the following detailed description and the accompanying
drawings in which:

[0049] FIG.11is a cross sectional view showing a structure
of a liquid crystal display apparatus and a schematic struc-
ture of a display driver as a first embodiment of the resent
invention;

[0050] FIG. 2 is a waveform diagram showing waveforms
of voltages applied by the display driver of the liquid crystal
display apparatus according to the first embodiment, to pixel
electrodes and first and second opposing electrodes of a
liquid crystal display device;

[0051] FIG. 3 is a cross sectional diagram showing one
pixel portion of the liquid crystal display device according
to the first embodiment in enlargement;

[0052] FIG. 4 is a plan view showing a part corresponding
to one pixel portion on one substrate of the liquid crystal
display device in enlargement;

[0053] FIG. 5 is a plan view showing the first and second
opposing electrodes of the liquid crystal display device;

[0054] FIG. 6 is a plan view showing a relationship among
the plurality of pixel electrodes, the first and second oppos-
ing electrodes, and color filters of the liquid crystal display
device;
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[0055] FIG. 7is a plan view showing a relationship among
a plurality of pixel electrodes, first and second opposing
electrodes, and color filters of a liquid crystal display device
according to a second embodiment of the present invention;
and

[0056] FIG. 8is a plan view showing a relationship among
a plurality of pixel electrodes, first and second opposing
electrodes, and color filters of a liquid crystal display device
according to a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0057] Liquid crystal display devices will be described
below as embodiments of the present invention with refer-
ence to the accompanying drawings.

[0058] FIG. 1 to FIG. 6 show the first embodiment of the
present invention, and FIG. 1 is a cross sectional view
showing the structure of a liquid crystal display apparatus
and a schematic structure of a display driver.

[0059] The liquid crystal display apparatus is a changeable
view angle type, and comprises a liquid crystal display
device 1 which solely can perform both wide view angle
display and narrow view angle display, and a display driver
23.

[0060] The liquid crystal display device 1 is an active
matrix liquid crystal display device comprising an active
element constituted by a thin film transistor (hereinafter
referred to as TFT).

[0061] In the liquid crystal display device 1, one substrate
3 of a pair of transparent substrates 3 and 4 facing each other
via a liquid crystal layer 2, has on its inner surface, a
plurality of transparent pixel electrodes 5 arranged in a
matrix of a row direction (left and right direction of the
screen) and a column direction (up and down direction of the
screen), a plurality of TFTs 6 connected to the pixel elec-
trodes 5 respectively, and a plurality of gate lines 13 and data
lines 14 (see FIG. 4) connected to the plurality of TFTs 6
respectively. The other substrate 4 has on its inner surface,
a first transparent opposing electrode 17 for generating a
vertical electric field El having a direction substantially
parallel with the direction of the normal line of the substrates
3 and 4 between itself and the plurality of pixel electrodes
5, and a second transparent opposing electrode 18 for
generating an oblique electric field E2 inclined from the
direction of the normal line of the substrates 3 and 4 between
itself and the plurality of pixel electrodes 5. In FIG. 1, the
TFTs 6 are shown in a simplified state, and the gate lines 13
and data lines 14 are omitted.

[0062] Hereinafter, one substrate 3 on which the plurality
of pixel electrodes 5, TFTs 6, gate lines 13, and data lines 14
are formed will be referred as TFT substrate, and the other
substrate 4 on which the first and second opposing elec-
trodes 17 and 18 are formed will be referred to as opposing
substrate.

[0063] FIG. 3 is a cross sectional view showing one pixel
portion of the liquid crystal display device 1 in enlargement,
and FIG. 4 is a plan view showing a portion corresponding
to one pixel portion of one substrate of the liquid crystal
display device 1 in enlargement. As shown in FIG. 3 and
FIG. 4, the TFT 6 comprises a gate electrode 7 formed on the
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substrate surface of the TFT substrate 3, a transparent gate
insulating film 8 formed substantially entirely on the TFT
substrate 3 to cover the gate electrode 7, an i type semicon-
ductor film 9 formed on the gate insulating film 8 so as to
oppose to the gate electrode 7, and a source electrode 11 and
drain electrode 12 which are formed on both sides of the 1
type semiconductor film 9 between which a channel region
of the film 9 is sandwiched.

[0064] On the substrate surface of the TFT substrate 3, the
plurality of pixel electrodes 5 form pixel electrode rows by
respective pixel electrode groups each including a plurality
of pixels arranged in the row direction, and form pixel
electrode columns by respective pixel electrode groups each
including a plurality of pixels arranged in the column
direction. The gate lines 13 are formed on the substrate
surface of the TFT substrate 3 in a direction parallel with the
row direction between the plurality of pixel electrode rows.
The data lines 14 are formed on the gate insulating film 8 in
a direction parallel with the column direction between the
plurality of pixel electrode columns. The gate electrode 7 of
the TFT 6 is connected to the gate line 13 corresponding to
that TFT 6, and the drain electrode 12 of the TFT 6 is
connected to the data line 14 corresponding to that TFT 6.

[0065] The plurality of pixel electrodes 5 are formed on
the gate insulating film 8, and have the source electrode 11
of the corresponding TFTs 6 connected thereto respectively.
Each of the plurality of pixel electrodes 5 is disposed so as
to oppose to a portion of the first transparent opposing
electrode 17, and the width of each pixel electrode 5 is larger
than the width of the corresponding portion of the first
transparent opposing electrode 17 so that both edges of each
pixel electrode 5 oppose to the portions of the second
transparent opposing electrode 18 adjoining that corre-
sponding portion of the first transparent opposing electrode
17.

[0066] An overcoat insulating film 15 is further formed on
the inner surface of the TFT substrate 3 so as to cover the
plurality of TFTs 6 and data lines 14, and an aligning film 16
is formed on the overcoat insulating film 15 so as to cover
the plurality of pixel electrodes 5.

[0067] On the other hand, on the opposing substrate 4
having first and second opposing electrodes 17 and 18 on its
inner surface, the first opposing electrode 17 is formed so as
to oppose to the plurality of pixel electrodes 5, and the
second opposing electrode 18 is formed so as to oppose to
the regions between adjoining pixel electrodes 5. According
to the present embodiment, the second opposing electrode
18 is arranged so as to oppose to the regions between the
pixel electrodes 5 which adjoin each other in the row
direction.

[0068] FIG. 5 is a plan view of the first and second
opposing electrodes 17 and 18. The first opposing electrode
17 is formed into a pectinate shape having a plurality of
stripe-shaped electrode portions 175 opposing to the plural-
ity of pixel electrode columns respectively, and a wiring
portion 174 which binds one end of the respective electrode
portions 175 at the outside of one end of the pixel electrode
columns. The second opposing electrode 18 is formed into
a pectinate shape having a plurality of stripe-shaped elec-
trode portions 185 opposing to the regions between the
plurality of pixel electrode columns respectively, and a

Mar. 1, 2007

wiring portion 18a which binds one end of the respective
electrode portions 185 at the outside of the other end of the
pixel electrode columns.

[0069] The stripe-shaped electrode portions 175 of the first
opposing electrode 17 opposing to the plurality of pixel
electrode columns respectively are formed to have a width
slightly smaller than the width of the pixel electrodes 5. The
stripe-shaped electrode portions 185 of the second opposing
electrode 18 opposing to the regions between the plurality of
pixel electrode columns respectively are formed to have a
width substantially the same as the interval between the
plurality of pixel electrode columns. According to the
present embodiment, the stripe-shaped electrode portions
175 of the first opposing electrode 17 and the stripe-shaped
electrode portions 185 of the second opposing electrode 18
are formed to have substantially the same width.

[0070] In the liquid crystal display device 1, pixels are
defined by the regions in which the plurality of pixel
electrodes 5 and the first opposing electrode 17 face each
other. The vertical electric field E1 which is applied to the
liquid crystal layer between the electrodes in the respective
pixels controls the birefringence of the liquid crystal layer,
thereby the light transmissivity in each pixel is controlled
and an image is displayed by the plurality of such pixels. The
oblique electric field E2 which is applied, between the pixel
electrodes 5 and the second opposing electrode 18, to the
regions between the pixels adjoining each other in the row
direction, controls the birefringence of the regions between
the pixels, thereby controls the view angle.

[0071] The liquid crystal display device 1 is a color image
display device which comprises color filters 19R, 19G, and
19B of three colors of red, green, and blue each correspond-
ing to one of the plurality of pixels. The color filters 19R,
19G, and 19B are formed on the inner surface of one
substrate, for example, the opposing substrate 4, and the first
and second opposing electrodes 17 and 18 are formed on the
color filters 19R, 19G, and 19B.

[0072] FIG. 6 shows correspondence among the plurality
of pixel electrodes 5, the first and second opposing elec-
trodes 17 and 18, and the color filters 19R, 19G, and 19B.
As shown in FIG. 6, according to the present embodiment,
the stripe-shaped color filters 19R, 19G;, and 19B of the three
colors of red, green, and blue are formed on the inner surface
of the opposing substrate 4 so as to correspond to the
plurality of pixel electrode columns respectively. The
respective stripe-shaped color filters 19R, 19G, and 19B are
formed to have a width such that one side edge of each filter
opposes to the center line of a region between pixel electrode
columns, that adjoins another such region via one pixel
electrode column (the center line substantially coincides
with the center line of the stripe-shaped electrode portion
1850), and the other side edge of each filter opposes to the
center line of that adjoining another region between pixel
electrode columns (the center line substantially coincides
with the center line of an adjoining stripe-shaped electrode
portion 185).

[0073] Further, an aligning film 20 is formed on the inner
surface of the opposing substrate 4 so as to cover the first and
second opposing electrodes 17 and 18.

[0074] The TFT substrate 3 and the opposing substrate 4
are joined to each other via a frame-like sealing member
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(unillustrated) at their circumferences. The liquid crystal
layer 2 is formed of nematic liquid crystal having a positive
dielectric anisotropy sealed in a region enclosed by the
sealing member between the pair of substrates 3 and 4.

[0075] The TFT substrate 3 has a terminal arranging
portion (unillustrated) which extends outside the opposing
substrate 4, and the plurality of gate lines 13 and data lines
14 formed on the inner surface of the TFT substrate 3 are
respectively connected to a plurality of gate line terminals
and data line terminals formed on the terminal arranging
portion.

[0076] Further, first and second opposing electrode termi-
nals are formed on the terminal arranging portion of the TFT
substrate 3, and the wiring portions 17¢ and 185 of the first
and second opposing electrodes 17 and 18 formed on the
inner surface of the opposing substrate 4 are connected to
these opposing electrode terminals via unillustrated cross-
connected portions formed at the sealed portions by the
frame-like sealing member.

[0077] The liquid crystal display device 1 further com-
prises a pair of polarizing plates 21 and 22 which are
disposed at the external side of the TFT substrate 3 and at the
external side of the opposing substrate 4 respectively.

[0078] The liquid crystal display device 1 is a TN liquid
crystal display device in which the liquid crystal molecules
of the liquid crystal layer 2 are twisted, or a homogeneous
liquid crystal display device in which the liquid crystal
molecules are not twisted but aligned substantially parallel
with the surface of the substrates 3 and 4. The pair of
polarizing plates 21 and 22 have their transmission axes
arranged for performing display of a normally white mode.

[0079] The display driver 23 sequentially supplies a gate
signal to the plurality of gate lines 13 of the liquid crystal
display device 1, and a data signal to the plurality of data
lines 14 in synchronization with the supply of the gate
signal, thereby applying a data voltage corresponding to
image data carried on the data signal to each of the plurality
of pixel electrodes 5 while applying a first opposing voltage
to the first opposing electrode 17 for generating the vertical
electric field E1 corresponding to the data voltage between
the first opposing electrode 17 and the pixel electrodes 5,
and a second opposing voltage selectively to the second
opposing electrode 18 for generating the oblique electric
field E2 between the second opposing electrode 18 and the
pixel electrodes 5.

[0080] FIG. 2 shows the waveforms of the data voltage V,
and first and second opposing voltages V., and V__ , that
are applied by the display driver 23 to the pixel electrodes
5 and first and second opposing electrodes 17 and 18 of the
liquid crystal display device 1, where the shown data voltage
V, is of a case that it makes all the pixels display a black
image.

[0081] As shown in FIG. 2, the data voltage V4 and first
and second opposing voltages V., and V___, are voltages
which invert their polarity at each interval of a frame F. The
data voltage V, changes its amplitude in the range of +Vs in
accordance with the data signal. The first opposing voltage
V.om; has a polarity reverse to that of the data voltage V,
and changes it amplitude alternately between predetermined
values +V, and -V,. The second opposing voltage V__ .,
has a polarity reverse to that of the data voltage V4, 1.e., the
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same polarity as the first opposing voltage V__ ., and
changes its amplitude alternately between values +V -, and
-V, whose absolute values are sufficiently larger than that
of the values of the first opposing voltage V,

[0082] The present liquid crystal display apparatus is
mounted at the display section of an electronic apparatus
such as a portable phone, etc. The display driver 23 is
designed to switch the voltages to apply, in accordance with
selection between a wide view angle and a narrow view
angle made by using a view angle selection key or the like
provided on the electronic apparatus. For example, when a
wide view angle is selected, the display driver 23 applies the
first opposing voltage V_ ., to both the first and second
opposing electrodes 17 and 18 of the liquid crystal display
device 1. When a narrow view angle is selected, the display
driver 23 switches the voltage to be applied to the second
opposing electrode 18 of the first and second opposing
electrodes 17 and 18 from the first opposing voltage V.,
to the second opposing voltage V.

[0083] As described above, the liquid crystal display
device 1 comprises the plurality of pixel electrodes 5
arranged in a matrix, the plurality of TFTs 6 connected to the
pixel electrodes 5 respectively, and the plurality of gate lines
13 and data lines 14 connected to he plurality of TFTs 6
respectively, on the inner surface of one substrate (TFT
substrate) 3 of the facing inner surfaces of the pair of
substrates 3 and 4 facing each other via the liquid crystal
layer 2, and comprises the first opposing electrode 17 for
generating the vertical electric field E1 parallel with the
direction of the normal line of the substrates 3 and 4 between
itself and the respective plurality of pixel electrodes 5 and
the second opposing electrode 18 for generating the oblique
electric field E2 inclined from the direction of the normal
line of the substrates 3 and 4 between itself and the respec-
tive plurality of pixel electrodes 5 on the inner surface of the
other substrate (opposing substrate) 4. Accordingly, the
liquid crystal display device 1 displays an image by applying
a data voltage corresponding to image data to the plurality
of pixel electrodes 5 respectively, and applying, to the first
opposing electrode 17, a first opposing voltage having a
predetermined value for generating between the first oppos-
ing electrode 17 and the pixel electrodes 5, an electric field
corresponding to the data voltage. Further, the liquid crystal
display device 1 selectively applies, to the second opposing
electrode 18, the first opposing voltage and the second
opposing voltage which is for generating, between the
second opposing electrode 18 and the pixel electrode 5, the
oblique electric field E2, by which the liquid crystal mol-
ecules of the liquid crystal layer 2 are aligned in an align-
ment state which makes the display seem black when seen
from the direction of the oblique electric field E2. Thereby,
the liquid crystal display device 1 can selectively perform
wide view angle display and narrow view angle display
solely by itself.

[0084] That is, the liquid crystal display device 1 performs
wide view angle display and narrow view angle display by
constantly applying the first opposing voltage V., to the
first opposing electrode 17 of the first and second opposing
electrodes 17 and 18, and selectively applying the first
opposing voltage V__, and the second opposing voltage
V__ to the second opposing electrode 18.

[0085] When the first opposing voltage V_ ., is applied to
both the first and second opposing electrodes 17 and 18, the
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vertical electric field E1 and oblique electric field E2 both
having an intensity corresponding to the data voltage V, are
generated between the first and second opposing electrodes
17 and 18 and the pixel electrodes 5. Accordingly, the liquid
crystal molecules of the liquid crystal layer 2 that exist in the
regions in which the pixel electrodes 5 face the first and
second opposing electrodes 17 and 18 (i.e., the regions that
include the regions defining the pixels plus the regions in
which the pixel electrodes 5 face the second opposing
electrode 18) behave in accordance with the electric fields
E1 and E2 and are controlled to a brightness corresponding
to the image data. Therefore, a display image corresponding
to the image data can be observed from the front forward
direction (the direction of the normal line of the substrates
3 and 4) of the liquid crystal display device 1, and from an
oblique direction (a direction inclined from the normal line
of the substrates 3 and 4), which means that a wide view
angle display is obtained.

[0086] On the other hand, when the first opposing voltage
V.1 18 applied to the first opposing electrode 17 and the
second opposing voltage V_ ., is applied to the second
opposing electrode 18, the vertical electric field E1 having
an intensity corresponding to the data voltage V is gener-
ated between the first opposing electrode 17 and the pixel
electrodes 5 (pixels), and the oblique electric field E2 having
a strong intensity corresponding to the difference between
the value Vs of the data voltage V, and the value V., of the
second opposing voltage V.., is generated between the
second opposing electrode 18 and the pixel electrodes 5.
Accordingly, the pixels have the liquid crystal molecules in
their regions behave in accordance with the electric field E1
to be controlled to a brightness corresponding to the image
data, and the regions adjoining both sides of each pixel in the
row direction have the liquid crystal molecules behave in
accordance with the strong oblique electric field E2 to be
substantially fixed to a predetermined oblique alignment
state to substantially block the transmission of an obliquely
entering light. Accordingly, a display image made by a light
transmitted through the pixels is observed from the front
forward direction of the liquid crystal display device 1, and
a black image resulting from the light block by the regions
adjoining both side of each pixel in the row direction is
observed from an oblique direction, thereby producing nar-
row view angle display.

[0087] Tt is preferred that the second opposing voltage
V__ besetto avoltage value which can generate the oblique
electric field E2 having an intensity equal to or higher than
a saturation electric field by which most of the liquid crystal
molecules in the regions in which the oblique electric field
is generated are aligned so as to make the longer axis of the
molecules parallel with the direction of the applied electric
field. By setting the second opposing voltage V___ ., to such
a voltage value, it is possible to further blacken the display
seen from the direction of the oblique electric field E when
the second opposing voltage V. is applied to the second
opposing electrode 18.

[0088] Further, the liquid crystal display device 1 has the
first opposing electrode 17 oppose to the plurality of pixel
electrodes 5 and the second opposing electrode 18 oppose to
the regions between adjoining pixel electrodes 5. Therefore,
in case of wide view angle display, such pixels are formed
as having an area whose width running in the direction
perpendicular to the pixel electrode columns is equal to the
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distance between the center lines of two regions each
between the pixel electrode columns and adjoining each
other via one pixel electrode column. Accordingly, a suffi-
ciently high aperture ratio can be achieved.

[0089] Further, the liquid crystal display device 1 has the
first opposing electrode 17 formed into a pectinate shape
comprising the plurality of stripe-shaped electrode portions
17b opposing to the plurality of pixel electrode columns
respectively and the wiring portion 17a which binds one end
of the respective electrode portions 175 at the outside of one
end of the pixel electrode columns, and has the second
opposing electrode 18 formed into a pectinate shape com-
prising the plurality of stripe-shaped electrode portions 185
opposing to the regions between the plurality of pixel
electrode columns respectively and the wiring portion 18a
which binds one end of the respective electrode portions 185
at the outside of the other end of the pixel electrode columns.
Therefore, it is possible to apply the first opposing voltage
V.om: Simultaneously to the entire first opposing electrode
17 opposing to the plurality of pixel electrode columns
respectively, and selectively apply the first opposing voltage
V.om; OF the second opposing voltage V., simultaneously
to the entire second opposing electrode 18 opposing to the
regions between the plurality of pixel electrode columns.

[0090] Further, the liquid crystal display device 1 com-
prises the stripe-shaped color filters 19R, 19G, and 19B of
three colors of red, green, and blue, which each have a width
defined by one side edge of each filter that opposes to the
center line of one of two regions between the pixel electrode
columns which adjoin each other via one pixel electrode
column, and by the other side edge of each filter that opposes
to the center line of the other of the two regions between the
pixel electrode columns. Therefore, it is possible to obtain
the display by the respective pixels in case of wide view
angle display and also the display by the respective pixels in
case of narrow view angle display, as display pigmented in
the colors of the color filters 19R, 19G, and 19B correspond-
ing to the respective pixels over the entire region of the
respective pixels, and thereby to obtain a color image having
an excellent color quality both in case of wide view angle
display and in case of narrow view angle display.

[0091] The liquid crystal display apparatus comprises the
liquid crystal display device 1, and the display driver 23
which applies the data voltage V, corresponding to image
data to the respective plurality of pixel electrodes 5 of the
liquid crystal display device 1, applies to the first opposing
electrode 17 of the first and second opposing electrodes 17
and 18 of the liquid crystal display device 1, the first
opposing voltage V__ , having a predetermined value for
generating, between the first opposing electrode 17 and the
pixel electrodes 5, the vertical electric field E1 correspond-
ing to the data voltage V,, and applies to the second
opposing electrode 18, selectively the first opposing voltage
V.om: and the second opposing voltage V., for generat-
ing, between the second opposing electrode 18 and the pixel
electrodes 5, the oblique electric field E2 which aligns the
liquid crystal molecules of the liquid crystal layer 2 in an
alignment state which makes the display as seen from the
direction of the oblique electric field E2 seem substantially
black. Accordingly, it is possible to make the liquid crystal
display device 1 perform wide view angle display and
narrow view angle display, thereby obtain a changeable view
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angle type liquid crystal display apparatus by using one
liquid crystal device having a simple structure.

[0092] Further, the liquid crystal display apparatus makes
the display driver 23 set the second opposing voltage V___,,
which is to be applied to the second opposing electrode 18
of the liquid crystal display device 1, to such a voltage
whose polarity with respect to the data voltage V, is the
same as that of the first opposing voltage V__,.,, and whose
voltage value V-, has an absolute value which is sufficiently
larger than that of the value V., of the first opposing voltage
V.omi- Therefore, the liquid crystal display apparatus can
apply, between the pixel electrodes 5 and the second oppos-
ing electrode 18, the oblique electric field E2 which aligns
the liquid crystal molecules in an alignment state which
make the display as seen from the direction of the oblique
electric field E2 seem substantially black, and can therefore
make the liquid crystal display device 1 perform narrow
view angle display which does not allow the display image
to be observed from the direction of the oblique electric field
E2.

[0093] The liquid crystal display device 1 according to the
above-described first embodiment is provided, on the inner
surface of the opposing substrate 4, with the color filters
19R, 19G, and 19B of three colors of red, green, and blue
which correspond to the plurality of pixel electrode columns
respectively, and which each have a width defined by one
side edge of each filter that opposes to the center line of one
of two regions between the pixel electrode columns which
adjoin each other via one pixel electrode column, and by the
other side edge of each filter that opposes to the center line
of the other of the two regions between the pixel electrode
columns. However, the color filters 19R, 19G, and 19B may
be formed into other shapes.

[0094] FIG. 7 shows the relationship among the plurality
of pixel electrodes 5, the first and second opposing elec-
trodes 17 and 18 and the color filters 19R, 19G, and 19B,
according to a second embodiment of the present invention.

[0095] According to the second embodiment, stripe-
shaped color filters 19R, 19G, and 19B of three colors of red,
green, and blue are formed on the inner surface of one of the
pair of substrates 3 and 4, for example, the opposing
substrate 4, such that the filters respectively correspond to a
plurality of pixel electrode rows constituted by pixel elec-
trode groups arranged in a direction perpendicular to the
pixel electrode columns and have a length corresponding to
the total length of the respective pixel electrode rows.
According to this embodiment too, it is possible to display
a color image having an excellent color quality both in case
of wide view angle display and in case of narrow view angle
display.

[0096] FIG. 8 shows the relationship among the plurality
of pixel electrodes 5, the first and second opposing elec-
trodes 17 and 18, and the color filters 19R, 19G, and 19B,
according to a third embodiment of the present invention.

[0097] According to the third embodiment, dot-shaped
color filters 19R, 19G, and 19B of three colors of red, green,
and blue which each have a width defined by one side edge
of each filter that opposes to the center line of one of two
regions between the pixel electrode columns which adjoin
each other via one pixel electrode column, and by the other
side edge of each filter that opposes to the center line of the
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other of the two regions between the pixel electrode col-
umns, are formed on the inner surface of one of the pair of
substrates 3 and 4, for example, the opposing substrate 4,
such that the filters of the three kinds are arranged alternately
in a mosaic pattern both in the direction of the pixel
electrode columns and in the direction perpendicular to that
direction, in order for the dot-shaped filters to correspond
respectively to the pixel electrodes 5 included in each of the
plurality of pixel electrode columns. According to this
embodiment too, it is possible to display a color image
having an excellent color quality both in case of wide view
angle display and in case of narrow view angle display.

[0098] Further, the liquid crystal display device 1 accord-
ing to the above-described embodiments performs display of
normally white mode. However, the present invention can be
applied to a liquid crystal display device which performs
display of normally black mode. Also in this case, by
applying the second opposing voltage V__ . having the
same polarity as that of the first opposing voltage V..,
which is reverse to the polarity of the data voltage V,; and
having a voltage value V., sufficiently larger than the
voltage value V., of the first opposing voltage V., to the
second opposing electrode 18, it is possible to align the
liquid crystal molecules in the regions adjoining the respec-
tive pixels in an alignment state which makes the display as
seen from the direction of the oblique electric field E2 seem
substantially white, and to perform narrow view angle
display by making the full screen substantially white when
seen from the direction of the oblique electric field E2.

[0099] Further, the liquid crystal display device 1 accord-
ing to the above-described embodiments sets the second
opposing voltage V.., to have a polarity reverse to that of
the data voltage V, applied to the pixel electrodes 5 and have
a voltage value V-, whose absolute value is sufficiently
larger than the absolute value of the voltage value V., ofthe
first opposing voltage V.., , by means of the display driver
23. However, the voltage value V., of the second opposing
voltage V.., may be the same as the voltage value Vs of the
data voltage V.. In this case, a liquid crystal display device
of a normally white mode can perform narrow view angle
display by which the full screen becomes substantially white
when seen from the direction of the oblique electric field E2,
and a liquid crystal display device of a normally black mode
can perform narrow view angle display by which narrow
view angle display by which the full screen becomes sub-
stantially black when seen from the direction of the oblique
electric field E2.

[0100] The liquid crystal display apparatus according to
the above-described embodiments uses, as the liquid crystal
display device 1, a color image display device comprising
the color filters 19R, 19G, and 19B of three colors of red,
green, and blue, which correspond to the plurality of pixels
respectively. However, the present invention can be applied
to a field sequential liquid crystal display apparatus that uses
a liquid crystal display device comprising no color filters.

[0101] Various embodiments and changes may be made
thereunto without departing from the broad spirit and scope
of the invention. The above-described embodiments are
intended to illustrate the present invention, not to limit the
scope of the present invention. The scope of the present
invention is shown by the attached claims rather than the
embodiments. Various modifications made within the mean-
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ing of an equivalent of the claims of the invention and within
the claims are to be regarded to be in the scope of the present
invention.

[0102] This application is based on Japanese Patent Appli-
cation No. 2005-247726 filed on Aug. 29, 2005 and includ-
ing specification, claims, drawings and summary. The dis-
closure of the above Japanese Patent Application is
incorporated herein by reference in its entirety.

What is claimed is:
1. A liquid crystal display device, comprising:

a pair of substrates facing each other via a liquid crystal
layer;

a plurality of pixel electrodes arranged in a matrix on an
inner surface of one substrate, of facing inner surfaces
of the pair of substrates;

a plurality of thin film transistors which are arranged on
the inner surface of the one substrate correspondingly
to the plurality of pixel electrodes respectively, and to
each of which a corresponding one of the plurality of
pixel electrode, a gate line to which a gate signal is
supplied, and a data line to which a data signal corre-
sponding to image data is supplied are connected,

a first opposing electrode provided on the inner surface of
the other substrate, for generating, between itself and
the plurality of pixel electrodes respectively, a vertical
electric field in a direction substantially parallel with a
direction of a normal line of the substrates; and

a second opposing electrode provided on the inner surface
of the other substrate, for generating, between itself and
the plurality of pixel electrodes respectively, an oblique
electric field in a direction inclined obliquely from the
direction of the normal line of the substrates.

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

wherein: the first opposing electrode is arranged so as to
oppose to the plurality of pixel electrodes respectively;
and

the second opposing electrode is arranged so as to oppose
to regions between adjoining pixel electrodes respec-
tively.

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

wherein: the first opposing electrode is formed so as to
oppose to a plurality of pixel electrode columns respec-
tively, which each include pixel electrodes arranged in
a column direction, of the plurality of pixel electrodes
arranged in a matrix of a row direction and the column
direction; and

the second opposing electrode is formed so as to oppose
to regions between the plurality of pixel electrode
columns respectively.

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

wherein: the first opposing electrode is formed into a
pectinate shape comprising a plurality of stripe-shaped
electrode portions opposing to the plurality of pixel
electrode columns respectively over an entire length of
the columns, and a wiring portion which binds one end
of the respective electrode portions at an outside of one
end of the pixel electrode columns;
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the second opposing electrode is formed into a pectinate
shape comprising a plurality of stripe-shaped electrode
portions opposing to the regions between the plurality
of pixel electrode columns respectively over an entire
length of the regions, and a wiring portion which binds
one end of the respective electrode portions at an
outside of the other end of the pixel electrode columns.
5. The liquid crystal display device according to claim 3,

wherein: the first opposing electrode is formed to have a
width smaller than a width of the pixel electrodes
opposing thereto respectively; and

the second opposing electrode is formed to have a width
substantially same as an interval between the plurality
of pixel electrode columns.
6. The liquid crystal display device according to claim 1,
further comprising

stripe-shaped color filters having three colors of red,
green, and blue, which are formed on the inner surface
of the other substrate of the pair of substrates, such that
the color filters respectively correspond to a plurality of
pixel electrode columns each including pixel electrodes
arranged in a column direction, of the plurality of pixel
electrodes arranged in a matrix of a row direction and
the column direction, and such that the color filters
have a width defined by one side edge of each filter that
opposes to a center line of one of two regions between
the pixel electrode columns which adjoin each other via
one pixel electrode column, and by the other side edge
of each filter that opposes to a center line of the other
of the two regions between the pixel electrode columns.
7. The liquid crystal display device according to claim 1,
further comprising

stripe-shaped color filters having three colors of red,
green, and blue, which are formed on the inner surface
of the other substrate of the pair of substrates, such that
the color filters respectively correspond to a plurality of
pixel electrode rows each including pixel electrodes
arranged in a row direction, of the plurality of pixel
electrodes arranged in a matrix of the row direction and
a column direction, and such that the color filters have
a length extending over an entire length of the pixel
electrode rows.

8. The liquid crystal display deice according to claim 1,

farther comprising

dot-shaped color filters having three colors of red, green,
and blue, which are formed on the inner surface of the
other substrate of the pair of substrates, such that the
color filters respectively correspond to the pixel elec-
trodes included in a plurality of pixel electrode columns
each including pixel electrodes arranged in a column
direction, of the plurality of pixel electrodes arranged
in a matrix of a row direction and the column direction,
and such that the color filters have a width defined by
one side edge of each filter that opposes to a center line
of one of two regions between the pixel electrode
columns which adjoin each other via one pixel elec-
trode column, and by the other side edge of each filter
that opposes to a center line of the other of the two
regions between the pixel electrode columus.

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

further comprising
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a pair of polarizing plates, which are disposed at external
sides of the pair of substrates respectively, and whose
transmission axes are arranged so as to constitute a
liquid crystal display device of a normally white mode
which allows light transmission when no electric field
is applied between the plurality of pixel electrodes and
the first opposing electrode.

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

further comprising

a pair of polarizing plates, which are disposed at external
sides of the pair of substrate respectively, and whose
transmission axes are arranged so as to constitute a
liquid crystal display device of a normally black mode
which substantially blocks light when no electric field
is applied between the plurality of pixel electrodes and
the first opposing electrode.

11. A liquid crystal display apparatus, comprising:

a liquid crystal display device comprising

a pair of substrates facing each other via a liquid crystal
layer,

a plurality of pixel electrodes arranged in a matrix on
an inner surface of one substrate, of facing inner
surfaces of the pair of substrates,

aplurality of thin film transistors which are arranged on
the inner surface of the one substrate correspond-
ingly to the plurality of pixel electrodes respectively,
and to each of which a corresponding one of the
plurality of pixel electrode, a gate line to which a
gate signal is supplied, and a data line to which a data
signal corresponding to image data is supplied are
connected,

a first opposing electrode provided on the inner surface
of the other substrate, for generating, between itself
and the plurality of pixel electrodes respectively, a
vertical electric field in a direction substantially
parallel with a direction of a normal line of the
substrates, and

a second opposing electrode provided on the inner
surface of the other substrate, for generating,
between itself and the plurality of pixel electrodes
respectively, an oblique electric field in a direction
inclined obliquely from the direction of the normal
line of the substrate; and

a display driver which applies a vertical electric field
corresponding to the image data to the liquid crystal
layer in pixel regions defined by regions in which the
plurality of pixel electrodes and the first opposing
electrode of the liquid crystal display device oppose to
each other, and applies an oblique electric field between
the plurality of pixel electrodes and the second oppos-
ing electrode, for aligning liquid crystal molecules of
the liquid crystal layer in regions adjoining the pixel
regions at a predetermined tilt.

12. The liquid crystal display apparatus according to

claim 11,

wherein: the first opposing electrode is formed such that
the first opposing electrode opposes to a plurality of
pixel electrode groups respectively, each of which
includes pixel electrodes arranged in one of row and
column directions, of the plurality of pixel electrodes
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arranged in a matrix of the row and column directions,
and such that the first opposing electrode has a width
smaller than a width of the pixel electrodes opposing
thereto respectively; and

the second opposing electrode is formed so as to oppose

to regions between the plurality of pixel electrode
groups arranged in the one direction respectively.
13. The liquid crystal display apparatus according to

claim 11,

wherein the display driver applies a data voltage corre-

sponding to image data to the plurality of pixel elec-
trodes respectively, applies a first opposing voltage
having a predetermined value for generating, between
the first opposing electrode and the pixel electrodes, an
electric field corresponding to the data voltage to the
first opposing electrode, and selectively applies a sec-
ond opposing voltage having a polarity same as that of
the first opposing voltage and an absolute value larger
than that of the first opposing voltage to the second
opposing electrode.

14. The liquid crystal display apparatus according to

claim 11,

wherein the display driver applies a data voltage corre-

sponding to image data to the plurality of pixel elec-
trodes respectively, applies a first opposing voltage
having a predetermined value for generating, between
the first opposing electrode and the pixel electrodes, an
electric field corresponding to the data voltage to the
first opposing electrode, and selectively applies, to the
second opposing electrode, one of the first opposing
voltage and a second opposing voltage which has a
polarity same as that of the first opposing voltage and
an absolute value larger than that of the first opposing
voltage and which is for substantially blocking light
transmission through the regions adjoining the pixel
regions.
15. A liquid crystal display apparatus, comprising:

a liquid crystal display device comprising

a pair of substrates facing each other via a liquid crystal
layer,

a plurality of pixel electrodes arranged in a matrix on
an inner surface of one substrate, of facing inner
surfaces of the pair of substrates,

a plurality of thin film transistors which are arranged on
the inner surface of the one substrate correspond-
ingly to the plurality of pixel electrodes respectively,
and to each of which a corresponding one of the
plurality of pixel electrode, a gate line to which a
gate signal is supplied, and a data line to which a data
signal corresponding to image data is supplied are
connected, a first opposing electrode provided on the
inner surface of the other substrate,

for generating, between itself and the plurality of pixel
electrodes respectively, a vertical electric field in a
direction substantially parallel with a direction of a
normal line of the substrates, and

a second opposing electrode provided on the inner
surface of the other substrate, for generating,
between itself and the plurality of pixel electrodes
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respectively, an oblique electric field in a direction
inclined obliquely from the direction of the normal
line of the substrate; and

a display driver which applies a data voltage for gener-
ating an electric field corresponding to the data signal
between the plurality of pixel electrodes and the first
opposing electrode, and selectively applies, between
the pixel electrodes and the second opposing electrode,
a view angle control voltage for generating an electric
field for aligning liquid crystal molecules of the liquid
crystal layer in an alignment state which makes a
display as seen from an oblique direction seem sub-
stantially black or white.

16. The liquid crystal display apparatus according to
claim 15, wherein the display driver applies a data voltage
corresponding to image data to the plurality of pixel elec-
trodes respectively, applies a first opposing voltage having a
predetermined value for generating, between the first oppos-
ing electrode and the pixel electrodes, an electric field
corresponding to the data voltage to the first opposing
electrode, and applies a second opposing voltage whose
polarity with respect to the data voltage is same as that of the
first opposing voltage and whose absolute value is suffi-
ciently larger than that of the first opposing voltage to the
second opposing electrode.

17. The liquid crystal display apparatus according to
claim 15,

wherein the display driver applies a data voltage corre-
sponding to image data to the plurality of pixel elec-
trodes respectively, applies a first opposing voltage
having a predetermined value for generating, between
the first opposing electrode and the pixel electrodes, an
electric field corresponding to the data voltage to the
first opposing electrode, and applies a second opposing
voltage which is the same voltage as the data voltage to
the second opposing electrode.

18. The liquid crystal display apparatus according to

claim 15,
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wherein the display driver applies a data voltage corre-
sponding to image data to the plurality of pixel elec-
trodes respectively, applies a first opposing voltage
having a predetermined value for generating, between
the first opposing electrode and the pixel electrodes, an
electric field corresponding to the data voltage to the
first opposing electrode, and selectively applies the first
opposing voltage and a second opposing voltage hav-
ing a polarity same as that of the first opposing voltage
and an absolute value larger than that of the first
opposing voltage to the second opposing electrode.

19. The liquid crystal display apparatus according to

claim 15,

wherein: the liquid crystal display apparatus can select
voltages to apply, in response to designation to wide
view angle display or designation to narrow view angle
display;

the display driver applies the data voltage between the
plurality of pixel electrodes, and the first opposing
electrode and the second opposing electrode in
response to designation to the wide view angle display;
and

the display driver applies a data voltage corresponding to
image data between the plurality of pixel electrodes and
the first opposing electrode, and applies a view angle
control voltage between the plurality of pixel electrodes
and the second opposing electrode, in response to
display of the narrow view angle display.

20. The liquid crystal display apparatus according to

claim 15,

wherein the view angle control voltage is a voltage which
has a polarity same as that of the data voltage and an
absolute value sufficiently larger than that of the data
voltage.



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
11 AR

H e 2 FF 30k
ShEREESE

BEX)

3 —

patsnap

ARAAERNENAERZATERENRRERKENEACHRBEREKE

US20070046881A1 [ (rE)B 2007-03-01
US11/511987 FER 2006-08-29
FEKITENKN &4

CASIO COMPUTER CO. , LTD

CASIO COMPUTER CO. , LTD.

TAKEI JIRO

TAKEI JIRO

GO02F1/1343

GO02F1/1323 G02F2201/122 G02F2201/121 G02F1/134336

2005247726 2005-08-29 JP

US7834833

Espacenet USPTO

BLUERHRIIN SN GRBIR , 23 ERIGEBRG
ZANTFT , URAEEXH — X EARE — PN ERK A RE £ 2 RAMMRE
MHEEBUBIRRE. F-HANER, ATEEBSNSMRESD

w0 6 |7] sl ez ||

B2AFRSEROELSOFGHRESS  ARBTERASNS | 7 /‘( DA VAY R AArE AN
MeEERZARRNE AN ER £ - REOAREEERMN T AV ALY A AL NA AL
SEL S BHARHAA KR 5 . SRR T
e ettt | DISPLAY
\ f\ [\ k ,§ ~ZTAEEEIT A | DRVRR
Fb""'//l r!/ = n?mﬂ



https://share-analytics.zhihuiya.com/view/d3f40b4f-59e0-44b5-9a84-bbec35ad6e0e
https://worldwide.espacenet.com/patent/search/family/037803579/publication/US2007046881A1?q=US2007046881A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070046881%22.PGNR.&OS=DN/20070046881&RS=DN/20070046881

