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7) ABSTRACT

A liquid crystal display device includes a plurality of pixels
each including a liquid crystal element of VA mode and a
drive section. The drive section space-divisionally or time-
divisionally performs a display drive operation so that the
operation includes first and second divisional-drive operation
groups. The drive section performs an operation in the first or
second divisional-drive operation group, or both thereof. In
the former, the output voltage exceeds the input voltage in the
intermediate luminance range, whereas in a highlight lumi-
nance range, exceeds the input voltage but shows a tendency
to be lower compared to in the intermediate luminance range.
In the latter, the output voltage is lower than the input voltage
in the intermediate luminance range, whereas in a lowermost
luminance range, equal to or lower than the input voltage but
shows a tendency to be higher compared to in the intermedi-
ate luminance range.

10 Claims, 10 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE WITH
DIVISIONAL-DRIVE OPERATION

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application is a national phase entry under 35
U.S.C. § 371 of International Application No. PCT/TP2009/
061184 filed Jun. 19, 2009, published on Dec. 30, 2009 as
WO 2009/157380 A1, which claims priority from Japanese
Patent Application No. JP 2008-167535 filed in the Japanese
Patent Office on Jun. 26, 2008.

TECHNICAL FIELD

The present invention relates to a liquid crystal display
device configured by a liquid crystal of a Vertical Alignment
(VA) mode.

BACKGROUND ART

In recent years, for use as a display monitor of a liquid
crystal television, a notebook personal computer, a car navi-
gation system, and others, proposed is a liquid crystal display
device adopting the VA (Vertical Alignment) mode using a
vertically-aligned liquid crystal, for example. In this VA
mode, the liquid crystal molecules are each with the negative
dielectric anisotropy, that is, the molecules have the propet-
ties in which the dielectric constant in the long-axis direction
thereof is lower than that in the short-axis direction thereof,
thereby realizing the viewing angle wider than that with the
TN (Twisted Nematic) mode.

The issue here is that such a liquid crystal display device
using the VA-mode liquid crystal causes a problem of varying
the luminance between when the display screen is viewed
from the front direction and when it is viewed from the
diagonal direction. FIG. 14 is a diagram showing the relation-
ship between, in the liquid crystal display device using the
VA-mode liquid crystal, the gray-scale (0 to 255 gray-scale
levels) of a video signal and the luminance ratio (ratio to the
luminance with the 255 gray-scale levels). As indicated by an
arrow P101 in the drawing, the luminance characteristics
show a large difference (show a variation toward a higher
level of luminance) between when the display screen is
viewed from the front direction))(Ys(0°)) and when it is
viewed from the 45-degree direction (Ys(45°)). Such a phe-
nomenon is referred to as “Shiratchake”, namely, “Wash out”,
“Color Shift”, and others, and is regarded as the major draw-
back of the liquid crystal display device using the VA-mode
liquid crystal.

In consideration thereof, as measures to reduce the extent
of such a phenomenon of “Wash out”, proposed is the one
(multi-pixel structure) with which a unit pixel is divided into
a plurality of sub pixels, and the resulting sub pixels are each
changed in threshold value (examples include Patent Litera-
tures 1 to 3). The multi-pixel structure described in such
Patent Literatures 1 to 3 is called HT (Halftone Gray-scale)
technique based on capacity coupling, and any potential dif-
ference between two sub pixels is determined by the ratio of
capacity.

FIG. 15 is a diagram showing an exemplary relationship
between, in the multi-pixel structure, the gray-scale of avideo
signal and the display state of each of the sub pixels. The
drawing shows that, in the process of a change of gray-scale
level (an increase of luminance) from 0 (state of black dis-
play)to 255 (state of white display), first ofall, a part (one sub
pixel) of the pixel is increased in luminance, and then the
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remaining part (the other sub pixel) of the pixel is increased in
luminance. With such a multi-pixel structure, as indicated by
an arrow P102 in FIG. 14, for example, the extent of the
phenomenon of “Wash out” is reduced with the luminance
characteristics in the direction of 45° in the multi-pixel struc-
ture (Ym(45°)) compared with the luminance characteristics
in the direction of 45° in the normal pixel structure (Ys(45°)).

Herein, not only in such a multi-pixel structure but also in
the normal pixel structure, the extent of the phenomenon of
“Wash out” is known to be reduced with the effects of half-
tone similarly to the case with the multi-pixel structure by
dividing temporally a unit frame of display driving into a
plurality of (e.g., two) sub frames, and also by representing
any desired level of luminance with a combination of a sub
frame(s) of high level of luminance and a sub frame(s) of low
level of luminance.

CITATION LIST
Patent Literatures

Patent Literature 1: Japanese Unexamined Patent Publica-
tion No. 2-12

Patent Literature 2: Specification of U.S. Pat. No. 4,840,
460

Patent Literature 3: Specification of Japanese Patent No.
3076938

SUMMARY OF THE INVENTION

The issue here is that such a halftone technique has the
problem of easily causing the phenomenon as below. That is,
first of all, as to a voltage to be applied to liquid crystal
elements (liquid crystal application voltage), for transition
thereof from low (e.g., gray-scale level of O/gray-scale level
of 255) to high (e.g., gray-scale level of 255/gray-scale level
of 255), the halftone technique causes a steep increase of the
voltage compared with the case of not using the technique. As
a result, the luminance does not reach any desired value of
voltage (value of luminance), thereby adversely affecting the
response time of the liquid crystal. Such a phenomenon is
called “variation of azimuth angle of liquid crystal”, and is
resulted from the abrupt application of a high voltage to the
liquid crystal that has been in the state of low voltage appli-
cation. Due to the voltage application as such, the liquid
crystal elements are once randomly oriented at various azi-
muth angles, and then are all aligned at any one desired
azimuth angle.

As another technique of improving the halftone response
speed in the liquid crystal display device, overdriving is
exemplified. This overdriving also causes a steep increase of
the liquid crystal application voltage from low to high com-
pared with the case of not using the halftone technique, and
thus the response speed of the liquid crystal is indeed
improved but a phenomenon called “rebounding” is easily
occurred if the voltage of an original gray-scale value is
applied to the liquid crystal after the completion of overdriv-
ing. This is because, due to the short-time application of a
high voltage to the liquid crystal element by overdriving
starting from the gray-scale level of 0 when the liquid crystal
elements are in the vertical state, the liquid crystal elements in
a part of the pixels are oriented differently but not those in the
remaining part of the pixels.

With the above halftone technique as such, the viewing
angle characteristics are indeed increased in terms of lumi-
nance but the phenomenon of variation of azimuth angle of
liquid crystal or the phenomenon of rebounding is easily
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occurred. There thus have been problems of reducing the
display characteristics of moving images, and degrading the
display image quality.

The present invention is proposed in consideration of the
problems as above, and an object thereof is to provide a liquid
crystal display device using a VA-mode liquid crystal with
which the viewing angle characteristics are improved in terms
of luminance, and at the same time, the display quality can be
improved better than that with a previous liquid crystal dis-
play device.

A first liquid crystal display device of the invention
includes a plurality of pixels arranged in a matrix as a whole,
and each provided with a liquid crystal element made of a
liquid crystal of a vertical alignment (VA) mode; and a drive
section driving the liquid crystal element of each of the pixels
for display through applying a voltage based on an input
video signal to the liquid crystal element, the drive section
performing a divisional-drive operation through space-divi-
sionally or time-divisionally dividing a display drive opera-
tion on each of the pixels into a plurality based on the input
video signal. Herein, the divisional-drive operation is config-
ured of a first divisional-drive operation group and a second
divisional-drive operation group, the first divisional-drive
operation group allowing a liquid crystal application voltage
to be set into a higher-side voltage which is equal to or higher
than an input application voltage, and a second divisional-
drive operation group allowing the liquid crystal application
voltage to be set into a lower-side voltage which is equal to or
lower than the input application voltage, the liquid crystal
application voltage representing a voltage to be applied to the
liquid crystal elements, the input application voltage repre-
senting a voltage which corresponds to the input video signal.
Moreover, the drive section performs a divisional-drive
operation belonging to the first divisional-drive operation
group in such a manner that, the liquid crystal application
voltage is higher than the input application voltage at least in
an intermediate luminance range, whereas the liquid crystal
application voltage is, in a highlight luminance range, equal
to or higher than the input application voltage but shows a
tendency to be lower compared to that in the intermediate
luminance range. Also, the drive section performs a divi-
sional-drive operation belonging to the second divisional-
drive operation group in such a manner that, the liquid crystal
application voltage is lower than the input application voltage
at least in the intermediate luminance range, whereas the
liquid crystal application voltage is, in a lowermost lumi-
nance range, equal to or lower than the input application
voltage but shows a tendency to be higher compared to that in
the intermediate luminance range.

With the first liquid crystal display device of the invention,
for the operation to drive for display the liquid crystal element
in each of the pixels made of a VA-mode liquid crystal, based
on the video signal, the drive operation for execution to each
of the pixels is space-divisionally or time-divisionally
divided into a plurality to perform an operation of multiplex
driving. Therefore, compared with the case of not performing
such an operation of multiplex driving, any change (change
from the case when the display screen is viewed in the front
direction) to the gamma characteristics (characteristics show-
ing the relationship between the gray-scale level of luminance
of the video signal and the luminance) becomes less obvious
when the display screen is viewed in the diagonal direction.
Further, for the operation in the first operation group of mul-
tiplex driving described above, in the highlight luminance
range, the liquid crystal application voltage takes a higher-
side voltage being equal to or higher than the input applica-
tion voltage, and at the same time, shows a tendency to be
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4

lower compared to that in the intermediate luminance range.
Therefore, compared with a previous operation of multiplex
driving with which no such tendency to be low in voltage is
observed in the highlight luminance range, the liquid crystal
application voltage is prevented from abruptly increasing
during voltage transition from low to high. Also for the opera-
tion in the second operation group of multiplex driving
described above, in the lowermost luminance range, the lig-
uid crystal application voltage takes a lower-side voltage
being equal to or lower than the input application voltage, and
at the same time, shows a tendency to be higher compared to
that in the intermediate luminance range. Therefore, com-
pared with the previous operation of multiplex driving with
which no such tendency to be high in voltage is observed in
the lowermost luminance range, during overdriving, for
example, the liquid crystal application voltage is prevented
from abruptly increasing from low to high.

A second liquid crystal display device of the invention
includes the plurality of pixels described above, and a drive
section driving the liquid crystal element of each of the pixels
for display through applying a voltage based on an input
video signal to the liquid crystal element, the drive section
performing a divisional-drive operation through space-divi-
sionally or time-divisionally dividing a display drive opera-
tion on each of the pixels into a plurality based on the input
video signal. The divisional-drive operation is configured of
the first divisional-drive operation group and the second divi-
sional-drive operation group. The drive section performs a
divisional-drive operation belonging to the first divisional-
drive operation group in such a manner that, the liquid crystal
application voltage is higher than the input application volt-
age at least in an intermediate luminance range, whereas the
liquid crystal application voltage is, in a highlight luminance
range, equal to or higher than the input application voltage but
shows a tendency to be lower compared to that in the inter-
mediate luminance range.

With the second liquid crystal display device of the inven-
tion, for the operation to drive for display the liquid crystal
element in each of the pixels made of a VA-mode liquid
crystal, based on the video signal, the drive operation for
execution to each of the pixels for display is spatially or
temporally divided into a plurality to perform an operation of
multiplex driving. Therefore, compared with the case of not
performing such an operation of multiplex driving, any
change to the gamma characteristics becomes less obvious
when the display screen is viewed in the diagonal direction.
Further, for the operation in the first operation group of mul-
tiplex driving described above, in the highlight luminance
range, the liquid crystal application voltage takes a higher-
side voltage being equal to or higher than the input applica-
tion voltage, and at the same time, shows a tendency to be
lower compared to that in the intermediate luminance range.
Therefore, compared with a previous operation of multiplex
driving with which no such tendency to be low in voltage is
observed in the highlight luminance range, the liquid crystal
application voltage is prevented from abruptly increasing
during voltage transition from low to high.

A third liquid crystal display device of the invention
includes the plurality of pixels described above, and a drive
section driving the liquid crystal element of each of the pixels
for display through applying a voltage based on an input
video signal to the liquid crystal element, the drive section
performing a divisional-drive operation through space-divi-
sionally or time-divisionally dividing a display drive opera-
tion on each of the pixels into a plurality based on the input
video signal. The divisional-drive operation is configured of
the first divisional-drive operation group and the second divi-
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sional-drive operation group. The drive section performs a
divisional-drive operation belonging to the second divisional-
drive operation group in such a manner that, the liquid crystal
application voltage is lower than the input application voltage
at least in the intermediate luminance range, whereas the
liquid crystal application voltage is, in a lowermost lumi-
nance range, equal to or lower than the input application
voltage but shows a tendency to be higher compared to that in
the intermediate luminance range.

With the third liquid crystal display device of the invention,
for the operation to drive for display the liquid crystal element
in each of the pixels made of a VA-mode liquid crystal, based
on the video signal, the drive operation for execution to each
of the pixels for display is spatially or temporally divided into
a plurality to perform an operation of multiplex driving.
Therefore, compared with the case of not performing such an
operation of multiplex driving, any change to the gamma
characteristics becomes less obvious when the display screen
is viewed in the diagonal direction. Further, for the operation
in the second operation group of multiplex driving described
above, in the lowermost luminance range, the liquid crystal
application voltage takes a lower-side voltage being equal to
or lower than the input application voltage, and at the same
time, shows a tendency to be higher compared to that in the
intermediate luminance range. Therefore, compared with a
previous operation of multiplex driving with which no such
tendency to be high in voltage is observed in the lowermost
luminance range, for overdriving, for example, the liquid
crystal application voltage is prevented from abruptly
increasing from low to high.

According to the first liquid crystal display device of the
invention, for the operation to drive for display the liquid
crystal element in each of the pixels made of a VA-mode
liquid crystal, the drive operation for execution to each of the
pixels for display is spatially or temporally divided into a
plurality to perform an operation of multiplex driving. There-
fore, compared with the case of not performing such an opera-
tion of multiplex driving, any change to the gamma charac-
teristics becomes less obvious when the display screen is
viewed in the diagonal direction so that the viewing angle
characteristics can be improved in terms of luminance. Fur-
ther, for the operation in the first operation group of multiplex
driving described above, in the highlight luminance range, the
liquid crystal application voltage takes a higher-side voltage
being equal to or higher than the input application voltage,
and at the same time, shows a tendency to be lower compared
to that in the intermediate luminance range. This thus can
prevent the liquid crystal application voltage from abruptly
increasing during voltage transition from low to high, thereby
being able to prevent the occurrence of the variation of azi-
muth angle of the liquid crystal compared with a previous
operation of multiplex driving. Moreover, for the operation in
the second operation group of multiplex driving described
above, in the lowermost luminance range, the liquid crystal
application voltage takes a lower-side voltage being equal to
or higher than the input application voltage, and at the same
time, shows a tendency to be lower compared to that in the
intermediate luminance range. Accordingly, for overdriving,
for example, this thus can prevent the liquid crystal applica-
tion voltage from abruptly increasing from low to high,
thereby being able to prevent the occurrence of the rebound-
ing compared with the previous operation of multiplex driv-
ing. Therefore, in such a liquid crystal display device using a
VA-mode liquid crystal, the viewing angle characteristics can
be improved in terms of luminance, and at the same time, the
display quality can be better than that in the previous liquid
crystal display device.
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According to the second liquid crystal display device of the
invention, for the operation to drive for display the liquid
crystal element in each of the pixels made of a VA-mode
liquid crystal, the drive operation for execution to each of the
pixels for display is spatially or temporally divided into a
plurality to perform an operation of multiplex driving. There-
fore, compared with the case of not performing such an opera-
tion of multiplex driving, any change to the gamma charac-
teristics becomes less obvious when the display screen is
viewed in the diagonal direction so that the viewing angle
characteristics can be improved in terms of luminance. Fur-
ther, for the operation in the first operation group of multiplex
driving described above, in the highlight luminance range, the
liquid crystal application voltage takes a higher-side voltage
being equal to or higher than the input application voltage,
and at the same time, shows a tendency to be lower compared
to that in the intermediate luminance range. This thus can
prevent the liquid crystal application voltage from abruptly
increasing during voltage transition from low to high, thereby
being able to prevent the occurrence of the variation of azi-
muth angle of the liquid crystal compared with a previous
operation of multiplex driving. Therefore, in such a liquid
crystal display device using a VA-mode liquid crystal, the
viewing angle characteristics can be improved in terms of
luminance, and at the same time, the display quality can be
better than that in the previous liquid crystal display device.

According to the third liquid crystal display device of the
invention, for the operation to drive for display the liquid
crystal element in each of the pixels made of a VA-mode
liquid crystal, the drive operation for execution to each of the
pixels for display is spatially or temporally divided into a
plurality to perform an operation of multiplex driving. There-
fore, compared with the case of not performing such an opera-
tion of multiplex driving, any change to the gamma charac-
teristics becomes less obvious when the display screen is
viewed in the diagonal direction so that the viewing angle
characteristics can be improved in terms of luminance. Fur-
ther, for the operation in the second operation group of mul-
tiplex driving described above, in the lowermost luminance
range, the liquid crystal application voltage takes a lower-side
voltage being equal to or lower than the input application
voltage, and at the same time, shows a tendency to be higher
compared to that in the intermediate luminance range.
Accordingly, for overdriving, for example, this thus can pre-
vent the liquid crystal application voltage from abruptly
increasing from low to high, thereby being able to prevent the
occurrence of the rebounding compared with the previous
operation of multiplex driving. Therefore, in such a liquid
crystal display device using a VA-mode liquid crystal, the
viewing angle characteristics can be improved in terms of
luminance, and at the same time, the display quality can be
better than that in the previous liquid crystal display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[FIG. 1] A block diagram showing the entire configuration
of aliquid crystal display device according to an embodiment
of the invention.

[FIG. 2] A circuit diagram of a pixel of FIG. 1, showing the
detailed configuration thereof.

[FIG. 3] A plan view of a pixel electrode in a liquid crystal
element of FIG. 3, showing the detailed configuration thereof

[FIG. 4] A characteristics diagram of an exemplary LUT
(Lookup Table) for use in a multi-pixel conversion section of
FIG. 1.

[FIG. 5] A characteristics diagram of an LUT according to
a comparison example.
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[FIG. 6] A characteristics diagram for illustrating a varia-
tion of azimuth angle of the liquid crystal.

[FIG. 7] A characteristics diagram for illustrating a phe-
nomenon of rebounding.

[FIG. 8] A characteristics diagram of an LUT according to
a modified example of the invention.

[FIG. 9] A characteristics diagram of an LUT according to
another modified example of the invention.

[FIG. 10] A circuit diagram of a pixel according to still
another modified example of the invention, showing the
detailed configuration thereof.

[FIG. 11] A block diagram showing the entire configura-
tion of a liquid crystal display device according to still
another modified example of the invention.

[FIG. 12] A circuit diagram of a pixel in still another
modified example of the invention, showing the detailed con-
figuration thereof.

[FIG. 13] A timing diagram for illustrating a sub frame
period during display driving in the modified example of FIG.
12.

[FIG. 14] A characteristics diagram showing an exemplary
relationship between, in a previous liquid crystal display
device, the gray-scale of a video signal and the luminance
ratio in the front direction of a liquid crystal display panel and
that in the 45-degree direction thereof.

[FIG. 15] A plan view showing an exemplary relationship
between, in a previous multi-pixel structure, the gray-scale of
a video signal and the display state of each sub pixel.

DESCRIPTION OF EMBODIMENTS

In the below, an embodiment of the invention is described
in detail by referring to the accompanying drawings.

FIG. 1 is a diagram showing the entire configuration of a
liquid crystal display device (liquid crystal display device 1)
in an embodiment of the invention. This liquid crystal display
device 1 includes a liquid crystal display panel 2, a backlight
section 3, an image processing section 41, a multi-pixel con-
version section 43, a reference voltage generation section 45,
a data driver 51, a gate driver 52, a timing control section 61,
and a backlight control section 63.

The backlight section 3 is a light source from which a light
is directed to the liquid crystal display panel 2, and is config-
ured by including a CCFL (Cold Cathode FluorescentLamp),
an LED (Light EmittingDiode), and others.

In response to adrive signal coming from the gate driver 52
that will be described later, the liquid crystal display panel 2
modulates the light coming from the backlight section 3
based on a drive voltage provided by the data driver 51 so that
the resulting video display is made based on a video signal
Din. The liquid crystal display panel 2 includes a plurality of
pixels 20 arranged in a matrix as a whole. The pixels 20 are
those each corresponding to any one of R (Red), G (Green),
and B (Blue) (pixels each emit a display light of R, G, or B
corresponding to the color of a color filter for R, G, or B
provided thereto (not shown)). The pixels 20 are each formed
therein with a pixel circuit including two sub pixels (sub
pixels 20A and 20B that will be described later). The con-
figuration of such pixel circuits will be described later in
detail (FIG. 2 and 3).

The image processing section 41 generates a video signal
D1 being an RGB signal by performing predetermined image
processing with respect to a video signal Din coming from the
outside.

The multi-pixel conversion section 43 converts, by using a
lookup table (LUT) that will be described later, the video
signal D1 coming from the image processing section 41 into
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two video signals D2a and D24 for use respectively by the sub
pixels (performs multi-pixel conversion), and supplies the
resulting video signals D2a and D25 to the timing control
section 61. This LUT provides the correlation between the
video signal D1 and the video signals respectively corre-
sponding to the sub pixels in terms of gray-scale level of
luminance. Such a correlation is provided on the basis of a
video signal of the pixel corresponding to any one of R, G, and
B. The LUT will be described in more detail later (FIG. 4).

The reference voltage generation section 45 supplies a
reference voltage Vref'to the data driver 51 foruse during D/A
(Digital/Analog) conversion that will be described later. To be
specific, this reference voltage Vref covers a range of refer-
ence voltages from black voltage (voltage with the gray-scale
level of 0 of Tuminance that will be described later) to white
voltage (e.g.. voltage with the gray-scale level of 255 of
luminance that will be described later). Also in this embodi-
ment, such a reference voltage Vref is shared by the pixels
each corresponding to any one of R, G, and B. Note here that
this reference voltage generation section 45 is in the resistor
tree structure or others in which a plurality of resistors are
connected in series, for example.

The gate driver 52 line-sequentially drives the pixels 20 in
the liquid crystal display panel 2 along scan lines that are not
shown (gate lines G that will be described later) in accordance
with timing control applied by the timing control section 61.

The data driver 51 supplies a drive voltage to each of the
pixels 20 (more in detail, to each of the sub pixels in each of
the pixels 20) of the liquid crystal display panel 2 based on the
video signals D2a and D25 coming from the timing control
section 61. To be specific, by performing D/A conversion to
the video signals D2a and D25 using the reference voltage
Vref provided by the reference voltage generation section 45,
this datadriver 51 is configured so as to generate video signals
each being an analog signal (drive voltage described above).
The resulting video signals are output to each of the pixels 20.

The backlight drive section 62 controls the illumination
operation of the backlight section 3. The timing control sec-
tion 61 controls the drive timing of the gate driver 52 and that
of the data driver 51, and supplies the video signals D2a and
D2b to the data driver 51.

By referring to FIGS. 2 and 3, described next in detail is the
configuration of the pixel circuit formed in each of the pixels
20. FIG. 2 shows an exemplary circuit configuration of the
pixel circuit in the pixel 20. FIG. 3 shows an exemplary
configuration in a planar view of a pixel electrode in a liquid
crystal element in the pixel circuit.

The pixel 20 is configured by the two sub pixels 20A and
20B, and is in the multi-pixel structure. The sub pixel 20A
includes a liquid crystal element 22A being a main capacitor,
an auxiliary capacitor 23A, and a thin film transistor (TFT)
element 21A. Similarly, the sub pixel 20B includes a liquid
crystal element 22B being a main capacitor, an auxiliary
capacitor 23B, and a TFT element 21B. The pixel 20 is con-
nected with a gate line G, two data lines DA and DB, and an
auxiliary capacity line Cs. The gate line G is for line-sequen-
tially selecting a pixel as a drive target, and the two data lines
DA and DB are for supplying the drive voltage (drive voltage
provided by the data driver 51) to each of the sub pixels 20A
and 20B in the pixel being the drive target. The auxiliary
capacity line Cs is a bus line for supplying a predetermined
reference potential to the opposing electrode side of the aux-
iliary capacitors 23 A and 23B.

The liquid crystal element 22 A serves as a display element
that operates for display (emits a display light) in accordance
with the drive voltage, which is provided to one end thereof
from the dataline DA via the TFT element 21A. Similarly, the
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liquid crystal element 22B serves as a display element that
operates for display (emits a display light) in accordance with
the drive voltage, which is provided to one end thereof from
the data line DB via the TFT element 21B. These liquid
crystal elements 22A and 22B are each configured to include
a liquid crystal layer (not shown) made of a VA-mode liquid
crystal, and a pair of electrodes (not shown) sandwiching this
liquid crystal layer therebetween. The side of one of (one end
of) these electrodes in pair (the side of reference numerals
P1A and P1B in FIG. 2) is connected with the source of each
of the TFT elements 21A and 21B, and with one end of each
of the auxiliary capacitors 23 A and 23B. The other side (the
other end) thereof is grounded. The electrode on one side of
the electrodes in pair (the side of reference numerals P1A and
P1B in FIG. 2) is a flat-shaped pixel electrode 220 as shown
in FIG. 3, for example, and is configured by a pixel electrode
on the side of the sub pixel 20A, and a pixel electrode on the
side of the sub pixel 20B (a combination 0f20B-1 and 20B-2).

The auxiliary capacitors 23A and 23B are capacitors
respectively for stabilizing the liquid crystal elements 22A
and 22B in terms of their accumulated charge. One end of the
auxiliary capacitor 23 A (one of the electrodes) is connected
to one end of the liquid crystal element 22 A and to the source
of the TFT element 21A, and the remaining end (opposing
electrode) is connected to the auxiliary capacity line Cs. One
end of the auxiliary capacitor 23B (one of the electrodes) is
connected to one end of the liquid crystal element 22B and to
the source of the TFT element 21B, and the remaining end
(opposing electrode) is connected to the auxiliary capacity
line Cs.

The TFT element 21A is configured by aMOS-FET (Metal
OxideSemiconductor-Field Effect Transistor). In the TFT
element 21A, the gate is connected to the gate line G, the
source is connected to one end of the liquid crystal element
22A and to one end of the auxiliary capacitor 23A, and the
drain is connected to the data line DA. This TFT element 21A
serves as a switching element for supplying a drive voltage
(drive voltage based on the video signal D2a) for use by the
sub pixel 20A to one end of the liquid crystal element 22A and
to one end of the auxiliary capacitor 23A. To be specific, in
accordance with a selection signal coming from the gate
driver 52 over the gate line G, the TFT element 21A is pro-
vided for selectively establishing the continuity between the
data line DA and one end of the liquid crystal element 22 A or
between the data line DA and one end of the auxiliary capaci-
tor 23A.

The FTF element 21B is similarly configured by a MOS-
FET, and therein, the gate is connected to the gate line G, the
source is connected to one end of the liquid crystal element
22B and to one end of the auxiliary capacitor 23B, and the
drain is connected to the data line DB. This TFT element 21B
serves as a switching element for supplying a drive voltage
(drive voltage based on the video signal D25) for use by the
sub pixel 20B to one end of the liquid crystal element 22B and
to one end of the auxiliary capacitor 23B. To be specific, in
accordance with a selection signal provided by the gate driver
52 over the gate line G, the TFT element 21B is provided for
selectively establishing the continuity between the data line
DB and one end of the liquid crystal element 22B or between
the data line DB and one end of the auxiliary capacitor 23B.

Next, by referring to FIG. 4, described in detail is the LUT
for use in the multi-pixel conversion section 43. Note that, in
the characteristics diagram that will be described below, as an
example, the grays-scale level of luminance is set to fall
within a range from 0/255 (state of black display) to 255/255
(state of white display).
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Such an LUT is provided for use to divide the gray-scale
level of luminance of the video signal D1 provided to the
multi-pixel conversion section 43 as indicated by arrows P2a
and P25 in FIG. 4, for example. The division results are the
gray-scale level of luminance of the video signal D2a for use
by the sub pixel 20A, and the gray-scale level of luminance of
the video signal D2b for use by the sub pixel 20B. In other
words, the LUT is used for, based on the video signal D1,
spatially dividing the drive operation to each of the pixels 20
for display into two to perform an operation of multiplex
driving to each of the sub pixels 20A and 20B. In other words,
such an operation of multiplex driving is a combination of a
first operation of multiplex driving (operation of multiplex
driving with respect to the sub pixel 20A) and a second
operation of multiplex driving (operation of multiplex driving
with respect to the sub pixel 20B). In the first operation of
multiplex driving, the operation of multiplex driving is per-
formed so that the liquid crystal application voltage to be
applied to the liquid crystal element 22A takes a higher-side
voltage being equal to or higher than an input application
voltage corresponding to the video signal D1. In the second
operation of multiplex driving, the operation of multiplex
driving is performed so that the liquid crystal application
voltage to be applied to the liquid crystal element 22B takes a
lower-side voltage being equal to or lower than the input
application voltage described above.

In this LUT, during the operation of multiplex driving with
respect to the sub pixel 20A, as indicated by the arrow P2a in
FIG. 4, for example, at least in an intermediate luminance
range, the liquid crystal application voltage to be applied to
the liquid crystal element 22 A is higher than the input appli-
cation voltage corresponding to the video signal D1. Also as
indicated by an arrow P3a in FIG. 4, for example, in a high-
light luminance range, the liquid crystal application voltage
to be applied to the liquid crystal element 22A takes a higher-
side voltage being equal to or higher than the input applica-
tion voltage corresponding to the video signal D1, and at the
same time, shows a tendency to be lower compared to that in
the intermediate luminance range. To be specific, the liquid
crystal application voltage to be applied to the liquid crystal
element 22A in such a highlight luminance range is set to be
equal to or higher than the input application voltage corre-
sponding to the video signal D1, and to be equal to or lower
than the voltage with which the phenomenon of “variation of
azimuth angle of liquid crystal” generally occurs.

Also in this LUT, during the operation of multiplex driving
with respect to the sub pixel 20B, as indicated by the arrow
P2b in FIG. 4, for example, at least in a region with an
intermediate level of luminance, the liquid crystal application
voltage to be applied to the liquid crystal element 22B is lower
than the input application voltage corresponding to the video
signal D1. Also as indicated by an arrow P35 in FIG. 4, for
example, in a lowermost luminance range, the liquid crystal
application voltage to be applied to the liquid crystal element
22B takes a lower-side voltage being equal to or lower than
the input application voltage corresponding to the video sig-
nal D1, and at the same time, shows a tendency to be higher
than that in the intermediate luminance range. To be specific,
other than the minimum gray-scale level of luminance (gray-
scale level of 0) in the video signal D1 in a lowermost lumi-
nance range, the liquid crystal application voltage to be
applied to the liquid crystal element 22B is set to a higher-side
voltage which is equal to or higher than a minimum value of
the voltage corresponding to the minimum gray-scale level of
luminance (other than the gray-scale level of 0 in the video
signal D1, the voltage is set so as not to be in the gray-scale
level of 0 in the video signal D2b).
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In this example, the components of the multi-pixel conver-
sion section 43, the timing control section 61, the reference
voltage generation section 45, the data driver 51, and the gate
driver 52 are a specific example of a “drive section” in the
invention. Further, the LUT of FIG. 4 is a specific example of
a“first LUT” in the invention. Still further, the sub pixel 20A
is a specific example of a “first sub pixel group” in the inven-
tion, and the sub pixel 20B is a specific example of the
“second sub pixel group” in the invention.

Described next is the operation of the liquid crystal display
device 1 in the embodiment.

First of all, by referring to FIGS. 1 to 4, described is the
basic operation of the liquid crystal display device 1.

With this liquid crystal display device 1, as shown in FIG.
1, the video signal Din coming from the outside is subjected
to image processing by the image processing section 41, and
the generation result is the video signal D1 for use by each of
the pixels 20. This video signal D1 is provided to the multi-
pixel conversion section 43. In the multi-pixel conversion
section 43, with the use ofthe LUT described above, the video
signal D1 provided as such is converted into the two video
signals D2a and D25 for respective use by the sub pixels 20A
and 20B (multi-pixel conversion). These two video signals
D2a and D25 are each provided to the data driver 51 via the
timing control section 61. In the data driver 51, the video
signals D2a and D25 are subjected to D/A conversion using
the reference voltage Vref provided by the reference voltage
generation section 45 so that two video signals each being an
analog signal are generated. Based on the two video signals,
the pixels 20 are each driven line-sequentially for display by
the drive voltage coming from the gate driver 52 and the data
driver 51 for use by the sub pixels 20A and 20B in each of the
pixels 20.

To be specific, as shown in FIGS. 2 and 3, in accordance
with a selection signal coming from the gate driver 52 over the
gate line G, the TFT element 21A is turned ON/OFF and the
TFT element 21B is turned OFF/ON, and the continuity is
selectively established between the data lines DA and DB and
the liquid crystal elements 22A and 22B or between the data
lines DA and DB and the auxiliary capacitors 23A and 23B.
With the continuity established as such, the drive voltage
based on the two video signals coming from the data driver 51
is provided to the liquid crystal elements 22A and 22B, and to
the auxiliary capacitors 23A and 23B so that the pixels are
driven for display.

In response thereto, in the pixel 20 in which the continuity
is established between the data lines DA and DB and the
liquid crystal elements 22A and 22B or between the data lines
DA and DB and the auxiliary capacitors 23A and 23B, an
illumination light coming from the backlight section 3 is
modulated in the liquid crystal display panel 2, and the modu-
lation result is output as a display light. In this manner, the
video display based on the video signal Din is made in the
liquid crystal display device 1.

By referring to FIGS. 5 to 7 in addition to FIGS. 1 to 4,
described in detail next are the feature points of the drive
operation in the liquid crystal display device of the invention
in comparison with a device in a comparison example. FIGS.
5107 are diagrams for illustrating an LUT in a previous liquid
crystal display device in the comparison example, and prob-
lems with the use of the LUT.

First of all, in the liquid crystal display device 1 in the
embodiment, with the use of the LUT of FIG. 4, for an
operation to drive for display the liquid crystal elements 22A
and 22B in each of the pixels 20 made of a VA-mode liquid
crystal, the drive operation to each of the pixels 20 is spatially
divided into two based on the video signal D1 so that the
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resulting operation of multiplex driving is performed (refer to
the arrows P2a and P251nF1G. 4). To be specific, based onthe
configuration that each ofthe pixels 20 is a combination of the
two sub pixels 20A and 20B, and also based on video signals
D3a and D35 being the results of multi-pixel conversion to
the video signal D1 (not shown; two video signals each being
an analog signal coming from the data driver 51), the opera-
tion of multiplex driving is performed to each of the sub pixels
20A and 20B after the operation of driving the pixels 20 for
display 1s spatially divided into two. Accordingly, compared
with the case of not performing such an operation of multi-
plex driving, any change (change from the case when the
display screen is viewed in the front direction) to the gamma
characteristics (characteristics showing the relationship
between the gray-scale level of luminance of the video signal
D1 and the luminance) becomes less obvious when the dis-
play screen is viewed in the diagonal direction (e.g., in the
direction 0f45°). As aresult, as the luminance characteristics
Ym(45°) in FIG. 14, for example, the viewing angle charac-
teristics are improved in terms of luminance compared with
the case of not performing the operation of multiplex driving
in the multi-pixel structure (e.g., the luminance characteris-
tics Ys(45°) in FIG. 14).

On the other hand, also in the liquid crystal display device
in the comparison example, the operation of multiplex driving
in the multi-pixel structure is similarly performed (e.g., refer
to arrows P102a and P1025 in FIG. 5). Compared with the
case of not performing the operation of multiplex driving in
the multi-pixel structure, the viewing angle characteristics are
improved in terms of luminance. Note that, in this comparison
example, the operation of multiplex driving in the multi-pixel
structure is performed using such an LUT as shown in F1G. §
as an alternative to the LUT in the embodiment of FIG. 4. To
be specific, with this LUT, for the operation in the operation
of multiplex driving with respect to the sub pixel 20A (cor-
responding to a video signal D102« in FIG. 5), no tendency is
shown to be low in voltage in a highlight luminance range as
indicated by the arrow P3a in FIG. 4. Also for the operation in
the operation of multiplex driving with respect to the sub pixel
20B (corresponding to a video signal D1025 in FIG. 5), no
tendency is shown to be high in voltage in a lowermost lumi-
nance range as indicated by the arrow P34 in FIG. 4.

In the liquid crystal display device using the LUT as such
in the comparison example, as described above, no tendency
is shown to be low in voltage in a highlight luminance range
for the operation of multiplex driving with respect to the sub
pixel 20A, and no tendency is shown to be high in voltage in
a lowermost luminance range for the operation of multiplex
driving with respect to the sub pixel 20B. This easily results in
the following phenomenon. As a result, the display charac-
teristics of moving images are impaired, and the display
image quality is degraded.

To be specific, first of all, as indicated by reference numer-
als P103q and P1035 in FIG. 6, for example, for a voltage to
be applied to the liquid crystal element 22A in the sub pixel
20A (liquid crystal application voltage), for transition thereof
from low (e.g., gray-scale level of 0/gray-scale level of 255)
to high (e.g., gray-scale level of 255/gray-scale level of 255),
the luminance does not reach any desired value of voltage
(value of luminance), thereby easily adversely affecting the
response time of the liquid crystal. This is because, with the
halftone technique like the sub pixel structure, the sub pixel
20A being in the much lower gray-scale level is a target for
application of a high voltage compared with the case of not
using the halftone technique. This is the reason why the
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response time is adversely affected more often with a larger
number of gray-scale levels by the “variation of azimuth
angle of liquid crystal”.

Moreover, as the video signal D102b in FIG. 5, for
example, with a voltage to be applied to the liquid crystal
element 22B in the sub pixel 20B (liquid crystal application
voltage), during overdriving (OD), the gray-scale level of 0 is
in need more often than the case of not using the halftone
technique. This thus requires a steep increase of the liquid
crystal application voltage from low to high. As a result, the
response speed of the liquid crystal is indeed improved by
such overdriving but as indicated by a reference numeral
P104 in FIG. 7, for example, the “phenomenon of rebound-
ing” is easily occurred if the voltage of an original gray-scale
value is applied to the liquid crystal elements after the
completion of overdriving.

On the other hand, in the liquid crystal display device 1 in
the embodiment, in the LUT of FIG. 4, during the operation,
of multiplex driving with respect to the sub pixel 20A, as
indicated by the arrow P3¢ in FIG. 4, in a highlight luminance
range, the liquid crystal application voltage to be applied to
the liquid crystal element 22A takes a higher-side voltage
being equal to or higher than the input application voltage
corresponding to the video signal D1, and at the same time,
shows a tendency to be lower compared to that in an interme-
diate luminance range. To be specific, the liquid crystal appli-
cation voltage to be applied to the liquid crystal element 22A
in such a region with the high level of luminance is set to be
equal to or higher than the input application voltage corre-
sponding to the video signal D1, and to be equal to or lower
than the voltage with which the phenomenon of “variation of
azimuth angle of liquid crystal” generally occurs. As such,
compared with the operation of multiplex driving in the com-
parison example in which no such tendency to be low in
voltage is observed in a highlight luminance range, the liquid
crystal application voltage is prevented from abruptly
increasing during voltage transition from low to high. This
accordingly reduces the number of gray-scale levels causing
the “variation of azimuth angle of the liquid crystal” (e.g.,
reduction from 32 to 6 gray-scale levels). Note here that,
during the operation of multiplex driving with respect to the
sub pixel 20B, conversely, a highlight luminance range shows
atendency to be high in voltage not to cause any change to the
gamma characteristics compared with the case with the video
signal D1.

During the operation of multiplex driving with respect to
the sub pixel 20B, as indicated by the arrow P35 in F1G. 4, for
example, in a lowermost luminance range, the liquid crystal
application voltage to be applied to the liquid crystal element
22B takes a lower-side voltage being equal to or lower than
the input application voltage corresponding to the video sig-
nal D1, and at the same time, shows a tendency to be higher
compared to that in an intermediate luminance range. To be
specific, other than the minimum gray-scale level of lumi-
nance (gray-scale level of 0) in the video signal D1 in the
lowermost luminance range, the liquid crystal application
voltage to be applied to the liquid crystal element 22B is set to
a higher-side voltage which is equal to or higher than a mini-
mum value of the voltage corresponding to the minimum
gray-scale level of luminance (other than the gray-scale level
of 0 in the video signal D1, the voltage is set so as not to be in
the gray-scale level of 0 in the video signal D2b). As such,
compared with the operation of multiplex driving in the com-
parison example in which no such tendency to be high in
voltage is observed in a lowermost luminance range, for
overdriving, the liquid crystal application voltage is pre-
vented from abruptly increasing during voltage transition
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from low to high. This accordingly reduces the number of
gray-scale levels causing the “phenomenon of rebounding”
(e.g., reduction from 64 to 20 gray-scale levels). Note here
that, also at this time, during the operation of multiplex driv-
ing with respect to the sub pixel 20A, a tendency to be low in
voltage is conversely observed in the lowermost luminance
range not to cause any change to the gamma characteristics
compared with the case with the video signal D1.

As described above, in the embodiment, for an operation to
drive for display the liquid crystal elements 22A and 22B in
each of the pixels 20 made of a VA-mode liquid crystal, the
drive operation for execution to each of the pixels 20 for
display is spatially divided into two so that the resulting
operation of multiplex driving is performed. Accordingly,
compared with the case of not performing such an operation
of multiplex driving, any change to the gamma characteristics
becomes less obvious when the display screen is viewed in
the diagonal direction. This favorably leads to the better view-
ing angle characteristics in terms of luminance. Moreover, for
an operation of multiplex driving with respect to the sub pixel
204, in a highlight luminance range, the liquid crystal appli-
cation voltage to be applied to the liquid crystal element 22A
takes a higher-side voltage being equal to or higher than the
input application voltage corresponding to the video signal
D1, and at the same time, shows a tendency to be lower
compared to that in an intermediate luminance range. This
accordingly prevents the liquid crystal application voltage
from abruptly increasing during voltage transition from low
to high, thereby preventing the variation of azimuth angle of
the liquid crystal compared with the previous operation of
multiplex driving. Moreover, for an operation of multiplex
driving with respect to the sub pixel 20B, in a lowermost
luminance range, the liquid crystal application voltage to be
applied to the liquid crystal element 22B takes a lower-side
voltage being equal to or lower than the input application
voltage corresponding to the video signal D1, and at the same
time, shows a tendency to be higher compared to that in an
intermediate luminance range. Therefore, for overdriving,
this accordingly prevents the liquid crystal application volt-
age from abruptly increasing from low to high, thereby pre-
venting the occurrence of the phenomenon of rebounding
compared with the previous operation of multiplex driving.
Accordingly, in the liquid crystal display device using a VA-
mode liquid crystal, the viewing angle characteristics can be
improved in terms of luminance, and at the same time, the
display image quality can be better than that in the previous
liquid crystal display device.

To be specific, such effects as described above can be
achieved by the pixels 20 each configured by the two sub
pixels 20A and 20B, and based on the video signals D3a and
D35 being the results of the multi-pixel conversion executed
to the video signal D1, the drive operation for execution to
each of the pixels 20 for display being spatially divided into
two to perform the operation of multiplex driving separately
to each of the sub pixels 20A and 20B.

Further, by using the LUT providing the correlation
between the video signal D1 and the video signals D3a and
D3b respectively corresponding to the sub pixels 20A and
20B, the drive operation for execution to each of the pixels 20
for display can be spatially divided into two to perform the
operation of multiplex driving separately to each of the sub
pixels 20A and 20B.

Still further, for an operation of multiplex driving with
respect to the sub pixel 20B, other than the minimum gray-
scale level of luminance (gray-scale level of 0) in the video
signal D1 in a lowermost luminance range, the liquid crystal
application voltage to be applied to the liquid crystal element
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22B is set so as to take a value on the higher-voltage side than
a minimum value of the voltage corresponding to the mini-
mum gray-scale level of luminance (other than the gray-scale
level of 0 in the video signal D1, the voltage is set so as not to
be in the gray-scale level of 0 in the video signal D25). This
accordingly prevents the occurrence of the phenomenon of
rebounding during the overdriving.

As such, while the invention has been described with the
embodiment as an example, the foregoing description is in all
aspects illustrative and not restrictive to the embodiment, and
it is understood that numerous other modifications can be
devised.

As an exemplary modification using the LUT of FIG. 4,
exemplified in the above embodiment is the case of taking
such two measures as indicated by the arrows P3a and P36 in
the drawing to prevent the two phenomena of “variation of
azimuth angle of liquid angle” and “rebounding”. Alterna-
tively, only one of such two measures may be taken. To be
specific, using an LUT of FIG. 8, for example, one measure
indicated by the arrow P3a in the drawing may be taken to
prevent only the phenomenon of “variation of azimuth angle
of liquid crystal”. Still alternatively, using an LUT of FIG. 9,
for example, one measure indicated by the arrow P35 in the
drawing may be taken to prevent only the phenomenon of
“rebounding”. If these are the configurations, the viewing
angle characteristics can be improved in terms of luminance,
and at the same time, the display image quality can be better
to some degree than that in the previous liquid crystal display
device.

Also in the above embodiment, exemplified is the multi-
pixel configuration in which each of the pixels 20 is con-
nected with a gate line G and two data lines DA and DB as the
pixel 20 and the sub pixels 20A and 20B shown in FIG. 2.
Alternatively, as a pixel 20-1 and sub pixels 20A-1 and 20B-1
shown in FIG. 10, for example, the invention is surely appli-
cable also to such a multi-pixel configuration in which each of
the pixels 20-1 is connected with two gate lines GA and GB
and a data line D. With such a pixel 20-1, for example,
provided are two sub frame periods being the results of divid-
ing a unit frame for display driving (a frame period) into two
along a time axis, and the sub pixels 20A and 20B are driven
in accordance with a selection signal provided within each of
the sub frame periods over the gate lines GA and GB, and in
accordance with a drive voltage provided by the data driver
1.

Also in the above embodiment, as shown in FIGS. 1 and 4,
exemplified is the case of performing, separately to the sub
pixels 20A and 20B, an operation of multiplex driving after
spatially dividing into two an operation of driving the pixels
20 for display by using the LUT providing the correlation
between the video signal D1 and the video signals D3a and
D35 respectively corresponding to the sub pixels 20A and
20B. This is surely not restrictive, and any other technique is
also possible. To be specific, like the liquid crystal display
device 1A of FIG. 11, for example, the reference voltage for
use to D/A-convert the video signal D1 coming from the
image processing section 41 into the video signals D3a and
D35 (not shown) in the data driver 51 may be set so as to vary
between the sub pixels 20A and 20B (a reference voltage
VrefA corresponding to the sub pixel 20A is different from a
reference voltage VrefB corresponding to the sub pixel 20B).
With such a setting, similarly to the above embodiment, an
operation to drive the pixels 20 for display may be spatially
divided into two for performing an operation of multiplex
driving separately to the sub pixels 20A and 20B. If this is the
configuration, the effects similar to those in the above
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embodiments can be favorably achieved. Also in this case, the
multi-pixel configuration as shown in FIG. 10 is applicable.

Also in the above embodiment, exemplified is the case in
which each of the pixels 20 is configured by the two sub pixels
20A and 20B, and an operation to drive the pixels 20 for
display is spatially divided into two for petforming an opera-
tion of multiplex driving separately to the sub pixels 20A and
20B. This is surely not restrictive, and any other technique
will be also applicable. To be specific, with a pixel 20-2 in the
normal single configuration as shown in FIG. 12 (e.g., pixel
including one liquid crystal element 22, one auxiliary capaci-
tor 23, and one TFT element 21 with a connection established
with a gate line G and a data line D), as shown in FIG. 13, for
example, the effects of halftone may be derived similarly to
the case with the multi-pixel structure by temporally dividing
aunit frame for display driving (a frame period) into two sub
frame periods SFA and SFB, and by representing any desired
level of luminance using a combination of a sub frame(s) SFA
ofhigh level of luminance and a sub frame(s) SFB oflow level
of luminance. To be more specific, based on the video signal
D1, an operation to drive the pixels 20-2 for display is tem-
porally divided into two for performing an operation of mul-
tiplex driving separately to the sub frame periods SFA and
SFB. In other words, the operation of multiplex driving at this
time is a combination of a first operation of multiplex driving
(operation of multiplex driving with respect to the sub frame
period SFA) and a second operation of multiplex driving
(operation of multiplex driving with respect to the sub frame
period SFB). In the first operation of multiplex driving, the
operation of multiplex driving is performed so that the liquid
crystal application voltage to be applied to the liquid crystal
element 22 takes a higher-side voltage being equal to or
higher than the input application voltage corresponding to the
video signal D1. In the second operation of multiplex driving,
the operation of multiplex driving is performed so that the
liquid crystal application voltage to be applied to the liquid
crystal element 22 takes alower-side voltage being equal to or
lower than the input application voltage described above. As
such a technique of performing an operation of multiplex
driving separately to the sub frame periods SFA and SFB after
temporally dividing an operation to drive the pixels 20-2 into
two, similarly to the LUT of FIG. 4, an LUT providing the
correlation between the video signal D1 and the video signals
respectively corresponding to the sub frame periods SFA and
SFB (second LUT) may be used. Alternatively, similarly to
the liquid crystal display device 1A of FIG. 11, the reference
voltage for use to D/A-convert the video signal D1 may be set
so as to vary between the sub frame periods SFA and SFB. If
these are the configurations, the effects similar to those in the
above embodiment can be successfully achieved.

Also in the above embodiment, exemplified is the flat shape
of the pixel electrode 220. Such a flat shape of the pixel
electrode is surely not restrictive to that of FIG. 3.

Furthermore, the number of the sub pixels in each of the
pixels 20 and the number of the sub frame periods in a frame
period are both surely not restrictive to two as exemplified
above, and both may be three or more.

The invention claimed is:

1. A liquid crystal display device, comprising:

a plurality of pixels arranged in a matrix, each one of the
plurality of pixels being provided with a respective lig-
uid crystal element made of a liquid crystal of a vertical
alignment (VA) mode; and

adrive section driving the respective liquid crystal element
of each of the pixels for display by applying a voltage
based on an input video signal to the liquid crystal ele-
ment, the drive section performing a divisional-drive
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operation by space-divisionally or time-divisionally
dividing a display drive operation on each of the pixels
into a plurality based on the input video signal so that the
divisional-drive operation includes a first divisional-
drive operation group and a second divisional-drive
operation group, the first divisional-drive operation
group allowing a liquid crystal application voltage to be
a higher-side voltage which is equal to or higher than an
input application voltage, and a second divisional-drive
operation group allowing the liquid crystal application
voltage to be a lower-side voltage which is equal to or
lower than the input application voltage, the liquid crys-
tal application voltage representing a voltage actually
applied to the liquid crystal elements, the input applica-
tion voltage representing a voltage which corresponds to
the input video signal,

wherein the drive section performs a divisional-drive

operation belonging to the first divisional-drive opera-
tion group such that the liquid crystal application volt-
age is higher than the input application voltage atleast in
an intermediate luminance range, whereas in a highlight
luminance range, the liquid crystal application voltage is
equal to or higher than the input application voltage but
is still lower than a voltage at which variation of azimuth
angle of liquid crystal occurs, and

the drive section performs a divisional-drive operation

belonging to the second divisional-drive operation
group such that the liquid crystal application voltage is
lower than the input application voltage in the interme-
diate luminance range, whereas in a lowermost lumi-
nance range, the liquid crystal application voltage is
equal to or lower than the input application voltage but is
still higher than a voltage at which rebounding occurs.

2. The liquid crystal display device according to claim 1,
wherein the drive section performs the divisional-drive opera-
tion belonging to the second divisional-drive operation group
such that the liquid crystal application voltage is higher than
a minimum voltage, which corresponds to a minimum gray-
scale luminance level in the input video signal, at gray-scale
luminance levels other than the minimum gray-scale lumi-
nance level within the lowermost luminance range.

3. The liquid crystal display device according to claim 1 or
2, wherein each of the pixels is configured of one or more first
sub-pixels used for an operation belonging to the first divi-
sional-drive operation group and one or more second sub-
pixels used for an operation belonging to the second divi-
sional-drive operation group, and the drive section
implements a space-divisional drive on each of the pixels
through separately performing the display drive operation on
each of the first and second sub-pixels, based on the input
video signal.

4. The liquid crystal display device according to claim 3,
wherein the drive section implements the space-divisional
drive on each of the pixels using of a LUT (Lookup Table)
which provides a correlation between the input application
voltage and the liquid crystal application voltage applied to
the first sub-pixel, and a correlation between the input appli-
cation voltage and the liquid crystal application voltage
applied to the second sub-pixel.

5. The liquid crystal display device according to claim 3,
wherein the drive section implements a space-divisional drive
on each of the pixels using a reference voltage in a D/A
(Digital/Analog) conversion for the first sub-pixel to be dif-
ferent than a reference voltage in a D/A conversion for the
second sub-pixel, the reference voltages being used in the
respective D/A conversions from the input application volt-
age into the liquid crystal application voltage.

10

15

20

25

40

45

60

65

18

6. The liquid crystal display device according to claim 1,
wherein a unit frame period for the drive operation for execu-
tion to each of the pixels for display includes one or more first
sub-frame periods used for an operation belonging to the first
divisional-drive operation group, and one or more second
sub-frame periods used for an operation belonging to the
second divisional-drive operation group, and the drive section
implements a time divisional drive on each of the pixels by
separately performing display-drive in each of the first sub-
frame period and the second sub-frame period based on the
input video signal.

7. The liquid crystal display device according to claim 6,
wherein the drive section implements the time-divisional
drive on eachof the pixels usinga LUT (Lookup Table) which
provides a correlation between the input application voltage
and the liquid crystal application voltage applied to the pixel
in the first sub-frame period, and a correlation between the
input application voltage and the liquid crystal application
voltage applied to the pixel in the second sub-frame period.

8. The liquid crystal display device according to claim 6,
wherein the drive section implements the time-divisional
drive on each of the pixels through a reference voltage in a
D/A (Digital/Analog) conversion executed in the first sub-
frame period that is different than a reference voltage ina D/A
conversion executed in the second sub-frame period, the ref-
erence voltages being used in the respective D/A conversions
from the input application voltage into the liquid crystal
application voltage.

9. A liquid crystal display device, comprising:

a plurality of pixels arranged in a matrix, each one of the
plurality of pixels being provided with a respective lig-
uid crystal element made of a liquid crystal of a vertical
alignment (VA) mode; and

adrive section driving the respective liquid crystal element
of each of the pixels for display by applying a voltage
based on an input video signal to the liquid crystal ele-
ment, the drive section performing a divisional-drive
operation by space-divisionally or time-divisionally
dividing a display drive operation on each of the pixels
into a plurality based on the input video signal so that the
divisional-drive operation includes a first divisional-
drive operation group and a second divisional-drive
operation group, the first divisional-drive operation
group allowing a liquid crystal application voltage to be
a higher-side voltage which is equal to or higher than an
input application voltage, and a second divisional-drive
operation group allowing the liquid crystal application
voltage to be a lower-side voltage which is equal to or
lower than the input application voltage, the liquid crys-
tal application voltage representing a voltage actually
applied to the liquid crystal elements, the input applica-
tion voltage representing a voltage which corresponds to
the input video signal,

wherein the drive section performs a divisional-drive
operation belonging to the first divisional-drive opera-
tion group such that the liquid crystal application volt-
age is higher than the input application voltage at least in
an intermediate luminance range, whereas in a highlight
luminance range, the liquid crystal application voltage is
equal to or higher than the input application voltage but
is still lower than a voltage at which variation of azimuth
angle of liquid crystal occurs.

10. A liquid crystal display device, comprising:

a plurality of pixels arranged in a matrix, each one of the
plurality of pixels being provided with a respective lig-
uid crystal element made of a liquid crystal of a vertical
alignment (VA) mode; and
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adrive section driving the respective liquid crystal element
of each of the pixels for display by applying a voltage
based on an input video signal to the liquid crystal ele-
ment, the drive section performing a divisional-drive
operation by space-divisionally or time-divisionally
dividing a display drive operation on each of the pixels
into a plurality based on the input video signal so that the
divisional-drive operation includes a first divisional-
drive operation group and a second divisional-drive
operation group, the first divisional-drive operation
group allowing a liquid crystal application voltage to be
a higher-side voltage which is equal to or higher than an
input application voltage, and a second divisional-drive
operation group allowing the liquid crystal application
voltage to be a lower-side voltage which is equal to or
lower than the input application voltage, the liquid crys-
tal application voltage representing a voltage actually
applied to the liquid crystal elements, the input applica-
tion voltage representing a voltage which corresponds to
the input video signal,

wherein the drive section performs a divisional-drive
operation belonging to the second divisional-drive
operation group such that the liquid crystal application
voltage is lower than the input application voltage in the
intermediate luminance range, whereas in a lowermost
luminance range, the liquid crystal application voltage is
equal to or lower than the input application voltage but is
still higher than a voltage at which rebounding occurs.
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