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DRIVE METHOD OF LIQUID CRYSTAL
DISPLAY DEVICE, DRIVER OF LIQUID
CRYSTAL DISPLAY DEVICE, PROGRAM OF
METHOD AND STORAGE MEDIUM
THEREOF, AND LIQUID CRYSTAL DISPLAY
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a drive method of a
liquid crystal display device which is brighter, has a wider
range of viewing angles, has a faster response speed. and has
improved moving image quality, and the present invention
also relates to a driver of the liquid crystal display device, a
program of the method and a storage medium thereof, and the
liquid crystal display device.

[0002] As described in, for example, the patent documents
1-5 below, there are commonly used display devices which
divide a frame for one screen into plural sub frames in a
time-sharing fashion. According to the documents, the qual-
ity of moving images is improved such that impulse-type light
emission typified by CRTs (Cathode-Ray Tube) is simulated
by a hold-type display device such as a liquid crystal display
device by providing a black display or dark display period in
one frame period.

[0003] Also, as taught by the patent document 6 below, the
response speed of a liquid crystal display device is improved
by modulating a drive signal in such a way as to emphasize
grayscale transition between two frames.

[0004] Inthe meanwhile, the non-patent documents 1 and 2
below teach that an overshoot signal is supplied to a pixel
after the supply of a pre-tilt signal thereto, in order to improve
the response speed of a liquid crystal cell in the PVA (Pat-
terned Vertical Alignment) mode.

[0005] [Patent Document 1]

[0006] Japanese Laid-Open Patent Application No.
4-302289 (published on Oct. 26, 1994)

[0007] [Patent Document 2]

[0008] Japanese Laid-Open Patent Application No.
5-68221 (published on Mar. 19, 1995)

[0009] [Patent Document 3]

[0010] Japanese Laid-Open Patent Application No. 2001-
281625 (published on Oct. 10, 2001)

[0011] [Patent Document 4]

[0012] Japanese Laid-Open Patent Application No. 2002-
23707 (published on Jan. 25, 2002)

[0013] [Patent Document 5]

[0014] Japanese Laid-Open Patent Application No. 2003-
22061 (published on Jan. 24, 2003)

[0015] [Patent Document 6]

[0016] Japanese Patent No. 2650479 (issued on Sep. 3,
1997)

[0017] [Patent Document 7]

[0018] Japanese Laid-Open Patent Application No. 2003-

295160 (published on Oct. 15, 2003)

[0019] [Patent Document 8]

[0020] Japanese Laid-Open Patent Application No. 2004-
62146 (published on Feb. 26, 2004)

[0021] [Patent Document 9]

[0022] Japanese Laid-Open Patent Application No. 2004-
78157 (published on Mar. 11, 2004)

[0023] [Patent Document 10]

[0024] Japanese Laid-Open Patent Application No. 2004-
258139 (published on Sep. 16, 2004)

Jul. 3, 2008

[0025] [Non-Patent Document 1]

[0026] Sang Soo Kim, 15.4: Invited Paper: Super PVA Sets
New State-of-the-Art for LCD-TV, SID 04 DIGEST, 2004, pp
760-pp 763

[0027] [Non-Patent Document 2]

[0028] Jang-Kun Song, et al., 48.2:DCCII: Novel Method
for Fast Response Time in PVA Mode, SID 04 DIGEST,
2004, pp 1344-pp 1347

[0029] [Non-Patent Document 3]

[0030] Handbook of Color Science; second edition (Uni-
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DISCLOSURE OF INVENTION

[0031] However, the improvement in the quality of moving
images is insufficient in all of the arrangements above. It is
therefore required a liquid crystal display device which is
brighter, has a wider range of viewing angles, has a faster
response speed, and has improved moving image quality.
[0032] Thepresentinvention was done to solve the problem
above, and the objective of the present invention is to provide
a method of driving a liquid crystal display device which is
brighter, has a wider range of viewing angles, has a faster
response speed, and has improved moving image quality, a
driver of the liquid crystal display device, its program and
storage medium, and the liquid crystal display device.
[0033] To achieve the objective above, a drive method of a
liquid crystal display device of the present invention, which
drives a liquid crystal cell in a vertical alignment mode by a
normally black mode (in which black display is performed
when no voltage is applied), is characterized by comprising
the step of (i) generating predetermined plural sets of output
video data supplied to a pixel, in response to each input cycle
of inputting input video data to the pixel, said plural sets of
output video data being generated for driving the pixel in a
time-sharing fashion, the step (i) including the sub steps of:
(D) in case where the input video data indicates luminance
lower than a predetermined threshold, setting luminance of at
least one of said plural sets of output video data to be at a value
within a predetermined luminance range for dark display, and
controlling a time integral value of the luminance of the pixel
in periods in which the pixel is driven based on said plural sets
of output video data, by increasing or decreasing at least one
of the remaining sets of output video data; and (II) in case
where the input video data indicates luminance higher than
the predetermined threshold, setting at least one of said plural
sets of output video data to be at a value within a predeter-
mined luminance range for light display, and controlling a
time integral value of the luminance of the pixel in periods in
which the pixel is driven based on said plural sets of output
video data, by increasing or decreasing at least one of the
remaining sets of output video data, in the sub step (1), at least
one of said plural sets of output video data indicating lumi-
nance other than black, when the input video data indicates
black. When the input video data indicates black, at least two
of said plural sets of output video data may be set at values
different from one another. The value indicating the lumi-
nance within the predetermined range for dark display may be
set at a value which does not indicate black. When the input
video data indicates black, aset of output video datain the last
period among periods in which the pixel is driven based on the
respective sets of output video data may be set at a value
indicating the luminance other than black, among said plural
sets of output video data.
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[0034] According to the arrangement above, when the input
video data indicates luminance lower than a predetermined
threshold (i.e. in the case of dark display), at least one of said
plural sets of output video data is set at a value indicating
luminance within a predetermined range for dark display (i.e.
luminance for dark display), and at least one of the remaining
sets of output video data is increased or decreased to control
a time integral value of the luminance of the pixel in the
periods in which the pixelis driven based on said plural output
video data. Therefore, in most cases, the luminance of the
pixel in the period (dark display period) in which the pixel is
driven based on the output video data indicating luminance
for dark display is lower than the luminance in the remaining
periods.

[0035] On the other hand, when the input video data indi-
cates luminance higher than the predetermined threshold (i.e.
in the case of light display), at least one of said plural sets of
output video data is set at a value indicating luminance within
a predetermined range for light display (i.e. luminance for
light display), and one of the remaining sets of output video
data is increased or decreased to control a time integral value
of the luminance of the pixel in the periods in which the pixel
is driven based on said plural sets of output video data. There-
fore, in most cases, the luminance of the pixel in the periods
other than the period (light display period) in which the pixel
is driven based on the output video data indicating luminance
for light display is lower than the luminance in the light
display period.

[0036] As aresult, in most cases, it is possible to provide a
period in which luminance of the pixel is lower than that of the
other periods, at least once in each input cycle. It is therefore
possible to improve the quality in moving images displayed
on the liquid crystal display device. Also, when light display
is performed, luminance indicated by the input video data
increases as luminance of the pixel in the periods other than
the light display period increases. On this account, it is pos-
sible to increase a time integral value of the luminance of the
pixel in the whole input cycle as compared to a case where
dark display is performed at least once in each input cycle.
Therefore a liquid crystal display device which can perform
brighter display can be realized.

[0037] Even if the luminance of the pixel in the periods
other than the light display period is high, the quality in
moving images can be improved on condition that the lumi-
nance in the light display period is sufficiently different from
the luminance in the periods other than the light display
period. It is therefore possible to improve the quality in mov-
ing images in most cases.

[0038] Even if the liquid crystal display device is in the
vertical alignment mode, the range of viewing angles in
which luminance is maintained at an allowable value is wid-
ened when the luminance ofthe pixel is close to the maximum
or minimum, as compared to a case where the luminance of
the pixel has an intermediate value. This is because, when the
luminance is close to the maximum or minimum, the align-
ment of the liquid crystal molecules is simple and easily
correctable on account of a requirement of contrast and
because visually suitable results can be easily obtained, and
hence a viewing angle at the maximum or minimum (in
particular, a part close to the minimum luminance) is selec-
tively assured. On this account, if time-sharing drive is not
performed, a range of viewing angles in which intermediate
luminance can be suitably reproduced is narrowed, and prob-
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lems such as whitish appearance may occur when the display
device is viewed at an angle out of the aforesaid range.
[0039] According to the arrangement above, in the case of
dark display, one of the sets of output video data is set at a
value indicating luminance for dark display. It is therefore
possible to widen the range of viewing angles in which the
luminance of the pixel falls within an allowable range. Simi-
larly, in the case of light display, one of the sets of output
video data is set at a value indicating luminance for light
display. It is therefore possible to widen the range of viewing
angles in which the luminance of the pixel falls within an
allowable range, in the light display period. As a result, prob-
lems such as whitish appearance can be prevented in com-
parison with the arrangement in which the time-sharing drive
is not performed, and hence the range of viewing angles can
be increased.

[0040] When a liquid crystal cell in a vertical alignment
mode is driven by a normally black mode, the orientation
(in-plane component, of the alignment direction, which is in
parallel to the substrate) and the tilt angle (angle between the
direction orthogonal to the substrate and the alignment direc-
tion) of liquid crystal molecules must be determined, in order
to tilt the liquid crystal molecules which are substantially
vertically aligned, by applying an electric field. On the other
hand, the tilt angle of the liquid crystal molecules whose
orientation has been determined is determined in accordance
with an electric field. As a result, when a liquid crystal cell in
a vertical alignment mode is driven by a normally black
mode, a response speed from a state where the pixel indicates
black to intermediate luminance is slower than a response
speed from a state of dark display brighter than black to the
intermediate luminance.

[0041] In this connection, according to the arrangement
above, in the step (1), at least one of said plural output video
data generated when the input video data indicates black
indicates luminance other than black. As a result, the speed to
respond to intermediate luminance is significantly improved
as compared to a case where all sets of video data are set so as
to have a value indicating black when the input video data
indicates black, and hence the quality of moving images is
significantly improved. It is noted that, when the luminance
other than black is sufficiently dark, the user recognizes black
color on the pixel even if the pixel does not actually display
black color.

[0042] As a result, it is possible to realize a method of
driving a liquid crystal display device which is brighter, has a
wider range of viewing angles, has a faster response speed,
and has improved moving image quality.

[0043] To achieve the objective above, a drive method of a
liquid crystal display device of the present invention, which
drives a liquid crystal cell in a vertical alignment mode by a
normally black mode, is characterized by comprising the
steps of: (1) in case where input video data which is input to a
pixel of a liquid crystal panel indicates luminance lower than
a predetermined threshold value, setting luminance of the
pixel in at least one divided periods at luminance falling
within a predetermined range for dark display, and control-
ling luminance of the pixel in the remaining divided periods
s0 as to control a time integral value of Tuminance of the pixel
in a unit period for drive based on the input video data, the
divided periods being generated by dividing the unit period
into plural periods; and (ii) in case where the input video data
indicates luminance higher than the predetermined threshold
value, setting luminance of the pixel in at least one of the
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divided periods at luminance falling within a predetermined
range for light display, and controlling luminance of the pixel
in the remaining divided periods so as to control a time
integral value of luminance of the pixel in the unit period, in
the step (1), in at least one of said divided periods, luminance
of the pixel being controlled so as to be luminance other than
black, when the input video data indicates black. When the
input video data indicates black, at least two of said plural sets
of output video data may be set at values different from one
another. The value indicating the luminance within the pre-
determined range for dark display may be set at a value which
does not indicate black. When the input video data indicates
black, a set of output video data in the last divided period
among the plural divided periods may be set at a value indi-
cating the luminance other than black.

[0044] According to this arrangement, being similar to the
aforesaid drive method of the liquid crystal display device, in
most cases, it is possible to provide a divided period in which
luminance of the pixel is lower than that of the other divided
periods, at least once in each unit period. It is therefore pos-
sible to improve the quality in moving images displayed on
the liquid crystal display device. Also, when light display is
performed, luminance indicated by the input video data
increases as luminance of the pixel in the periods other than
the divided period in which luminance is set within the pre-
determined range for light display (i.e. in the periods other
than the light display period) increases. On this account, a
liquid crystal display device which can perform brighter dis-
play can be realized.

[0045] Also, according to this arrangement, being similar
to the aforesaid drive method of the liquid crystal display
device, when the input video data indicates black, luminance
other than black is obtained in at least one of the divided
periods. As a result, the speed to respond to intermediate
luminance is significantly increased as compared to a case
where black display is performed in all divided periods when
the input video data indicates black, and hence the quality in
moving images is significantly improved.

[0046] As a result, it is possible to realize a method of
driving a liquid crystal display device which is brighter, has a
wider range of viewing angles, has a faster response speed,
and has improved moving image quality.

[0047] To achieve the objective above, a driver of the liquid
crystal display device of the present invention, which drives a
liquid crystal cell in a vertical alignment mode by a normally
black mode, is characterized by comprising generation means
for generating predetermined plural sets of output video data
supplied to a pixel and corresponding to respective input
cycles, in response to each of the input cycles of inputting
input video data to the pixel, said plural sets of output video
data being generated for driving the pixel in a time-sharing
fashion, the generation means performing control so as to: (1)
in case where the input video data indicates luminance lower
than a predetermined threshold, set luminance of at least one
of said plural sets of output video data at a value within a
predetermined luminance range for dark display, and control
a time integral value of the luminance of the pixel in periods
in which the pixel is driven based on said plural sets of output
video data, by increasing or decreasing at least one of the
remaining sets of output video data; and (ii) in case where the
input video data indicates luminance higher than the prede-
termined threshold, set luminance of at least one of said plural
sets of output video data at a value within a predetermined
luminance range for light display, and control a time integral
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value of the luminance of the pixel in periods in which the
pixel is driven based on said plural sets of output video data,
by increasing or decreasing at least one of the remaining sets
of output video data, and the generation means setting at least
one of said plural sets of output video data at a value indicat-
ing luminance other than black, when the input video data
indicates black.

[0048] In addition to the above, the generation means may
set at least two of said plural output video data at values
different from one another, when the input video data indi-
cates black. Also, in addition to the above, the value indicat-
ing luminance within the predetermined range for dark dis-
play may be set at a value not indicating black. Also, in
addition to the above, when the input video data indicates
black, the generation means sets, among said plural sets of
output video data, a set of output video data of the last period
of the periods in which the pixel is driven based on said plural
sets of output video data is set at a value indicating luminance
other than black.

[0049] Inthesearrangements, being similar to the aforesaid
driver of the liquid crystal display device, in most cases, it is
possible to provide a period in which luminance of the pixel
is lower than that of the other periods, at least once in each
input cycle. It is therefore possible to improve the quality in
moving images displayed on the liquid crystal display device.
Also, when light display is performed, luminance indicated
by the input video data increases as luminance of the pixel in
the periods other than the light display period increases. On
this account, a liquid crystal display device which can per-
form brighter display can be realized.

[0050] Also, according to the arrangement above, being
similar to the aforesaid drive method of the liquid crystal
display device, at least one of said plural sets of output video
data generated when the input video data indicates black
indicates luminance other than black. As a result, the speed to
respond to intermediate luminance is significantly improved
as compared to an arrangement in which all output video data
is set at a value indicating black, and hence the quality in
moving images is significantly improved.

[0051] As a result, it is possible to realize a liquid crystal
display device which is brighter, has a wider range of viewing
angles, has a faster response speed, and has improved moving
image quality.

[0052] Also, in addition to the above, the generation means
may control the time integral value by increasing or decreas-
ing particular output video data which is a particular one of
the remaining sets of output video data, and may set the
remaining sets of output video data other than the particular
output video data at either a value indicating luminance fall-
ing within the predetermined range for dark display or a value
indicating luminance falling within the range for light dis-
play.

[0053] According to this arrangement, among said plural
sets of output video data, the sets of video data other than the
particular output video data are set either at a value indicating
luminance within the predetermined range for dark display or
avalue indicating luminance within the predetermined range
for light display. On this account, problems such as whitish
appearance are further prevented and the range of viewing
angles is further increased, as compared to a case where the
sets of video data other than the particular output video data
are set at values included neither one of the aforesaid ranges.
[0054] Also, in addition to the above, provided that the
periods in which the pixel is driven by said plural sets of
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output video data are divided periods whereas a period con-
stituted by the divided periods and in which the pixel is driven
by said plural sets of output video data is a unit period, the
generation means may select, as the particular output video
data, a set of output video data corresponding to a divided
period which is closest to a temporal central position of the
unit period, among the divided periods, in a region where
luminance indicated by the input video data is lowest, and
when luminance indicated by the input video data gradually
increases and hence the particular output video data enters the
predetermined range for light display, the generation means
may set the set of video data in that divided period at a value
falling within the range for light display, and may select, as
new particular output video data, a set of output video data in
a divided period which is closest to the temporal central
position of the unit period, among the remaining divided
periods.

[0055] According to the arrangement above, the temporal
barycentric position of the luminance of the pixel in the unit
period is set at around the temporal central position of the unit
period, irrespective of the luminance indicated by the input
video data. On this account, the following problem can be
prevented: on account of a variation in the temporal varycen-
tric position, needless light or shade, which is not viewed in a
still image, appears at the anterior end or the posterior end of
a moving image, and hence the quality of moving images is
deteriorated. It is therefore possible to improve the quality of
moving images.

[0056] Also, in addition to the above, a ratio between the
periods in which the pixel is driven based on said plural sets
of output video data may be set so that a timing to determine
which set of output video data is selected as the particular
output video data is closer to a timing at which a range of
brightness that the pixel can reproduce is equally divided than
a timing at which luminance that the pixel can reproduce is
equally divided.

[0057] According to this arrangement, it is possible to
determine which luminance ofthe output video data is mainly
used for controlling the time integral value of the luminance
ofthe pixel in the periods in which the pixelis driven based on
said plural sets of output video data, with appropriate bright-
ness. On this account, it is possible to further reduce human-
recognizable whitish appearance as compared to a case where
the determination is made at a timing to equally dividing a
range of luminance, and hence the range of viewing angles is
further increased.

[0058] Also, in addition to the above, the driver may be
further provided with correction means which is provided
prior to or subsequent to the generation means, corrects cor-
rection target data which is either the input video data or said
plural output video data, and predicts luminance at which the
pixel reaches at the end of a drive period of the correction
target data, the drive period being a period in which the pixel
is driven based on the corrected correction target data, the
correction means correcting correction target data of a present
time based on a prediction result, among past prediction
results, which indicates luminance that the pixel reaches at
the beginning of'a drive period of the correction target data of
the present time, and predicts luminance at the end of the
drive period of the correction target data of the present time,
at least based on the correction target data of the present time,
among the past prediction results, past correction target data,
and the correction target data of the present time.
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[0059] The luminance at the end of the drive period may be
luminance indicated by the correction target data of the
present time. In this case, although an error occurs to a certain
extent when the response speed of the pixel is slow, an
arrangement for the prediction can be simplified because the
correction target data of the present time can be used as a
prediction result. On the other hand, although an arrangement
for the prediction is complicated as compared to the case
where the correction target data of the present time is used as
a prediction result, luminance at the end can be precisely
predicted even if the response speed of the pixelis slow, when
the prediction is carried out based on at least two of the
followings: past prediction results, past correction target data,
and correction target data of the present time.

[0060] According to the arrangement above, among the
past prediction results, the correction target data of the
present time is corrected based on the prediction result indi-
cating the luminance at which the pixel reaches at the begin-
ning of the drive period of the correction target data of the
present time. It is therefore possible to increase the response
speed of the pixel and increase the types of liquid crystal
display devices which can be driven by the aforesaid driver.
[0061] More specifically, when the pixel is time-shared, the
pixel is required to have a faster response speed than a case of
no time sharing. If the response speed of the pixel is sufficient,
the luminance of the pixel at the end of the drive period of the
present time reaches the luminance indicated by the correc-
tion target data of the present time, even if the correction
target data of the present time is output without referring to
the prediction result. However, if the response speed of the
pixel is insufficient, it is difficult to cause the luminance of the
pixel at the end to reach the luminance indicated by the
correction target data of the present time, if the correction
target data of the present time is output without referring to
the prediction result. On this account, the types of liquid
crystal display devices that the time-sharing driver can drive
are limited in comparison with the case where no time sharing
is performed.

[0062] In this regard. according to the arrangement above,
the correction target data of the present time is corrected in
accordance with the prediction result. On this account, when,
for example, the response speed seems insufficient, a process
in accordance with the prediction result, e.g. increase in the
response speed of the pixel by emphasizing the grayscale
transition, is possible. It is therefore possible to increase the
response speed of the pixel.

[0063] A liquid crystal display device of the present inven-
tion is characterized by comprising any one of the aforesaid
drivers of the liquid crystal display device and a liquid crystal
display device driven by that driver. Therefore, being similar
to the aforesaid driver of the liquid crystal display device, it is
possible to realize a liquid crystal display device which is
brighter, has a wider range of viewing angles, has a faster
response speed, and has improved moving image quality.
[0064] A liquid crystal display device of the present inven-
tion includes a liquid crystal cell in a vertical alignment mode
and a driver which is driven by a normally black mode, and
the liquid crystal display device is characterized in that the
driver performs control so as to: (i) in case where input video
data which is input to a pixel of a liquid crystal panel indicates
luminance lower than a predetermined threshold value, set
luminance of at least one divided periods at luminance falling
within a predetermined range for dark display, and control
luminance of the pixel in the remaining divided periods so as
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to control a time integral value of luminance of the pixel in a
unit period for drive based on the input video data, the divided
periods being generated by dividing the unit period into plural
periods; and (ii) in case where the input video data indicates
luminance higher than the predetermined threshold value, set
luminance of the pixel in at least one of the divided periods at
luminance falling within a predetermined range for light dis-
play, and control luminance of the pixel in the remaining
divided periods so as to control a time integral value of lumi-
nance of the pixel in the unit period, in the control (i), in at
least one of said divided periods, luminance of the pixel being
controlled so as to be luminance other than black, when the
input video data indicates black.

[0065] In this arrangement, being similar to the aforesaid
drive method of the liquid crystal display device, in most
cases, it is possible to provide a period in which luminance of
the pixel is lower than that of the other divided periods, at least
once in each unit period. It is therefore possible to improve the
quality in moving images displayed on the liquid crystal
display device. Also, when light display is performed, lumi-
nance indicated by the input video data increases as lumi-
nance of the pixel in the periods other than the divided period
in which Iuminance is set within the predetermined range for
light display (i.e. the periods other than the light display
period) increases. Therefore a liquid crystal display device
which can perform brighter display can be realized. Also,
according to the arrangement above, being similar to the
aforesaid drive method of the liquid crystal display device,
when the input video data indicates black, luminance other
than black is obtained in at least one of the divided periods. As
a result, the speed to respond to intermediate luminance is
significantly increased as compared to a case where black
display is performed in all divided periods when the input
video data indicates black, and hence the quality in moving
images is significantly improved.

[0066] In addition to the above, the driver may control the
time integral value by increasing or decreasing luminance in
a particular divided period which is particular one of the
remaining divided periods, and may set luminance in the
divided periods other than the particular divided periods
either at a value indicating luminance falling within the pre-
determined range for dark display or at a value indicating
luminance falling within the predetermined range for light
display.

[0067] According to this arrangement, in the divided peri-
ods other than the particular divided period, the luminance of
the pixel is set either at a value indicating luminance falling
within the predetermined range for dark display or at a value
indicating luminance falling within the predetermined range
for light display. It is therefore possible to further prevent
problems such as whitish appearance and widen the range of
viewing angles, as compared to a case where luminance
which is included in neither of the ranges above is obtained in
the divided periods other than the particular divided period.
[0068] Inaddition to the above, in a region where the lumi-
nance indicated by the input video data is lowest, the driver
selects, as the particular divided period, a divided period
which is closest to a temporal central position of the unit
period, among the divided periods, and when luminance indi-
cated by the input video data gradually increases and hence
the luminance of the particular divided period enters the
predetermined range for light display, the driver sets the lumi-
nance of the particular divided period at a value falling within
the range for light display, and selects, as new particular
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divided period, a divided period which is closest to the tem-
poral central position of the unit period, among the remaining
divided period

[0069] According to the arrangement above, the temporal
barycentric position of the luminance of the pixel in the unit
period is set at around the temporal central position of the unit
period, irrespective of the luminance indicated by the input
video data. On this account, the following problem can be
prevented: on account of a variation in the temporal varycen-
tric position, needless light or shade, which is not viewed ina
still image, appears at the anterior end or the posterior end of
a moving image, and hence the quality of moving images is
deteriorated. It is therefore possible to improve the quality of
moving images.

[0070] Inaddition to the above, a ratio between the divided
periods may be set so that a timing to determine which
divided period is selected as the particular divided period is
closerto a timing at which a range of brightness that the pixel
can reproduce is equally divided than a timing at which lumi-
nance that the pixel can reproduce is equally divided.

[0071] According to this arrangement, it is possible to
determine in which sub frame the luminance to be mainly
used for controlling the time integral value of the luminance
of the pixel in the unit time is attained, with appropriate
brightness. On this account, it is possible to further reduce
human-recognizable whitish appearance as compared to a
case where the determination is made at a timing to equally
dividing a range of luminance, and hence the range of viewing
angles is further increased.

[0072] In addition to the above, the liquid crystal display
device may further include image receiving means which
receives television broadcast and sends, to the driver of the
liquid crystal display device, a video signal indicating an
image transmitted by the television broadcast, and the liquid
crystal display device may function as a liquid crystal televi-
sion receiver. Also, in addition to the above, the driver of the
liquid crystal display device may receive a video signal from
outside, and the liquid crystal display device may function as
aliquid crystal monitor device which displays an image indi-
cated by the video signal.

[0073] According to these arrangements, the liquid crystal
display device functions as a liquid crystal television receiver
or a liquid crystal monitor device. On this account, it is
possible to realize a liquid crystal television receiver or a
liquid crystal monitor device which is brighter, has a wider
range of viewing angles, has a faster response speed, and has
improved moving image quality.

[0074] The device for controlling the liquid crystal display
device may be realized by hardware or by causing a computer
to execute a program. More specifically, a program of the
present invention causes a computer, which controls a liquid
crystal display device including a liquid crystal cell which is
in a vertical alignment mode and driven by a normally black
mode, to execute the steps of any one of the aforesaid drive
methods. A storage medium of the present invention stores
this program.

[0075] When sucha program is executed by a computer, the
computer can control the liquid crystal display device in
accordance with the above-described drive method of the
liquid crystal display device. Therefore, being similar to the
aforesaid drive method of the liquid crystal display device, it
is possible to provide a liquid crystal television receiver or a
liquid crystal monitor device which is brighter, has a wider
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range of viewing angles, has a faster response speed, and has
improved moving image quality.

[0076] As described above, according to the present inven-
tion, luminance other than black is attained in at least one of
the divided periods when the input video data indicates black.
On this account, it is possible to provide a liquid crystal
television receiver or a liquid crystal monitor device which is
brighter, has a wider range of viewing angles, has a faster
response speed, and has improved moving image quality. The
present invention can therefore be adopted as a driver of
various liquid crystal display devices such as a liquid crystal
television receiver and a liquid crystal monitor.

[0077] Additional objects, features, and strengths of the
present invention will be made clear by the description below.
Further, the advantages of the present invention will be evi-
dent from the following explanation in reference to the draw-
ings.

BRIEF DESCRIPTION OF DRAWINGS

[0078] FIG. 1 relates to an embodiment of the present
invention and is a block diagram showing the substantial part
of a signal processing circuit in an image display device.
[0079] FIG. 2 is a block diagram showing the substantial
part of the image display device.

[0080] FIG.3(a)isablock diagram showing the substantial
part of a television receiver provided with the foregoing
image display device.

[0081] FIG.3(b)is ablock diagram showing the substantial
part of a liquid crystal monitor device provided with the
foregoing image display device.

[0082] FIG. 41sa circuit diagram showing an example of a
pixel in the image display device.

[0083] FIG. 5 schematically shows a liquid crystal cell in
the image display device, to which no voltage is applied.
[0084] FIG. 6 schematically shows a liquid crystal cell in
the image display device, to which a voltage is applied.
[0085] FIG. 7 is a plan view of the surrounding of a pixel
electrode, and shows an example of the liquid crystal cell.
[0086] FIG. 8 is a graph showing the difference in lumi-
nance between a case where a pixel which is driven in non-
time-sharing fashion is obliquely viewed and a case where
that pixel is viewed head-on.

[0087] FIG. 9 is a graph showing the difference in lumi-
nance between a case where a pixel which is driven in
response to a video signal from the signal processing circuit is
obliquely viewed and a case where that pixel is viewed head-
on.

[0088] FIG. 10 relates to a comparative example and is a
timing chart showing a temporal change in video data input/
output to/from the signal processing section.

[0089] FIG.11 is a graph showing a variation in luminance
in case where the image display device is driven by the signal
processing section.

[0090] FIG.12is atiming chart showing a temporal change
in video data input/output to/from the signal processing sec-
tion of the present embodiment.

[0091] FIG. 13 is a graph showing a variation in brightness
in case where the image display device is driven by the signal
processing section.

[0092] FIG. 14 shows results of evaluations of average
luminance and contrast ratios in black display, while lumi-
nance of a sub frame in dark display is variously changed.
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[0093] FIG. 15 relates to a comparative example and is a
block diagram in which a gamma correction circuit is pro-
vided on the stage prior to a modulation processing section in
the signal processing circuit.

[0094] FIG. 16 shows an example of the modulation pro-
cessing section in the signal processing circuit of the embodi-
ment and is a block diagram showing the substantial part of
the modulation processing section.

[0095] FIG. 17 is a graph in which the luminance in the
graph of FIG. 14 is converted to brightness.

[0096] FIG. 18 illustrates a video signal supplied to the
frame memory shown in FIG. 1 and video signals supplied
from the frame memory to a first LUT and a second LUT.
[0097] FIG. 19 relates to the embodiment and illustrates
timings to turn on scanning signal lines in relation to a first
display signal and a second display signal, in case where a
frame is divided into 3:1.

[0098] FIG. 20 is a graph showing relations between
planned brightness and actual brightness in case where a
frame is divided into 3:1.

[0099] FIG. 21(a) illustrates a method of reversing the
polarity of an interelectrode voltage in each frame.

[0100] FIG. 21(b) illustrates another method of reversing
the polarity of an interelectrode voltage in each frame.
[0101] FIG. 22(a) is provided for illustrating the response
speed of liquid crystal and shows a voltage applied to liquid
crystal in one frame, in case where an intermediate luminance
display signal reproduces an image.

[0102] FIG. 22(b) is provided for illustrating the response
speed of liquid crystal and shows an interelectrode voltage.
[0103] FIG. 22(c) is provided for illustrating the response
speed of liquid crystal, and shows an interelectrode voltage
when the response speed of the liquid crystal is low.

[0104] FIG. 23 is a graph showing the display luminance
(relations between planned luminance and actual luminance)
of a display panel when sub frame display is carried out by
using liquid crystal with low response speed.

[0105] FIG. 24(a) is a graph showing the luminance gener-
ated in a first sub frame and a second sub frame, when the
display luminance is % and ¥4 of Lmax.

[0106] FIG. 24(b) is a graph showing transition of a liquid
crystal voltage in case where the polarity of the voltage (lig-
uid crystal voltage) applied to liquid crystal is changed in
each sub frame.

[0107] FIG. 25(a) illustrates a method of reversing the
polarity of an interelectrode voltage in each frame, and shows
a case where voltages of both polarities are applied in one
frame.

[0108] FIG. 25(b) illustrates a method of reversing the
polarity of an interelectrode voltage in each frame, and shows
a case where the polarity of the liquid crystal voltage is
opposite between two sub frames in one frame, and the sec-
ond sub frame and the first sub frame of the directly subse-
quent frame have the same polarity.

[0109] FIG. 26(a) is an explanatory drawing of four sub
pixels in a liquid crystal panel and polarities of liquid crystal
voltages of the respective pixels.

[0110] FIG. 26(b) is another explanatory drawing of four
sub pixels in a liquid crystal panel and polarities of liquid
crystal voltages of the respective pixels.

[0111] FIG. 26(c) is another explanatory drawing of four
sub pixels in a liquid crystal panel and polarities of liquid
crystal voltages of the respective pixels.
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[0112] FIG. 26(d) is another explanatory drawing of four
sub pixels in a liquid crystal panel and polarities of liquid
crystal voltages of the respective pixels.

[0113] FIG. 27 illustrates a liqud crystal panel which is
driven based on pixel division.

[0114] FIG. 28(a) is a graph showing a voltage (liquid
crystal voltage) applied to the liquid crystal capacity of a
partial pixel when a positive (ZVcom) display signal is
applied to a source line S, and illustrates a case where an
auxiliary signal on an auxiliary capacity line CS1 rises.
[0115] FIG. 28(b) is a graph showing a voltage (liquid
crystal voltage) applied to the liquid crystal capacity of a
partial pixel when a negative (=Vcom) display signal is
applied to a source line S, and illustrates a case where an
auxiliary signal on an auxiliary capacity line CS1 falls.
[0116] FIG. 28(c) is a graph showing a voltage (liquid
crystal voltage) applied to the liquid crystal capacity of a
partial pixel when a positive (ZVcom) display signal is
applied to a source line S, and illustrates a case where an
auxiliary signal on an auxiliary capacity line CS2 falls.
[0117] FIG. 28(d) is a graph showing a voltage (liquid
crystal voltage) applied to the liquid crystal capacity of a
partial pixel when a negative (=Vcom) display signal is
applied to a source line S, and illustrates a case where an
auxiliary signal on an auxiliary capacity line CS2 rises.
[0118] FIG. 29 is a graph showing relations between the
transmittance and an applied voltage in a liquid crystal panel
21 at two different viewing angles (0° (head-on) and 60°),
when pixel division drive is not carried out.

[0119] FIG. 30(a) is a graph showing a variation of liquid
crystal voltage (for one pixel) in case where sub frame display
is carried out while the polarity of liquid crystal voltage is
reversed in each frame.

[0120] FIG. 30(d) is a graph showing a liquid crystal volt-
age in a partial pixel (light pixel) whose luminance increases
in the pixel division drive.

[0121] FIG. 30(c) is a graph showing a liquid crystal volt-
age in a partial pixel (dark pixel) whose luminance decreases
in the pixel division driving.

[0122] FIG. 31(a) is a graph showing the luminance of the
light pixel of FIG. 30(5).

[0123] FIG. 31(d) is a graph showing the luminance of the
dark pixel of FIG. 30(c).

[0124] FIG. 32(a) is a graph showing the luminance of the
light pixel in case where polarity reversal is carried out in each
frame.

[0125] FIG. 32(d) is a graph showing the luminance of the
dark pixel in case where polarity reversal is carried out in each
frame.

[0126] FIG. 33 is a graph showing (i) results (dotted line
and full line) of image display by a combination of sub frame
display, polarity reversal drive and pixel division drive and (i)
results (dashed line and full line) of normal hold display.
[0127] FIG. 34(a) is a graph showing the luminance of a
light pixel in case where polarity reversal is carried out in a
sub frame cycle.

[0128] FIG. 34(b) is a graph showing the luminance of a
dark pixel in case where polarity reversal is carried out in a
sub frame cycle.

[0129] FIG. 35 is a graph showing (i) results (dotted line
and full line) of image display by diving a frame into three
equal sub frames and (ii) results (dashed line and full line) of
normal hold display.
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[0130] FIG. 36 is a graph showing the transition of a liquid
crystal voltage in case where a frame is divided into three and
voltage polarity is reversed in each frame.

[0131] FIG. 37 is a graph showing the transition of a liquid
crystal voltage in case where a frame is divided into three and
voltage polarity is reversed in each sub frame.

[0132] FIG. 38 is a graph showing relations (actual mea-
surement values of viewing angle grayscale properties)
between a signal grayscale (%; luminance grayscale of a
display signal) of a signal supplied to the display section and
an actual luminance grayscale (%), in a sub frame with no
luminance adjustment.

[0133] FIG. 39 relates to another embodiment of the
present invention and is a block diagram showing the sub-
stantial part of a signal processing circuit.

[0134] FIG. 40 shows an example of a modulation process-
ing section in the signal processing circuit and is a block
diagram showing the substantial part of the modulation pro-
cessing section.

[0135] FIG. 41 is a timing chart showing how the signal
processing circuit operates.

[0136] FIG. 42 shows another example of the modulation
processing section in the signal processing circuit and is a
block diagram showing the substantial part of the modulation
processing section.

[0137] FIG. 43 is a timing chart showing how the signal
processing circuit operates.

[0138] FIG. 44 relates to a variant example and is a block
diagram showing the substantial part of the modulation pro-
cessing section.

[0139] FIG. 45 relates to another variant example and is a
block diagram showing the substantial part of the modulation
processing section.

[0140] FIG. 46 relates to another example of the liquid
crystal cell and is an oblique view showing a pixel electrode.
[0141] FIG. 47 relates to a further example of the liquid
crystal cell and is a plan view showing the surrounding of a
pixel electrode.

[0142] FIG. 48 shows yet another example of the liquid
crystal cell and is an oblique view showing a pixel electrode.
[0143] FIG. 49 shows still another example of the liquid
crystal cell and is an oblique view showing a pixel electrode
and an opposing electrode.

[0144] FIG. 50 shows still another example of the liquid
crystal cell and is a plan view showing a pixel electrode.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

[0145] The following will describe an embodiment of the
present invention with reference to FIGS. 1-38. An image
display device of the present embodiment is a liquid crystal
display device which is brighter, has a wider range of viewing
angles, has a faster response speed, and can improve the
quality of moving images, because luminance is controlled so
as not to be black in at least one of divided periods (e.g. sub
frames) even if input video data indicates black. The image
display device of the present embodiment may be suitably
used as, for example, an image display device of a television
receiver. Examples of television broadcasts that the television
receiver can receive include terrestrial television broadcast,
satellite broadcasts such as BS (Broadcasting Satellite) digi-
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tal broadcast and CS (Communication Satellite) digital
broadcast, and cable television broadcast.

[0146] Theoverall arrangement of the image display device
of the present embodiment will be briefed, before discussing
a signal processing circuit for setting the luminance not to be
black in at least one of sub frames even if input video data
indicates black.

[0147] A panel 11 of the image display device (display
device) 1 can display color images in such a manner that, for
example, one pixel is constituted by three sub pixels corre-
sponding to R, G, and B, respectively, and the luminance of
each sub pixel is controlled. The panel 11 includes, for
example, as shown in FIG. 2, a pixel array (display section) 2
having sub pixels SPIX (1, 1) to SPIX (n, m) provided in a
matrix mannet, a data signal line drive circuit 3 which drives
data signal lines SL1-SLn on the pixel array 2, and a scanning
signal line drive circuit 4 which drives scanning signal lines
GL1-GLm on the pixel array 2. The image display device1 is
also provided with a control circuit 12 which supplies control
signals to the drive circuits 3 and 4; and a signal processing
circuit 21 which generates, based on a video signal DAT
supplied from a video signal source VS, a video signal DAT?2
which is supplied to the control circuit 12. These circuits
operate thanks to power supply from a power source circuit
13. In the present embodiment, furthermore, one pixel PIX is
constituted by three sub pixels SPIX which are provided
side-by-side along the scanning signal lines GL1-GLm. It is
noted that the sub pixel SPIX (1, 1) and the subsequent pixels
correspond to the pixels in claims.

[0148] Any type of device may be used as the video signal
source VS on condition that the video signal DAT can be
generated. An example of the video signal source VS in case
where a device including the image display device 1 1s a
television receiver is a tuner (image receiving means) which
receives television broadcast so as to generate images of that
television broadcast. In such a case, the video signal source as
a tuner selects a channel of a broadcast signal, and sends a
television video signal of the selected channel to the signal
processing circuit 21. In response, the signal processing cir-
cuit 21 generates a video signal DAT2 after signal processing
based on the television video signal. In case where a device
including the video display device 1is a liquid crystal monitor
device, the video signal source VS may be a personal com-
puter, for example.

[0149] More specifically, in case where the image display
device 1 is included in a television receiver 1004, the televi-
sion receiver 100q includes the video signal source VS and
the image display device 1 and, as shown in FIG. 3(a), the
video signal source VS receives a television broadcast signal,
for example. This video signal source VS is further provided
with atuner section TS which selects achannel with reference
to the television broadcast signal and outputs, as a video
signal DAT, a television video signal of the selected channel.
[0150] On the other hand, in case where the image display
device 1 is included in a liquid crystal monitor device 100,
the liquid crystal monitor device 1005 includes, as shown in
FIG. 3(b), a monitor signal processing section 101 which
outputs, for example, a video monitor signal from a personal
computer or the like, as a video signal supplied to the liquid
crystal panel 11. The signal processing circuit 21 or the con-
trol circuit 12 functions as the monitor signal processing
section 101, or the monitor signal processing section 101 may
be provided at the stage prior to or subsequent to the signal
processing circuit 21 or the control circuit 12.
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[0151] 1In the descriptions below, a number or alphabet is
added such as the i-th data signal line SLi only when it is
required to specify the position, for convenience’ sake. When
it is unnecessary to specify the position or when a collective
term is shown, the number or alphabet is omitted.

[0152] The pixel array 2 has plural (in this case, n) data
signal lines SL1-SLn and plural (in this case, m) scanning
signal lines GL1-GLm which intersect with the respective
data signal lines SL1-SLn. Assuming that an arbitrary integer
from 1 to n is i whereas an arbitrary integer from 1 to m is j,
asub pixel SPIX (i, ) is provided at the intersection of the data
signal line SLi and the scanning signal line GLjj.

[0153] Inthe present embodiment, a sub pixel SPIX (i, j) is
surrounded by two adjacent data signal lines SL (i-1) and SLi
and two adjacent scanning signal lines GL, (j-1) and GL,;.

[0154] The sub pixel SPIX (i, j) is, for example as shown in
FIG. 4, provided with: as a switching element, a field-effect
transistor SW (i, j) whose gate is connected to the scanning
signal line GLj and whose source is connected to the data
signal line SLj; and a pixel capacity Cp (i, j), one of whose
electrodes is connected to the drain of the field-effect transis-
tor SW (i, j). The other electrode of the pixel capacity Cp (i, j)
is connected to the common electrode line which is shared
among all sub pixels SPIX.

[0155] The pixel capacity Cp (i, j) is constituted by a liquid
crystal capacity CL (i, j) and an auxiliary capacity Cs (i, j)
which is added as necessity arises.

[0156] In the above-described sub pixel SPIX (i, j), the
field-effect transistor SW (i, j) is switched on in response to
the selection of the scanning signal line GLj, and a voltage on
the data signal line SLi is supplied to the pixel capacity Cp (i,
j)- On the other hand, while the selection of the scanning
signal line GLj ends and the field-effect transistor SW (i, I) is
turned off, the pixel capacity Cp (i, j) keeps the voltage before
the turnoff. The transmittance or reflectance of liquid crystal
varies in accordance with a voltage applied to the liquid
crystal capacity CL (i, ). It is therefore possible to change the
display state of the sub pixel SPIX (i, j) in accordance with
video data for the sub pixel SPIX (i, j), by selecting the
scanning signal line GLj and supplying, to the data signal line
SL4i, a voltage corresponding to the video data.

[0157] The image display device 1 of the present embodi-
ment adopts a liquid crystal cell in a vertical alignment mode,
i.e. a liquid crystal cell which is arranged such that liquid
crystal molecules with no voltage application are aligned to
be substantially vertical to the substrate, and the vertically-
aligned liquid crystal molecules tilt in accordance with the
voltage application to the liquid crystal capacity CL (i, j) of
the sub pixel SPIX (i, x). The liquid crystal cell in the present
embodiment is in normally black mode.

[0158] More specifically, as shown in FIG. 5, the pixel array
2 of the present embodiment is arranged such that a vertically-
aligned (VA) liquid crystal cell (liquid crystal display device)
111 is sandwiched between polarization plates 112 and 113.
[0159] The liquid crystal cell 111 includes: a TFT (Thin
Film Transistor) substrate 111a with pixel electrodes 121a
corresponding to the respective sub pixels SPIX; an opposing
substrate 1115 with an opposing electrode 1215; and a liquid
crystal layer 111¢ which is sandwiched between the sub-
strates 111a and 1115 and is made of negative dielectric
anisotropic nematic liquid crystal. The image display device
1 of the present embodiment can display color images, and
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hence the opposing substrate 1115 is provided with color
filters (not illustrated) corresponding to the respective colors
of the sub pixels SPIX.

[0160] The TFT substrate 111a is further provided with a
vertical alignment film 122« on the liquid crystal layer 111¢
side. Similarly, on the liquid crystal layer 111c¢ side of the
opposing substrate 1115, a vertical alignment film 122b is
provided. Therefore, when no voltage is applied to the space
between the electrodes 121a and 1215, the liquid crystal
molecules M in the liquid crystal layer 111¢ between the
substrates 111a and 1115 are aligned to be substantially ver-
tical to the surfaces of the substrates 111a and 1114.

[0161] On the other hand, when a voltage is applied to the
space between the electrodes 121a and 1215, the liquid crys-
tal molecules M which are in parallel to the normal of the
substrates 111a and 1115 (when no voltage is applied) tilt so
as to have an angle in accordance with the applied voltage (see
FIG. 6). Since the substrates 111a and 1115 oppose to one
another, the normal and in-plane direction of each substrate
will be simply referred to as normal and in-plane direction,
unless required to make distinction.

[0162] The liquid crystal cell 111 of the present embodi-
ment has multi-domain alignment. Each of the sub pixels
SPIX is therefore divided into plural domains, and the orien-
tation, i.e. the direction (in-plane component of the orienta-
tion) of the tilt of the liquid crystal molecules M with voltage
application is different among the domains.

[0163] More specifically, as shown in FIG. 7, the pixel
electrode 121a has striped protrusions 123a each of which is
angled upwards in cross section and zigzagged with substan-
tially right angles in plane. On the other hand, the opposing
electrode 1215 has striped slits (openings where no electrode
is formed) each of which is zigzagged with substantially right
angles in plane. The distance between each pair of protrusion
123a and slit 1235 is predetermined. The protrusions 123a are
formed by applying photosensitive resin to the pixel electrode
121a and processing the same by photolithography. The elec-
trodes 121a and 1215 are formed in such a manner that ITO
(Indium Tin Oxide) films are formed on the respective sub-
strates 111a and 1115, photo resist is applied thereon, elec-
trode patterns are exposed to light and developed, and the
patterns are etched. The slits 1235 are formed by carrying out
patterning with the exception of the parts to be the slits 1235,
when the opposing electrode 1215 is formed.

[0164] Around the protrusions 123a, liquid crystal mol-
ecules are aligned so as to be vertical to the inclined surfaces
of the protrusions 123a. With voltage application, an electric
field around each of the protrusions 123a tilts so as to be in
parallel to the inclined surface of the protrusion 1234. Since
the liquid crystal molecules tilt so that the longitudinal axes
thereof are vertical to the electric field, the liquid crystal
molecules are aligned so as to be oblique to the substrate
surface. Moreover, on account of the continuity of liquid
crystal, the liquid crystal molecules remote from the inclined
surfaces of the protrusions 123a are aligned in the same
manner as those around the inclined surfaces.

[0165] In a similar manner, in a region around the edge
(border between the slit 1235 and the opposing electrode
1215) of the slit 1235, an electric field tilted with respect to the
substrate surface is formed when a voltage is applied. On this
account, the liquid crystal molecules are aligned so as to be
oblique to the substrate surface. In addition, on account of the
continuity of liquid crystal, the liquid crystal molecules
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remote from the region around the edge are aligned in the
same manner as those around the edge.

[0166] Because of the above, provided that a part between
two corners C is termed line part in the protrusions 123a and
the slits 1235, the in-plane component of the orientation of
liquid crystal molecules with voltage application is identical
with the in-plane component of the direction from the line
section [L123a of the protrusion 123a to the line part L1235 of
the slit 1235.

[0167] Each of the protrusions 123a and the slits 1235
curves at a corner C at a substantially right angle. On this
account, the liquid crystal molecules have four different ori-
entations in one sub pixel SPIX, and hence one sub pixel
SPIX has domains D1-D4 each having different orientation of
liquid crystal molecules.

[0168] On the polarization plates 112 and 113 shown in
FIG. 5, an absorption axis AA112 of the polarization plate
112 and an absorption axis AA113 of the polarization plate
113 are provided so as to be orthogonal to one another (see
FIG. 7). The polarization plates 112 and 113 are arranged so
that the absorption axes AA112 and AA113 form an angle of
45° with the in-plane components of the orientations of the
liquid crystal molecules in the domains D1-D4, when a volt-
age is applied (see FIG. 7). As an example of the absorption
axes AA112 and AA113 orthogonal to one another, FIG. §
shows that the absorption axis AA112 is in parallel to the
paper whereas the absorption axis AA113 is orthogonal to the
paper. Alternatively, these axes may be rotated for 90° so that
the absorption axis AA112 is orthogonal to the paper whereas
the absorption axis AA113 is in parallel to the paper.

[0169] Inthe above-described pixel array 2, while a voltage
is applied to the pixel electrode 1214 and the opposing elec-
trode 1215, the liquid crystal molecules in the liquid crystal
cell 111 are, as shown in FIG. 6, tilt for an angle in accordance
with the voltage, with respect to the normal of the substrates.
Light passing through the liquid crystal cell 111 therefore has
a phase difference corresponding to the voltage.

[0170] The absorption axes AA112 and AA113 of the
polarization plates 112 and 113 are arranged so as to be
orthogonal to one another. For this reason, the light entering
the outgoing-side polarization plate (112, for example) is
elliptically-polarized light with the phase difference caused
by the liquid crystal cell 111, and a part of this incoming light
passes through the polarization plate 112. As a result, an
amount of light outgoing from the polarization plate 112 is
controllable in accordance with the applied voltage, and
hence grayscale display is achieved.

[0171] Furthermore, in the liquid crystal cell 111, the
domains D1-D4 having different orientations of liquid crystal
molecules are formed in each sub pixel. On this account, in
case where the liquid crystal cell 111 is viewed in the direc-
tion in parallel to the orientation of liquid crystal molecules in
one domain (e.g. D1) and the liquid crystal molecules do not
give a phase difference to passing light, the liquid crystal
molecules in the remaining domains (D2-D4 in this case) give
a phase difference to the passing light. On this account, these
domains can optically compensate one another. In this way
the quality of image display when the liquid crystal cell 111 is
obliquely viewed is improved and the range of viewing angles
is increased.

[0172] On the other hand, while no voltage is applied to the
pixel electrode 121a and the opposing electrode 1215, the
liquid crystal molecules of the liquid crystal cell 111 are
vertically aligned as shown in FIG. 5. In this state (no voltage
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application), the light entering the liquid crystal cell 111 in
the normal direction does not obtain a phase difference by the
liquid crystal molecules, and passes through the liquid crystal
cell 111 with the polarization state of the light being main-
tained. As a result, the light entering the outgoing-side polar-
ization plate (112, for example) is linearly-polarized light.
Since this linearly-polarized light is substantially in parallel
to the absorption axis AA112 of the polarization plate 112, it
cannot pass through the polarization plate 112. The pixel
array 2 therefore displays black in this case.

[0173] In this way, in the pixel array 2 of the present
embodiment, a voltage is applied to the pixel electrode 121a
and the opposing electrode 1215 so that an electric field
oblique to the substrate surface is generated and hence the
liquid crystal molecules are obliquely aligned. As a result, the
transmittance of each sub pixel SPIX is changeable in accor-
dance with the level of voltage applied to the pixel electrode
121a, with the result that grayscale display is achieved.
[0174] In the arrangement above, the scanning signal line
drive circuit 4 shown in FIG. 2 outputs, to each of the scan-
ning signal lines GL1-GLm, a signal indicating whether the
signal line is selected, for example a voltage signal. Also, the
scanning signal line driver circuit 4 determines a scanning
signal line GLj to which the signal indicating the selection is
supplied, based on a timing signal such as a clock signal GCK
and a start pulse signal GSP supplied from the control circuit
12, for example. The scanning signal lines GL1-GLm are
therefore serially selected at predetermined timings.

[0175] As video signals, the data signal line drive circuit 3
extracts sets of video data which are supplied in a time-
sharing fashion to the respective sub pixels SPIX, by, for
example, sampling the sets of data at predetermined timings.
Also, the data signal line drive circuit 3 outputs, to the respec-
tive sub pixels SPIX (1, j) to SPIX (n, j) corresponding to the
scanning signal line GLI being selected by the scanning sig-
nal line drive circuit 4, output signals corresponding to the
respective sets of video data. These output signals are sup-
plied via the data signal lines SL1-SLn.

[0176] The data signal line drive circuit 3 determines the
timings of sampling and timings to output the output signals,
based on a timing signal such as a clock signal SCK and a start
pulse signal SSP.

[0177] Inthe meanwhile, while the corresponding scanning
signal line GLj is being selected, the sub pixels SPIX (1, j) to
SPIX (n,j) adjust the luminance, transmittance and the like of
light emission based on the output signals supplied to the data
signal lines SL1-SLn corresponding to the respective sub
pixels SPIX (1, ) to SPTX (n, j), so that the brightness of each
sub pixel is determined.

[0178] Since the scanning signal line drive circuit 4 serially
selects the scanning signal lines GL1-GLm, the sub pixels
SPIX (1, 1) to SPIX (n, m) constituting the entire pixels of the
pixel array 2 are set so as to have brightness (grayscale)
indicated by the video data. An image displayed on the pixel
array 2 is therefore refreshed.

[0179] The video data D supplied to each sub pixel SPIX
may be a grayscale level or a parameter for calculating a
grayscale level, on condition that the grayscale level of each
sub pixel SPIX can be specified. In the following description,
the video data D indicates a grayscale level of a sub pixel
SPIX, as an example.

[0180] Inthe image display device 1, the video signal DAT
supplied from the video signal source VS to the signal pro-
cessing circuit 21 may be an analog signal or a digital signal,
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as described below. Also, a single video signal DAT may
correspond to one frame (entire screen) or may correspond to
each of fields by which one frame is constituted. In the fol-
lowing description, for example. a digital video signal DAT
corresponds to one frame.

[0181] The video signal source VS of the present embodi-
ment transmits video signals DAT to the signal processing
circuit 21 of the image display device 1 via the video signal
line VL. In doing so, video data for each frame is transmitted
in a time-sharing fashion, by, for example, transmitting video
data for the subsequent frame only after all of video data for
the current frame have been transmitted.

[0182] The aforesaid frame is constituted by plural hori-
zontal lines. In the video signal line VL, for example, video
data of the horizontal lines of each frame is transmitted in a
time-sharing manner such that data of the subsequent line is
transmitted only after all video data of the current horizontal
line is transmitted. The video signal source VS drives the
video signal line VL in a time-sharing manner, also when
video data for one horizontal line is transmitted. Sets of video
data are serially transmitted in predetermined order.

[0183] Sets of video data are required to allow a set of video
data D supplied to each sub pixel to be specified. That is to
say, sets of video data D may be individually supplied to the
respective sub pixels and the supplied video data D may be
used as the video data D supplied to the sub pixels. Alterna-
tively, sets of video data D may be subjected to a data process
and then the data as a result of the data process may be
decoded to the original video data D by the signal processing
circuit 21. In the present embodiment, for example, sets of
video data (e.g. RGB data) indicating the colors of the pixels
are serially transmitted, and the signal processing circuit 21
generates, based on these sets of video data for the pixels, sets
of video data D for the respective sub pixels. For example, in
case where the video signal DAT conforms to XGA (eX-
tended Graphics Array), the transmission frequency (dot
clock) of the video data for each pixel is 65 (MHz).

[0184] In the meanwhile, the signal processing circuit 21
subjects the video signal DAT transmitted via the video signal
line V1 to a process to emphasize grayscale transition, a
process of division into sub frames, and a gamma conversion
process. As a result, the signal processing circuit 21 outputs a
video signal DAT?2.

[0185] The video signal DAT2 is constituted by sets of
video data after the processes, which are supplied to the
respective sub pixels. A set of video data supplied to each sub
pixel in a frame is constituted by sets of video data supplied to
each sub pixel in the respective sub frames. In the present
embodiment, the sets of video data constituting the video
signal DAT?2 are also supplied in a time-sharing fashion.
[0186] More specifically, to transmit the video signal
DAT?2, the signal processing circuit 21 transmits sets of video
data for respective frames in a time-sharing fashion in such a
manner that, for example, video data for a subsequent frame
is transmitted only after all video data for a current frame is
transmitted. Each frame is constituted by plural sub frames.
The signal processing circuit 21 transmits video data for sub
frames in a time-sharing fashion, in such a manner that, for
example, video data fora subsequent sub frame is transmitted
only after all video data for a current sub frame is transmitted.
Similarly, video data for the sub frame is made up of plural
sets of video data for horizontal lines. Each set of video data
for a horizontal line is made up of sets of video data for
respective sub pixels. Furthermore, to send video data for a
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sub frame, the signal processing circuit 21 sends sets of video
data for respective horizontal lines in a time-sharing fashion
in such a manner that, for example, video data for a subse-
quent horizontal line is transmitted only after all video data
for a current horizontal line is transmitted. To send sets of
video data for respective horizontal lines, for example, the
signal processing circuit 21 serially sends the sets of video
data for respective sub pixels, in a predetermined order.
[0187] The following will describe a case where a process
of division into sub frames and a gamma conversion process
are carried out after emphasizing grayscale transition. It is
noted that the grayscale transition emphasizing process may
be carried out later as described below.

[0188] That is to say, as shown in FIG. 1, the signal pro-
cessing circuit 21 of the present embodiment includes: a
modulation processing section (correction means) 31 which
corrects a video signal DAT so as to emphasize grayscale
transition in each sub pixel SPIX and outputs a video signal
DATo as a result of the correction; and a sub frame processing
section 32 which performs division into sub frames and
gamma conversion based on the video signal DATo and out-
puts the above-described corrected video signal DAT2. The
image display device 1 ofthe present embodiment is provided
with R, G, and B sub pixels for color image display and hence
the modulation processing section 31 and the sub frame pro-
cessing section 32 are provided for each of R, G, and B. These
circuits 31 and 32 for the respective colors are identically
constructed irrespective of the colors, except video data D (i,
J» k) to be input. The following therefore only deals with the
circuits for R, with reference to FIG. 1.

[0189] As detailed later, the modulation processing section
31 corrects each set of video data (video data D (i, j, k) in this
case) for each sub pixel, which datais indicated by a supplied
video signal, and outputs a video signal DATo constituted by
corrected video data (video data Do (3, j, k) in this case). In
FIG. 1 and also in below-mentioned FIGS. 15, 16, 39, 40,42,
44, and 45, only video data concerning a particular sub pixel
SPIX (i, ]) is illustrated. It is also noted that a sign such as (i,
J) indicating a position is not suffixed to the video data, e.g.
video data Do (k).

[0190] In the meanwhile, the sub frame processing section
32 divides one frame period into plural sub frames, and gen-
erates, based on video data Do (i, j, k) of a frame FR (k), sets
of video data S (i, j, k) for the respective sub frames of the
frame FR (k).

[0191] Inthe present embodiment, for example, one frame
FR (k) is divided into two sub frames, and for each frame, the
sub frame processing section 32 outputs sets of video data
Sol (i, j, k)and So2 (i, j, k) for the respective sub frames based
on the video data Do (i, . k) of the frame (e.g. FR (k)).
[0192] The following assumes that, sub frames constituting
a frame FR (k) are termed SFR1 (k) and SFR2 (k) which are
temporally in this order, and the signal processing circuit 21
sends video data for the sub frame SFR2 (k) after sending
video data for the sub frame SFR1 (k). The sub frame SFR1
(k) corresponds to video data Sol (i, j, k) whereas the sub
frame SFR2 (k) corresponds to video data So2 (i, J, k). It is
possible to optionally determine a time period from the input
of video data D (i, j, k) of a frame FR (k) to the signal
processing circuit 21 to the application of a voltage corre-
sponding to the video data D (j, j, k) to the sub pixel SPIX (i,
1)- Irrespective of the length of this time period, the following
(1), (ii), and (iii) are assumed to correspond to the same frame
FR (k): (i) videodata D (i,], k) of a frame FR (k); (ii) data (sets
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of corrected data Sol (i, j, k) and SO2 (i, j, k)) after the
grayscale transition emphasizing process, frame division pro-
cess, and gamma correction process; and (iii) voltages (V1 (i,
J, k)and V2 (i, j, k)) corresponding to the corrected data. Also,
a period corresponding to these sets of data and voltages is
termed frame FR (k). These sets of data, the voltages, and the
frame have the same frame number (k, for example).

[0193] To be more specific, the period corresponding to the
sets of data and the voltages is one of the following periods: a
period from the input of video data D (1, j, k) of a frame FR (k)
to the sub pixel SPIX (i, j) to the input of video data D (i, j,
k+1) of the next frame FR (k+1); a period from the output of
the first one of (in this case, Sol (i, j, k)) the sets of corrected
data Sol (i, j, k) and So2 (i, j, k) which are produced by
conducting the aforesaid processes with respect to the video
data D (i, j, k) to the output of the first one of (in this case, Sol
(i, J, k+1)) the sets of corrected data Sol (i, j, k+1) and So2 (i,
J, k+1) which are produced by conducting the aforesaid pro-
cesses with respect to the video data D (i, j, k+1); and a period
from the application of a voltage V1 (i, j, k) to the sub pixel
SPIX (i,j) in accordance with the video data SO1 (i, j, k) tothe
application of a voltage V1 (i, j, k+1) to the sub pixel SPIX (i,
J» k+1) in accordance with the next video data So1 (i, j, k+1).
[0194] To simplify the description, when collectively
termed, the suffixed number indicating the number of a sub
frameis omitted from a sub frame and video data and voltages
corresponding thereto, e.g. sub frame SFR (x). In such a case,
sub frames SFR1 (k) and SFR2 (k) are termed as sub frames
SFR (x) and SFR (x+1).

[0195] The aforesaid sub frame processing section 32
includes: a frame memory 41 which stores video data D for
one frame, which is supplied to each sub pixel SPIX; a lookup
table (LUT) 42 which indicates how video data corresponds
to video data Sol for a first sub frame; an LUT 43 which
indicates how video data corresponds to video data So2 fora
second sub frame; and a control circuit 44 which controls the
aforesaid members. It is noted that the LUTs 42 and 43
correspond to storage means in claims, whereas the control
circuit 44 corresponds to generation means in claims.
[0196] The control circuit 44 can write, once in each frame,
sets of video data D (1, 1, k) to D (n, m, k) of the frame (e.g.
FR (k)) into the frame memory 41. Also, the control circuit 44
can read out the sets of video data D (1, 1, k) to D (n, m, k)
from the frame memory 41. The number of times the control
circuit 44 can read out in each frame corresponds to the
number of sub frames (2 in this case).

[0197] In association with possible values of the sets of
video data D (1, 1,k) to D (n, m, k) thus read out, the LUT 42
stores values indicating sets of video data Sol each of which
is output when the video data D has the corresponding value.
Similarly, in association with the possible values, the LUT 43
stores values indicating sets of video data So2 each of which
is output when the video data D has the corresponding value.
[0198] Referring to the LUT 42, the control circuit 44 out-
puts video data Sol (j, j, k) corresponding to the video data D
(1,j. k) thus read out. Also, referring to the LUT 43, the control
circuit 44 outputs video data So2 (i, j, k) corresponding to the
video data D (i, j, k) thus read out. The values stored in the
LUTs 42 and 43 may be differences from the possible values,
on condition that the sets of video data Sol and So2 can be
specified. In the present embodiment, the values of the sets of
video data Sol and So2 are stored, and the control circuit 44
outputs, as sets of video data Sol and So2, the values read out
from the LUTs 42 and 43.
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[0199] The values stored in the LUTSs 42 and 43 are set as
below, assuming that a possible value is g whereas stored
values are P1 and P2. Although the video data So1 for the sub
frame SFR1 (k) may be set so as to have higher luminance, the
following assumes that the video data SO2 for the sub frame
SFR2 (k) has higher luminance than the video data Sol.
[0200] Incasewhere g indicates a grayscale not higher than
a predetermined threshold (i.e. indicates luminance not
higher than the luminance indicated by the threshold), the
value P1 falls within a range determined for dark display,
whereas the value P2 is set so as to correspond to the value P1.
The upper limit of the range for dark display is a grayscale
determined in advance for dark display, whereas the lower
limit of the range is higher than the grayscale indicating the
minimum luminance (i.e. black). It is noted that the upper and
lower limits are included in the aforesaid range. The prede-
termined grayscale for dark display is preferably set so that
below-mentioned whitish appearance is restrained to a
desired amount or below.

[0201] On the other hand, in case where g indicates a gray-
scale higher than a predetermined threshold (i.e. indicates
higher luminance than the luminance indicated by the thresh-
old), the value P2 is set so as to fall within a predetermined
range for light display whereas the value P1 is set so as to
correspond to the value P2 and the value g. The range for light
display is not lower than a grayscale for light display, which
is determined in advance. If the grayscale determined in
advance for light display indicates the maximum luminance
(white), the range is at the grayscale with the maximum
luminance (i.e. white). The predetermined grayscale is pref-
erably set so that whitish appearance is restrained to a desired
amount or below.

[0202] As a result, in case where the video data D (J, j, k)
supplied to the sub pixel SPIX (i, j) in a frame (FR (k)
indicates a grayscale not higher than the aforesaid threshold,
i.e., in a low luminance region, the magnitude of the lumi-
nance of the sub pixel SPIX (i, j) in the frame FR (k) mainly
depends on the magnitude of the value P2. On this account,
the state of the sub pixel SPIX (i, j) is dark display, at least in
the sub frame SFR1 (k) in the frame FR (k). Therefore, in case
where the video data D (1, J, k) in a frame indicates a grayscale
in a low luminance region, the sub pixel SPIX (i, j) in the
frame FR (k) can simulate impulse-type light emission typi-
fied by CRTs, and hence the quality of moving images on the
pixel array 2 is improved.

[0203] In case where the luminance of the video data D (j,
J» k) supplied to the sub pixel PIX (i) in a frame FR (k) is
higher than the aforesaid threshold, i.e., in a high luminance
region, the magnitude of the luminance of'the sub pixel SPIX
(i,]) in the frame FR (k) mainly depends on the magnitude of
the value P1. Therefore, in comparison with the arrangement
in which the luminances of the respective sub frames SFR1
(k) and SFR2 (k) are substantially equal, it is possible to
greatly differentiate the luminance of the sub pixel SPIX (i, j)
in the sub frame SFR1 (k) from the luminance of the sub pixel
SPIX (i,]) in the sub frame SFR2 (k). As a result, the sub pixel
SPIX (i, ) in the frame FR (k) can simulate impulse-type light
emission in most cases, even if the video data D (i, j, k) in the
frame FR (k) indicates grayscale in a high luminance region.
The quality of moving images on the pixel array 2 is therefore
improved.

[0204] According to the arrangement above, in case where
the video data (i, j, k) indicates a grayscale in a high lumi-
nance region, the video data So2 (i, j, k) for the sub frame
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SFR2 (k) indicates a value within the range for light display,
and the value of the video data Sol (i, j, k) for the sub frame
SFR1 (k) increases as the luminance indicated by the video
data D (4, j, k) increases. Therefore, the luminance of the sub
pixel SPTX (i,j) in the frame FR (k) is high in comparison with
an arrangement in which a period of dark display is always
provided even when white display is required. As a result,
while the quality of moving images is improved because the
sub pixel SPIX simulates impulse-type light emission as
above, the maximum value of the luminance of the sub pixel
SPIX (i, j) is greatly increased. The image display device 1
can therefore produce brighter images.

[0205] Incidentally, even in a VA panel which has a wide
range of viewing angles, it is not possible to completely
eliminate the variation in grayscale characteristics caused by
a change in the viewing angle. For example, the grayscale
characteristics deteriorate as, for example, a range of viewing
angles in the horizontal direction is increased.

[0206] For example, as shown in FIG. §, the grayscale
gamma characteristic at the viewing angle of 60° is different
from the grayscale gamma characteristic when the panel is
viewed head-on (at the viewing angle of 0°), and hence whit-
ish appearance, which is excessive brightness in intermediate
luminance, occurs at the viewing angle of 60°.

[0207] On the other hand, according to the arrangement
above, one of the sets of video data So1 (i, j, k) and So2 (i, j,
k) 1s set so as to fall within the range for dark display or within
the range for light display, both in case where the video data
D (i, ], k) indicates a grayscale in a high luminance region and
in case where the video data D (1, j, k) indicates a grayscale in
alow luminance region. Also, the magnitude of the luminance
ofthe sub pixel SPIX (i, j) in the frame FR (k) mainly depends
on the magnitude of the other video data.

[0208] As shown in FIG. 8, an amount of the whitish
appearance (deviance from the desired luminance) is maxi-
mized around intermediate luminance, whereas an amount of
the whitish appearance is relatively restrained when the lumi-
nance is sufficiently low or high.

[0209] Therefore, as shown in FIG. 9, a total amount of
generated whitish appearance is greatly restrained in com-
parison with a case where both ofthe sub frames SFR1 (k) and
SFR2 (k) are substantially equally varied so that the aforesaid
luminance is controlled (i.e. intermediate Iuminance is
attained in both sub frames and a case where an image is
displayed without dividing a frame. It is therefore possible to
greatly improve the viewing angle characteristics of the
image display device 1.

[0210] In the present embodiment. the pixel array 2 has
liquid crystal cells in the vertical alignment mode. Therefore,
a response speed when the state of liquid crystal molecules
changes from substantially vertical alignment (black display)
to tilted alighment (intermediate luminance or white display)
is slower than a response speed when the angle of liquid
crystal molecules in tilted alignment (non-black display) is
changed in accordance with a desired grayscale. For this
reason, when the value within the range for dark display
indicates black, the aforesaid improvement in the response
speed for drive with division into sub frames or the improve-
ment in the brightness of the sub pixels SPIX tend to be
restricted.

[0211] More specifically, as shown in FIG. 5, when a volt-
age is applied to the pixel electrode 121¢ while liquid crystal
molecules are substantially vertically aligned (i.e. black dis-
play), the liquid crystal molecules around the protrusions
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123a and around the slits 1235 as shown in FIG. 7 are tilted
under the influence of a tilted electric field formed by the
aforesaid voltage application. In the meanwhile, the align-
ment of the liquid crystal molecules away from the regions
above is determined on account of the continuity of liquid
crystal, after the alignment of the liquid crystal molecules
around the protrusions and slits is determined.

[0212] When the liquid crystal molecules are substantially
vertically aligned, the alignment orientation (in-plane com-
ponent, of the alignment direction, which is in parallel to the
substrate) has not been determined. On this account, when a
liquid crystal molecule determines its alignment direction in
accordance with the continuity of an electric field or liquid
crystal, not only the tilting angle (a component, of the align-
ment direction, which is in the normal direction of the sub-
strate) of the liquid crystal molecule but also the alignment
orientation of the molecules must be determined. This is the
reason why the response speed of the liquid crystal molecules
tend to be slow in comparison with a case where the align-
ment of liquid crystal molecules with a particular alignment
orientation is changed. In particular, in regions away from the
protrusions and slits, the alignment of the liquid crystal mol-
ecules is determined after the alignment of the liquid crystal
molecules around the protrusions and slits is determined, and
hence the response speed of the liquid crystal molecules away
from the protrusions and slits is slower. As a result, the
response speed of the luminance (transmittance) of the sub
pixels SPIX is slow when the state of substantially vertically
aligned liquid crystal molecules (black display) is changed
into a tilted state (intermediate luminance or white display),
in comparison with a case where the angle of tilted liquid
crystal molecules (i.e. non-black display) is changed in accor-
dance with a desired grayscale. The response speed can be
shortened to some extent by emphasizing grayscale transi-
tion. However, overemphasizing the grayscale transition
causes a problem such that regions with different luminance
are viewed in the sub pixel SPIX because of the difference
between the response speed in the region around the protru-
sions and slits and the response speed in the region away from
the protrusions and slits. It is therefore required to restrain the
degree of the gray scale transition emphasis to the extent that
regions with different luminance are not viewable or the
difference is negligible, and hence there is a limit on the
improvement in a response speed by grayscale transition
emphasis.

[0213] For example, assume that the value in the range for
dark display indicates black (i.e. first comparative example),
and also assume that, as shown in FIG. 10, a grayscale which
slightly falls short of the above-described threshold is
attained at a time tl, after a time period (from t0 to t1) in
which the video data D indicates black.

[0214] In this case, provided that the frame in the time
period t0-t1 is constituted by frames FR (1) to FR (5), the
video data D (i, j, 1-5) has a value (e.g. 0) indicating black in
each of the frames FR (1-5). Also, the video data Sol (7, /, 1-5)
in the sub frames SFR1 (1-5) and the video data So2 (i, j, 1-5)
in the sub frames SFR2 (1-5) are set so as to have a value
indicating black.

[0215] On the other hand, in the frames FR (6 and subse-
quent numbers) after the time t1, the video data D (i, j, 6 and
subsequent numbers) does not exceed the aforesaid threshold.
On this account, the sub frame processing section 32 sets the
video data Sol (i, j, 6 and subsequent numbers) in the sub
frames SFR1 (6 and subsequent numbers) at the value (which
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indicates black in this case) within the range for dark display,
with the result that the value of the video data So2 (i, j, 6 and
subsequent numbers) in the sub frames SFR2 (6 and subse-
quent numbers) is increased or decreased and hence the time
integral value of the luminance of the sub pixel SPIX (i, j) in
the frames FR (6 and subsequent numbers) is controlled. As
described above, the video data D (i, j, 6 and subsequent
numbers) has a value which does not exceed the threshold but
is immediately before exceeding the threshold. The video
data So2 (i, j, 6 and subsequent numbers) is set at a value
indicating white or nearly white.

[0216] Inthis case, at the time point (12 in the figure) when
a period in which the sub pixel SPIX (i, j) is driven by the
video data SO1 (7, j, 6) is switched to a period in which the sub
pixel SPIX (i,]) is driven by the video data So2 (i, /, 6), the sub
pixel SPIX (i, j) is instructed to switch from black display to
white display. However, as discussed above, in case where
liquid crystal cells in the vertical alignment mode are driven
in a normally black mode, the response speed at the time of
the aforesaid switch is slow, and hence the sub pixel SPIX (i,
) cannot suitably respond to the instruction. In practice, there
is a time difference between a time period when the sub frame
processing section 32 produces the sets of video data Sol (;,
J, k)and So2 (i, j, k) and a time period when the sub pixel SPIX
(1,j) starts to drive based on the video data So1 (i, j, k) and So2
(i, j, k). However, F1G. 10, FIG. 12 (mentioned later), and the
descriptions thereof assume that the aforesaid time difference
is 0, for the sake of convenience.

[0217] FIG. 11 shows temporal changes in the luminance of
the sub pixel SPIX (1, j) when a grayscale immediately before
exceeding the threshold and black color are alternately
required. FIG. 11 assumes that the threshold has luminance of
0.5 if the luminance of white display is 1, and the speed of
grayscale transition (rising grayscale transudation) to
increase the luminance is 10 times slower than the speed of
grayscale transition (decaying grayscale transition) to
decrease the luminance.

[0218] In this case, as shown in FIG. 11, the maximum
luminance of the sub pixel SPIX (i, j) should ideally reach the
luminance of white display. However, in reality the maximum
luminance is only 40% of the luminance of white display.
Also, the average luminance of the sub pixel SPIX (i, j),
which should ideally be 50% of the luminance of white dis-
play, is only 14% of the luminance of white display, in reality.
[0219] In this manner, when a value within the range for
dark display is set so as to indicate black, the response speed
of the sub pixel SPIX (i, j) may deteriorate and the brightness
of the sub pixel SPIX may be decreased.

[0220] In the meanwhile, in the sub frame processing sec-
tion 32 of the present embodiment, the value in the range for
dark display is set at a dark grayscale (e.g. grayscale 24 when
grayscales are represented by gamma 2.2. and 8 bits) which is
lighter than black.

[0221] As a result, when video data (i, j, 1 and subsequent
numbers) similar to the video data shown in FIG. 10 is input,
the sets of video data Sol (7, j, 1 and subsequent numbers) and
So2 (i, j, 1 and subsequent numbers) generated by the sub
frame processing section 32 in each of the frames FR (1 and
subsequent numbers) is as shown in FIG. 12. The video data
Sol (i, J, 1 and subsequent numbers) in each of the frames FR
(1 and subsequent numbers) is set at the aforesaid dark gray-
scale which is not black.

[0222] In this case, similarly with FIG. 10, the video data
So02 (i, j, 6 and subsequent numbers) is set at a value indicating
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white or nearly white. However, the video data So1 (i, j, 1 and
subsequent numbers) is set at a dark grayscale which is not
black. Therefore, after being instructed at a time t1 to transit
from black to a dark grayscale, the sub pixel SPIX (i, j) is
instructed to transit from the dark grayscale to the aforesaid
white or nearly white.

[0223] The grayscale transition at the time t1 is transition
from black. However, since this is transition to a dark gray-
scale, the sub pixel SPIX (i, j) can respond within a sub frame
period without any problem, even if the liquid crystal cells in
the vertical alignment mode are driven in the normally black
mode. On the other hand, the grayscale transition at the time
12 is not from black but from a dark grayscale. The response
speed s therefore greatly improved as compared to the case of
FIG. 10 where grayscale transition from black is carried out.
[0224] When the value within the range for dark display is
set at a dark grayscale which is not black, the time integral
value of the luminance of the sub pixel SPIX (i, j) increases
(i.e. the sub pixel becomes brighter) as compared to a case
where the value is set so as to indicate black. On the other
hand, in case of grayscale transition to black from a dark
grayscale whichis sufficiently close to black, since a response
speed Trise at the time of rising grayscale transition is signifi-
cantly longer than a response speed td at the time of decaying
grayscale transition, a temporal average value of the lumi-
nance in an entire frame period is kept at a value indicating
sufficiently dark color, and hence the viewer recognizes black
color.

[0225] Therefore, when, for example, a grayscale immedi-
ately before exceeding the threshold and black color are alter-
nately required as in the case of FIG. 11, temporal changes in
the luminance of the sub pixel SPIX (i, j) is as shown in FIG.
13, and hence the maximum luminance of the sub pixel SPIX
(i, j) can reach the luminance of white display. Also, average
luminance of the sub pixel SPIX (i, j) can be set at a desired
value (50%). In this case, the average luminance of the sub
pixel SPIX (4, j) is more than three times higher than that of
the case of FIG. 11.

[0226] As a result, in comparison with the case where the
value in the range for dark display is set so as to indicate black,
the response speed of the sub pixel SPIX (3, j) driven with the
division into sub frames is improved as above, and hence the
time integral value of the luminance of the sub pixels SPIX is
increased. It is therefore possible to realize an image display
device 1 which is brighter and can produce moving images
with better quality.

[0227] Referring to FIG. 14, the following will discuss
what kind of value is preferable in typical use as the value in
the range for dark display. When no voltage is applied, the
liquid crystal cells are arranged such that liquid crystal mol-
ecules around the alignment film are substantially vertically
aligned. Therefore the contrast ratio of the liquid crystal cells
is significantly better than the TN (Twisted Nematic) type.
There are many types of liquid crystal cells having the con-
trast ratio of around 1000. In the meanwhile, in terms of
typical use, liquid crystal monitor devices, liquid crystal tele-
vision receivers or the like only requires the contrast ratio of
about 400.

[0228] As an example, the result shown in FIG. 14 was
obtained by an examination such that, in a liquid crystal cell
with the contrast ratio of about 1000, average luminance and
a contrast ratio in black display were evaluated with different
luminance in a sub frame SFR1 (%). In the figure, the lumi-
nance is normalized with the assumption that the luminance
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of white display is 1. As shown in the figure, the contrast ratio
of about 400 was obtained when the luminance in the sub
frame SFR1 (k) was 0.012. Therefore, with a grayscale of not
greater than 32, the response speed of the sub pixel SPIX (i, )
was improved while a sufficient contrast ratio was main-
tained, on condition that the luminance in hold display was a
grayscale of not higher than about 1% of white display, i.e. on
condition that the gamma value was 2.2 and video data was
represented by 8 bits, in terms of a grayscale.

[0229] In the discussion above, among the sets of video
data Sol and SO2 for the respective sub frames SFR1 and
SFR2, the video data SO1 which is set at a value in the range
for dark display is switched to a dark grayscale which is not
black, whereas the other video data SO2 is not switched from
black. The video data So2, however, may be set at a dark
display which is not black, as in a similar manner as the video
data Sol. Forexample, when the video data D indicates black,
both sets of video data Sol and So2 may be set so as to
indicate a dark grayscale.

[0230] In case where the gamma characteristic of a video
signal DAT to be input is different from the gamma charac-
teristic of the pixel array 2 (see FIG. 2) of the image display
device 1, it is necessary to conduct gamma correction during
a period from the input of the video signal DAT to the appli-
cation of a voltage corresponding to the video signal DAT to
the panel 11. Even ifthe video signal DAT and the pixel array
2 have the same gamma characteristics, it is necessary to
conduct gamma correction during a period from the input of
the video signal DAT to the application of a voltage corre-
sponding to the video signal DAT to the panel 11, if, for
example, an image will be displayed with gamma character-
istic different from the original because of an instruction from
the user.

[0231] In a second comparative example, gamma correc-
tion is conducted by not changing the signal supplied to the
panel 11 but by controlling the voltage supplied to the panel
11. In this example, since a circuit for controlling a reference
voltage is required, the circuit size may increase. In particular,
if circuits for controlling reference voltages for respective
color components (e.g. R. G, B) are provided for color image
reproduction such as the present embodiment, the circuit size
significantly increases.

[0232] Inathird comparative example, as shown in a signal
processing circuit 521 in FIG. 15, in addition to the circuits
531-544 similar to those shown in FIG. 1, a gamma correction
circuit 533 for gamma correction is provided on the stage
directly prior to or subsequent to (in the figure, prior to) the
modulation processing section 31, so that a signal supplied to
the panel 11 is changed. In this arrangement, the gamma
correction circuit 533 is required in place of a circuit for
controlling a reference voltage, and hence the circuit size may
not bereducible. In the example shown in FIG. 15, the gamma
correction circuit generates video data after gamma correc-
tion, with reference to an LUT 5334 which stores, in associa-
tion with values which may be input, output values after
gamma cotrection.

[0233] On theotherhand, inthe signal processing circuit 21
of the present embodiment, the LUTs 42 and 43 store values
indicating video data for each sub frame after gamma correc-
tion, so that the LUTs 42 and 43 function as the LUTs 542 and
543 for time-sharing drive and also the LUT 5334 for gamma
correction. As a result, the circuit size is reduced because the
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LUT 533a for gamma correction is unnecessary, and hence
the circuit size required for the signal processing circuit 21 is
significantly reduced.

[0234] Also, in the present embodiment, pairs of the LUTs
42 and 43 are provided for the respective colors (R, G, and B
in this case) of the sub pixel SPIX (i, ). It is therefore possible
to output different sets of video data Slo and S2o for the
respective colors, and hence an output value is more suitable
than a case where the same LUT is shared between different
colors.

[0235] In particular, in case where the pixel array 2 is a
liquid crystal display panel, gamma characteristic is different
among colors because birefringence varies in accordance
with a display wavelength. The aforesaid arrangement is par-
ticularly effective in this case, because independent gamma
correction is preferable when grayscales are expressed by
responsive integral luminance in case of time-sharing drive.

[0236] Incase whereagamma valueischangeable, a pair of
LUTs 42 and 43 is provided for each changeable gamma
value. When an instruction from, for example, the user to
change a gamma value, the control circuit 44 selects a pair of
LUTs42 and 43 suitable for the instruction among the pairs of
LUTs 42 and 43, and refers to the selected pair of LUTs 42
and 43. In this way the sub frame processing section 32 can
change a gamma value to be corrected.

[0237] In response to an instruction to change a gamma
value, the sub frame processing section 32 may change the
time ratio between the sub frames SFR1 and SFR2. In such a
case, the sub frame processing section 32 instructs the modu-
lation processing section 31 to also change the time ratio
between the sub frames SFR1 and SFR2 in the modulation
processing section 31. Since the time ratio between the SFR1
and SFR2 is changeable in response to an instruction to
change a gamma value, as detailed below, it is possible to
change, with appropriate brightness, a sub frame (SFR1 or
SFR2) whose luminance is used for mainly controlling the
luminance in one frame period, no matter which gamma value
is corrected in response to an instruction.

[0238] The following will discuss details of the modulation
processing section 31, with reference to FI1G. 16. The modu-
lation processing section 31 of the present embodiment per-
forms a predictive grayscale transition emphasizing process,
and includes: a frame memory (predicted value storage
means) 51 which stores a predicted value (1, j, k) of each sub
pixel SPIX (i, j) until the next frame FR (k+1) comes; a
correction processing section 52 which corrects video data D
(i, j, k) of the current frame FR (k) with reference to the
predicted value E (i, j, k-1) of the previous frame FR (k-1),
which value has been stored in the frame memory 51, and
outputs the corrected value as video data Do (i, j, k); and a
prediction processing section 53 which updates the predicted
value E (i, J, k=1) of the sub pixel SPIX (i, j), which value has
been stored in the frame memory 51, to a new predicted value
E (i, J, k), with reference to the video data D (1, j, k) supplied
to the sub pixel (i, j) in the current frame FR (k).

[0239] ThepredictedvalueE (i, j, k) in the current frame FR
(k) indicates a value ofa grayscale corresponding to predicted
luminance to which the sub pixel (SPIX (i, j) driven with the
corrected video data Do (i, j, k) is assumed to reach at the start
of the next frame FR (k+1), i.e. when the sub pixel SPIX (i, ])
starts to be driven with the video data Do (i, j, k+1) in the next
frame FR (k+1). Based on the predicted value E (i, j, k-1) in
the previous frame FR (k-1) and the video data D (1, j, k) in
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the current frame FR (k), the prediction processing section 53
predicts the predicted value E (i, j, k).

[0240] As discussed above, the present embodiment is
arranged as follows: frame division and gamma correction are
conducted to corrected video data Do (i, j, k) so that two sets
of video data Sol (i, j, k) and So2 (i, j, k) are generated in one
frame, and voltages V1 (i, j, k) and V2 (i, j, k) corresponding
to the respective sets of data are applied to the sub pixel SPIX
(i, j) within one frame period. It is noted that, as discussed
below, corrected video data Do (1, ], k) is specified by speci-
fying a predicted value E (i, j, k1) in the previous frame FR
(k-1) and video data D (1, , k) in the current frame FR (k), and
the sets of video data Sol (i, j, ) and So2 (i, j, k) and the
voltages V1 (i, j, k) and V2 (i, j, k) are specified by specifying
the video data Do (i, j, k).

[0241] Since the aforesaid predicted value E (i,j, k-1) is a
predicted value in the previous frame FR (k-1), the predicted
value E (i, j, k-1) indicates, from the perspective of the
current frame FR (k), a grayscale corresponding to predicted
luminance to which the sub pixel SPIX (i, j) is assumed to
reach at the start of the current frame FR (k), i.e. indicates the
display state of the sub pixel SPIX (i, j) at the start of the
current frame FR (k). In case where the sub pixel SPIX (i, j)
is a liquid crystal display element, the aforesaid predicted
value also indicates the alignment of liquid crystal molecules
in the sub pixel SPIX (i, j).

[0242] Therefore, provided that the prediction by the pre-
diction processing section 53 is accurate and the predicted
value E (i, j, k-1) of the previous frame FR (k-1) has been
accurately predicted, the prediction processing section 53 can
precisely predict the aforesaid predicted value E (i, j, k) based
on the predicted value E (i, j, k-1) of the previous frame FR
(k-1) and the video data D (i, j, k) of the current frame FR (k).
[0243] Inthe meanwhile, the correction processing section
52 can correct video data D (i, j, k) in such a way as to
emphasize the grayscale transition from the grayscale indi-
cated by a predicted value E (3, j, k-1) in the previous frame
FR (k-1) to the grayscale indicated by the video data D (i, j,
k), based on (1) the video data D (1, j, k) in the current frame
FR (k) and (ii) the predicted value E (i, j, k=1), i.e. the value
indicating the display state of the sub pixel SPIX (i, j) at the
start of the current frame FR (k).

[0244] The processing sections 52 and 53 may be con-
structed solely by LUTs, but the processing sections 52 and
53 of the present embodiment are constructed by using both
reference process and interpolation process of the LUTs.
[0245] More specifically, the correction processing section
52 of the present embodiment is provided with an LUT 61.
The LUT 61 stores, in association with respective pairs of sets
of video data D (i, j, k) and predicted values (i, j, k-1), values
of video data Do each of which is output when a correspond-
ing pairis input. Any types of values may be used as the values
of video data Do on condition that the video data Do can be
specified by the same, as in the aforesaid case of the LUTs 42
and 43. The following description assumes that video data Do
itself is stored.

[0246] The LUT 61 may store values corresponding to all
possible pairs. The LUT 61 of the present embodiment, how-
ever, stores only values corresponding to predetermined
pairs, in order to reduce the storage capacity. In case where a
pair which is not stored in the LUT 61 is input, a calculation
section 62 provided in the correction processing section 52
reads out values corresponding pairs similar to the pair thus
input, and performs interpolation of these values by conduct-
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ing a predetermined calculation so as to figure out a value
corresponding to the pair thus input.

[0247] Similarly, an LUT 71 provided in the prediction
processing section 53 of the present embodiment stores, in
association with respective pairs of sets of video data (i, j, k)
and predicted values E (i, j, k-1), values each of which is
output when a corresponding pair is input. The LUT 71 also
stores values to be output (in this case, predicted values E (i,
J,k)) in a similar manner as above. Furthermore, as in the case
above, pairs of values stored in the LUT 71 are limited to
predetermined pairs, and a calculation section 72 of the pre-
diction processing section 53 figures out a value correspond-
ing to a pair thus input, by conducting an interpolation cal-
culation with reference to the LUT 71.

[0248] In the arrangement above, the frame memory 51
stores not video data D (i, j, k-1) of the previous frame FR
(k-1) but a predicted value E (i, j, k-1). The correction pro-
cessing section 52 corrects the video data D (i, j, k) of the
current frame FR (k) with reference to the predicted value E
(i, j, k=1) of the previous frame FR, i.e. a value indicating
predicted display state of the sub pixel SPIX (i, j) at the start
of the current frame FR (k). It is therefore possible to prevent
inappropriate grayscale transition emphasis, even if transition
from rise to decay frequently occurs as a result of improve-
ment in the quality of moving images by simulating impulse-
type light emission.

[0249] More specifically, in case where a sub pixel SPIX (i,
) with a slow response speed is adopted, grayscale transition
from last but one sub frame to last sub frame is emphasized,
the luminance of the sub pixel SPIX at the end of the last sub
frame SFR (x-1) (i.e. the luminance at the start of the current
sub frame FR (x)) may not reach the luminance indicated by
the video data So (i, j, x) in the last sub frame SFR (x-1). This
occurs, for example, when a difference between grayscales is
great and when a grayscale before grayscale transition
empbhasis is close to the maximum or minimum value so that
the grayscale transition cannot be sufficiently emphasized.
[0250] 1Inthe case above, if the signal processing circuit 21
emphasizes grayscale transition with the assumption that the
luminance at the start of the current sub frame FR (x) has
reached the luminance indicated by the video data So (i, j, X)
in the previous sub frame SFR (x-1), the grayscale transition
may be excessive or insufficient.

[0251] In particular, when (rising) grayscale transition to
increase luminance and (decaying) grayscale transition to
decrease luminance are alternately repeated, the grayscale
transition is excessive and hence the luminance of the sub
pixel SPIX (i, j) is inappropriately high. As a result, the user
is likely to take notice of the inappropriate grayscale transi-
tion emphasis and hence the image quality may be deterio-
rated.

[0252] On the other hand, as described above, the present
embodiment is arranged in such a manner that voltages V1 (i,
J, k)and V2 (i, j, k) corresponding to sets of video data So1 (i,
J, k)and So2 (i, j, k) are applied to the sub pixel SPIX (i, j) so
that the sub pixel SPIX (i, j) simulates impulse-type light
emission. The luminance that the sub pixel SPTX (i, j) should
have increased or decreased in each sub frame. Therefore the
image quality may be deteriorated by inappropriate grayscale
transition emphasis with the assumption above.

[0253] In this connection, in the present embodiment, pre-
diction is highly precisely carried out with reference to a
predicted value E (i, j, k), as compared to the assumption
above. It is therefore possible, by simulating impulse-type
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light emission, to prevent grayscale transition emphasis from
being inappropriate, even if transition from rise to decay
frequently occurs. As a result, the quality of moving images is
improved by simulating impulse-type light emission, without
causing deterioration in image quality due to inappropriate
grayscale transition emphasis. Other examples to carry out
prediction with higher precision than the aforesaid assump-
tion are as follows: prediction is carried out with reference to
plural sets of video data which have been input; prediction is
carried out with reference to plural results of previous predic-
tions; and prediction is carried out with reference to plural
sets of video data including at least a current set of video data,
among sets of video data having been input and the current set
of video data.

[0254] The response speed of a liquid crystal cell which is
in the vertical alignment mode and the normally black mode
is slow in decaying grayscale transition as compared to rising
grayscale transition. Therefore, even if modulation and driv-
ing are performed in such a way as to emphasize grayscale
transition, a difference between actual grayscale transition
and desired grayscale transition tends to occur in grayscale
transition from the last but one sub frame to the last sub frame.
Therefore an exceptional effect is obtained when the afore-
said liquid crystal cell is used as the pixel array 2 as in the
present embodiment.

[0255] The following will give details of division into sub
frames by the sub frame processing section 32 (i.e. generation
of sets of video data S1o and S20) with reference to FIGS.
17-30(c), with the assumption that the pixel array 2 is a
VA-mode active matrix (TFT) liquid crystal panel and each
sub pixel SPIX is capable of expressing 8-bit grayscales. In
the following, sets of video data S1o and S20 are termed a first
display signal and a second display signal, respectively, for
the sake of convenience.

[0256] First, typical display luminance (luminance of an
image displayed on a liquid crystal panel) of a liquid crystal
panel will be discussed.

[0257] Incase whereanimage based on normal 8-bit data is
displayed in one frame without using sub frames (i.e. normal
hold display in which each of the scanning signal lines GL.1-
GLm of the liquid crystal panel is turned on only once in one
frame period), the luminance grayscales (signal grayscales)
of a signal (video signal DAT2) applied to the liquid crystal
panel have 0 to 255 levels.

[0258] A signal grayscale and display luminance in the
liquid crystal panel are approximated by the following equa-
tion (1).

((T-70)/(Tmax-T0))=(L/Lmax)"y (1)

[0259] In the equation, [ indicates a signal grayscale
(frame grayscale) in case where an image is displayed in one
frame (i.e., an image is displayed with normal hold display),
Lmax indicates the maximum luminance grayscale (255), T
indicates display luminance, Tmax indicates the maximum
luminance (luminance when L=Lmax=255; white), T0 indi-
cates the minimum luminance (luminance when L=0; black),
and y is a correction value (typically set at 2.2).

[0260] Although TO is not 0 in an actual liquid crystal
display panel, the following assumes that T0=0, for the sake
of simplicity.

[0261] In addition, the display luminance T of the liquid
crystal panel in the case above (normal hold display) is shown
in above-mentioned FIG. 8.
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[0262] Inthe graph in FIG. 8, the horizontal axis indicates
luminance to be output (predicted luminance; which is a value
corresponding to a signal grayscale and is equivalent to the
display luminance T) whereas the vertical axis indicates lumi-
nance (actual luminance) which has actually been output.
[0263] As shown in the graph, in the case above, the afore-
said two sets of luminance are equal to one another when the
liquid crystal panel is viewed head-on (i.e. the viewing angle
is 0°).

[0264] On the other hand, in case where the viewing angle
is 60°, actual luminance is unnecessarily bright around inter-
mediate luminance, because of change in grayscale gamma
characteristic.

[0265] Now, the display luminance of the image display
device 1 of the present example will be discussed

[0266] In the image display device 1, the control circuit 44
is designed to perform grayscale expression to meet the fol-
lowing conditions:

[0267] (a) a time integral value (integral luminance in one
frame) of the luminance (display luminance) of an image
displayed on the pixel array 2 in each of a first sub frame and
a second sub frame is equal to the display luminance in one
frame in the case of normal hold display; and

[0268] (b) the aforesaid dark grayscale display or white
display (maximum luminance) is conducted in either of the
sub frames.

[0269] For that purpose, in the image display device 1 of the
present example, the control circuit 44 is designed so that a
frame is equally divided into two sub frames and luminance
up to the half of the maximum luminance is attained in one
sub frame.

[0270] That is to say, in case where luminance (threshold
luminance; Tmax/2) up to the half of the maximum lumi-
nance is attained in one frame (i.e. in the case of low lumi-
nance), the control circuit 44 performs grayscale expression
in such a way that dark grayscale display is performed in the
first sub frame and display luminance is adjusted only in the
second sub frame (in other words, grayscale expression is
carried out by using only the second sub frame).

[0271] In this case, the integral luminance in one frame is
expressed as (minimum luminance+luminance in the second
sub frame)/2.

[0272] In case where luminance higher than the aforesaid
threshold luminance is attained (in the case of high lumi-
nance), the control circuit 44 performs grayscale expression
in such a manner that the maximum luminance (white) is
attained in the second sub frame and the display luminance is
adjusted in the first sub frame.

[0273] In this case, the integral luminance in one frame is
represented as (luminance in the first sub frame+maximum
luminance)/2.

[0274] The following will specifically discuss signal gray-
scale setting of display signals (first display signal and second
display signal) for attaining the aforesaid display luminance.
[0275] The signal grayscale setting is carried out by the
control circuit shown in FIG. 1.

[0276] Using the equation (1), the control circuit 44 calcu-
lates a frame grayscale corresponding to the threshold lumi-
nance (Tmax/2) in advance.

[0277] That is to say, a frame grayscale (threshold lumi-
nance grayscale; Lt) corresponding to the display luminance
above is figured out by the following equation (2), based on
the equation (1).

L1=0.5"(1/y)xLmax @
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[0278] In this equation, it is noted that
Lmax=Tmaxy (2a)
[0279] To display an image, the control circuit 44 deter-

mines the frame grayscale L, based on the video signal sup-
plied from the frame memory 41.

[0280] If L is not larger than Lt, the control circuit 44
minimizes (reduces to 0) the luminance grayscale (hereinaf-
ter, F) of the first display signal, by means of the first LUT 42.
[0281] On the other hand, based on the equation (1), the
control circuit 44 determines the luminance grayscale (here-
inafter, R) of the second display signal as follows, by means
of the second LUT 43.

R=0.5"(1/7)xL 3

[0282] Incasewhere the frame grayscaleL is larger than L,
the control circuit 44 maximizes (increases to 255) the lumi-
nance grayscale R of the second display signal.

[0283] At the same time, based on the equation (1), the
control circuit 44 determines the luminance grayscale F in the
first sub frame as follows.

F=(L%-0.5xLmax’y)"(1/y) 4)

[0284] Now, the following gives details of how the image
displayed device 1 of the present example outputs a display
signal.

[0285] Inthe present case, the control circuit 44 send, to the
control circuit 12 shown in FIG. 2, a video signal DAT? after
the signal processing, so as to cause, with a doubled clock, the
data signal line drive circuit 3 to accumulate a first display
signal supplied to (n) sub pixels SPIX on the first scanning
signal line GL1.

[0286] The control circuit 44 then causes, via the control
circuit 12, the scanning signal line drive circuit 4 to turn on
(select) the first scanning signal line GL1, and also causes the
scanning signal line drive circuit 4 to write a first display
signal into the sub pixels SPIX on the scanning signal line
GL1. Subsequently, the control circuit 44 similarly turns on
second to m-th scanning signal lines GL.2-GLm at a doubled
clock, with first display signal to be accumulated being var-
ied. With this, a first display signal is written into all sub pixels
SPIX in the half of one frame (/2 frame period).

[0287] The control circuit then similarly operates so as to
write a second display signal into the sub pixels SPIX on all
scanning signal lines GL1-GLm, in the remaining > frame
period.

[0288] As a result, the first display signal and the second
display signal are written into the sub pixels SPIX in the
respective periods (%2 frame periods) which are equal to each
other.

[0289] The above-mentioned FIG. 9 is a graph showing,
along with the results (dashed line and full line) in FIG. 2, the
results (dotted line and full line) of sub frame display by
which the first display signal and the second display signal are
output in the respective first and second sub frames.

[0290] As shown in FIG. 8, the image display device 1 of
the present example adopts a liquid crystal panel which is
arranged such that, the difference between actual luminance
and planned luminance (equivalent to the full line) in a large
viewing angle is minimized when the display luminance is
minimum or maximum, whereas the difference is maximized
in intermediate luminance (around the threshold luminance).
[0291] Also, the image display device 1 of the present
example carries out sub frame display with which one frame
is divided into sub frames.
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[0292] Further, two sub frames are set so as to have the
same length of time, and in case of low luminance, dark
grayscale display is carried out in the first sub frame and
image display is carried out only by the second sub frame, to
the extent that the integrated luminance in one frame is not
changed.

[0293] Since the deviance in the first sub frame is mini-
mized, the total deviance in the first and second sub frames is
substantially halved as indicated by the dotted line in FIG. 9.
[0294] On the other hand, in the case of high luminance,
white display is carried out in the second sub frame and image
display is performed only by adjusting the luminance in the
first sub frame, to the extent that the integrated luminance in
one frame is not changed.

[0295] Since the deviance in the second sub frame is also
minimized in this case, the total deviance in the first and
second sub frames is substantially halved.

[0296] In this way, in the image display device 1 of the
present example, overall deviance is substantially halved as
compared to normal hold display (an image is displayed in
one frame, without adopting sub frames).

[0297] Itis therefore possible to restrain the problem that an
image with intermediate luminance is excessively bright and
appears whitish (whitish appearance) as shown in FIG. 8.
[0298] The first sub frame and the second sub frame are
equal in time length in the present example. This is because
luminance half as much as the maximum luminance is
attained in one sub frame.

[0299] These sub frames, however, may have different
lengths.
[0300] The whitish appearance, which is a problem in the

image display device 1 of the present example, is a phenom-
enon that actual luminance has the characteristics shown in
FIG. 8 in the case of a large viewing angle, and hence an
image with intermediate luminance is excessively bright and
appears whitish.

[0301] Animage takenby acamerais typically converted to
a signal generated based on luminance. To send the image in
a digital form, the image is converted to a display signal by
using “y” in the equation (1) (in other words, the signal based
on luminance is raised to (1/y)th power and grayscales are
attained by equal division).

[0302] Animage which is displayed based on the aforesaid
display signal on the image display device 1 such as a liquid
crystal panel has display luminance expressed by the equa-
tion (1).

[0303] Human eyes perceive an image not as variation in
luminance but as variation in brightness. Brightness (bright-
ness index) M is expressed by the following equations (5) and
(6) (see non-patent document 3).

M=116x7"(1)-16, ¥>0.008856 ()
M=903.29x ¥, Y=0.008836 (6)
[0304] In the equations, Y is equivalent to the aforesaid

actual luminance and Y=(y/yn). It is noted that y indicates a
“y” value of three stimulation values in an xyz color system of
a color, whereas yn is a y value of standard light from a
perfectly diffuse reflector and yn=100.

[0305] Theequations above show that humans are sensitive
to images with low luminance and gets insensitive to images
with higher luminance.

[0306] It is therefore considered that not deviance in lumi-
nance but deviance in brightness is perceived by humans as
whitish appearance.
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[0307] FIG. 17 is a graph in which the graph of luminance
shown in FIG. 8 is converted to a graph of brightness.
[0308] In this graph, the horizontal axis indicates “bright-
ness which should be attained (planned brightness; a value
corresponding to a signal grayscale and equivalent to the
aforesaid brightness M) whereas the vertical axis indicates
“brightness which is actually attained (actual brightness)”
[0309] As indicated by the full line in the graph, the above-
described two sets of brightness are equal when the liquid
crystal panel is viewed head-on (i.e. viewing angle of 0°).
[0310] On the other hand, in case where the viewing angle
1s 60° and sub frames are equal to each other (i.e. luminance
up to the maximum value is attained in one sub frame), as
indicated by the dotted line in the graph, the difference
between the actual brightness and the planned brightness is
restrained as compared to the conventional normal hold dis-
play. Whitish appearance is therefore restrained to some
degree.

[0311] To further restrain whitish appearance in accor-
dance with visual perception of humans, it is considered that
the ratio of frame division is preferably determined in accor-
dance with not luminance but brightness.

[0312] Difference between actual brightness and planned
brightness is maximized at the brightness which is half as
much as the maximum value of the planned brightness, as in
the case of luminance.

[0313] For this reason, deviance (i.e. whitish appearance)
perceived by humans is restrained when a frame is divided so
that brightness up to the halfofthe maximum value is attained
in one sub frame, as compared to the case where a frame is
divided so that luminance up to the half of the maximum value
is attained in one sub frame.

[0314] The following will discuss how a frame should pref-
erably be divided.

[0315] To simplify calculations, the above-mentioned
equations (5) and (6) are approximated into an equation (6a)
(which is similar to the equation (1)).

M=Y"(1/0) (6a)

[0316]

[0317] It is considered that the relationship between the
luminance Y and the brightness M is appropriate (i.e. suitable
for visual perception of humans), if the value of ¢ s in a range
between 2.2. and 3.0.

[0318] To attain the brightness M which is half as much as
the maximum value in one sub frame, it has been known that
two sub frames are set so as to be in the ration of about 1:3
when y=2.2 or about 1:7 when y=3.0.

[0319] In dividing a frame in this way, the sub frame for
image display in the case of low luminance is set so as to be
shorter than the other sub frame (in the case of high lumi-
nance, the sub frame in which the maximum luminance is
maintained is set so as to be shorter than the other sub frame).

[0320] The following will discuss a case where the first sub
frame and the second sub frame are in the ratio of 3:1 in time

With this conversion, a in this equation is about 2.5.

length.
[0321] First, display luminance in this case is discussed.
[0322] Inthis case, to perform low-luminance display with

which luminance up to ¥4 of the maximum luminance (i.e.
threshold luminance; Tmax/4) is attained in one frame, the
control circuit 44 performs dark grayscale display in the first
sub frame and expresses a grayscale by only adjusting the
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display luminance in the second sub frame. (In other words,
grayscale expression is carried out only by the second sub
frame.)

[0323] On this occasion, the integrated luminance in one
frame is figured out by (minimum luminance+luminance in
the second sub frame)/4.

[0324] In case where luminance higher than the threshold
luminance (Tmax/4) is attained in one frame (i.e. in case of
high luminance), the control circuit 44 operates so that the
maximum luminance (white) is attained in the second sub
frame whereas grayscale expression is performed by only
adjusting the display luminance in the first sub frame.
[0325] Inthiscase, the integrated luminance in one frame is
figured out by (luminance in the first sub frame+maximum
luminance)/4.

[0326] Now, the following will specifically describe signal
grayscale setting of display signals (first display signal and
second display signal) for attaining the aforesaid display
luminance.

[0327] Also in this case, the signal grayscale (and below-
mentioned output operation) is (are) set so that the above-
described conditions (a) and (b) are satisfied.

[0328] First, using the equation (1), the control circuit 44
calculates a frame grayscale corresponding to the threshold
luminance (Tmax/4) in advance.

[0329] The frame grayscale (threshold luminance gray-
scale; Lt) corresponding to the display luminance is calcu-
lated by the following equation, based on the equation (1):

Li=(Ya)"(1/y)xLmax Y]

[0330] To display animage, the control circuit 44 works out
a frame grayscale L based on a video signal supplied from the
frame memory 41.

[0331] If L is not higher than Lt, the control circuit 44
minimizes (to 0) the luminance grayscale (F) of the first
display signal, by using the first LUT 42.

[0332] In the meanwhile, the control circuit 44 sets the
luminance grayscale (R) of the second display signal as fol-
lows, based on the equation (1).

R=(Ya)y (1/y)xL (8)

[0333]
LUT 43.
[0334] Ifthe frame grayscale L is higher than Lt, the control
circuit 44 maximizes (to 255) the luminance grayscale R of
the second display signal.

[0335] In the meanwhile, the control circuit 44 sets the
luminance grayscale F of the first sub frame as follows, based
on the equation (1).

In doing so, the control circuit 44 uses the second

F=((Ly-(Ya)xLmaxy))" (1/y) ©

Now, the following will discuss how the above-mentioned
first display signal and second display signal are output.
[0336] As discussed above, in the arrangement of equally
dividing a frame, a first-stage display signal and a second-
stage display signal are written into a sub pixel SPIX, for
respective periods (%2 frame periods) which are equal to one
another.

[0337] This is because, since the second-stage display sig-
nal is written after all of the first-stage display signal is written
at a doubled clock, periods in which the scanning signal lines
GL are turned on are equal for the respective display signals.
[0338] Therefore, the ratio of division is changeable by
changing the timing to start the writing of the second-stage
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display signal (i.e. timing to turns on the scanning signal lines
GL for the second-stage display signal).

[0339] In FIG. 18, (a) indicates a video signal supplied to
the frame memory 41 shown in FIG. 1, (b) indicates a video
signal supplied from the frame memory 41 to the first LUT 42
when the division is carried out at the ratio of 3:1, and (c)
indicates a video signal supplied to the second LUT 43.

[0340] FIG. 19 illustrates timings to turn on the scanning
signal lines GL for the first-stage display signal and for the
second-stage display signal, also in case where the division is
carried out at the ratio of 3:1.

[0341] As shown in these figures, the control circuit 44 in
this case writes the first-stage display signal for the first frame
into the sub pixels SPIX on the respective scanning signal
lines GL, at a normal clock.

[0342] After a % frame has passed, the writing of the sec-
ond-stage display signal starts. From this time, the first-stage
display signal and the second-stage display signal are alter-
nately written at a doubled clock.

[0343] That is to say, after the first-stage display signal is
written into the (% of all scanning signal lines GL1-GLm)th
GL(m*3/4) sub pixel SPIX, the second-stage display signal
regarding the first scanning signal GL1 is accumulated in the
data signal line drive circuit 3, and this scanning signal line
GL1 is turned on.

[0344] Inthis way, after ¥ of the first frame, the first-stage
display signal and the second-stage display signal are alter-
nately output at a doubled clock, with the result that the ratio
between the first sub frame and the second sub frame is set at
3:1.

[0345] The time integral value (integral summation of the
display luminance in these two sub frames indicates integral
luminance of one frame.

[0346] The data stored in the frame memory 41 is supplied
to the data signal line drive circuit 3, at timings to turn on the
scanning signal lines GL.

[0347] FIG. 20 is a graph showing the relationship between
planned brightness and actual brightness in case where a
frame is divided at a ratio of 3:1.

[0348] As shown in the figure, in the arrangement above,
the frame is divided at the point where the difference between
planned brightness and actual brightness is maximized. For
this reason, the difference between planned brightness and
actual brightness at the viewing angle of 60° is very small as
compared to the result shown in FIG. 17.

[0349] More specifically, in the image display device 1 of
the present example, in the case of low luminance (low bright-
ness) up to Tmax/4, dark grayscale display is carried outin the
first sub frame and hence image display is performed only in
the second sub frame, to the extent that the integral luminance
in one frame is not changed.

[0350] As such, the deviance in the first sub frame (i.e. the
difference between actual brightness and planned brightness)
is minimized. Itis therefore possible to substantially halve the
total deviance in the both sub frames, as indicated by the
dotted line in FIG. 20.

[0351] On the other hand, in the case of high luminance
(high brightness), white display is carried out in the second
sub frame and hence image display is carried out by adjusting
the luminance in the first sub frame, to the extent that the
integral luminance in one frame is not changed.
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[0352] Therefore, since the deviance in the second sub
frame is also minimized in this case, the total deviance in the
both sub frames is substantially halved as indicated by the
dotted line in FIG. 20.

[0353] In this manner, in the image display device 1 of the
present example, the overall deviance of brightness is sub-
stantially halved as compared to normal hold display.

[0354] 1t is therefore possible to effectively restrain the
problem that an image with intermediate luminance is exces-
sively bright and appears whitish (whitish appearance) as
shown in FIG. 8.

[0355] In the case above, until a % frame period passes
from the start of display, the first-stage display signal for the
first frame is written into the sub pixels SPIX on all scanning
signal lines GL, at a normal clock. This is because the timing
to write the second-stage display signal has not come yet.
[0356] Alternatively, display with a doubled clock may be
performed from the start of the display, by using a dummy
second-stage display signal. In other words, the first-stage
display signal and the (dummy) second-stage display signal
whose signal grayscale is 0 may be alternately output until a
¥4 frame period passes from the start of display.

[0357] The following will deal with a more general case
where the ratio between the first sub frame and the second sub
frame is n:1.

[0358] In this case, to attain luminance up to 1/(n+1)
(threshold luminance; Tmax/(n+1)) of the maximum lumi-
nance in one frame (i.e. in the case of low luminance), the
control circuit 44 performs grayscale expression in such a
manner that dark grayscale display is performed in the first
sub frame and hence grayscale expression is performed by
only adjusting the luminance in the second sub frame (i.e.
grayscale expression is carried out only by using the second
sub frame).

[0359] In this case, the integral luminance in one frame is
figured out by (minimum luminance+luminance in the sec-
ond sub frame)/(n+1).

[0360] In case where luminance higher than a threshold
luminance (Tmax/(n+1)) is output (i.e. in the case of high
luminance}, the control circuit 44 performs grayscale expres-
sion in such a manner that the maximum luminance (white) is
attained in the second sub frame and the display luminance in
the first sub frame is adjusted.

[0361] In this case, the integral luminance in one frame is
figured out by (luminance in the first sub frame+maximum
luminance)/(n+1).

[0362] The following will specifically discuss signal gray-
scale setting of signals (first-stage display signal and second-
stage display signal) for attaining the aforesaid display lumi-
nance.

[0363] Also in this case, the signal grayscale (and below-
mentioned output operation) is (are) set so as to satisfy the
aforesaid conditions (a) and (b).

[0364] First, the control circuit calculates a frame grayscale
corresponding to the above-described threshold luminance
(Tmax/(n+1)), based on the equation (1) above.

[0365] Based on the equation (1), a frame grayscale
(threshold luminance grayscale; Lt) corresponding to the dis-
play luminance is figured out as follows.

Li=(1/(n+1))"(1/y)xLmax (10)

[0366] To display an image. the control circuit 44 figures
outa frame grayscale L based on a video signal supplied from
the frame memory 41.
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[0367] If L is not higher than Lt, the control circuit 44
minimizes (to 0) the luminance grayscale (F) of the first-stage
display signal, by using the first LUT 42.

[0368] On the other hand, the control circuit 44 sets the
luminance grayscale (R) of the second-stage display signal as
follows, based on the equation (1).

R=(1/fn+1)) (Ly)xL an

[0369] In doing so, the control circuit 44 uses the second
LUT 43.
[0370] Ifthe frame grayscale L is higher than Lt, the control

circuit 44 maximizes (to 255) the luminance grayscale R of
the second-stage display signal.

[0371] In the meanwhile, the control circuit 44 sets the
luminance grayscale F in the first sub frame as follows, based
on the equation (1).

F=((LY-/(r+1)xLmax 1))y (1) 12)

[0372] The operation to output the display signals is
arranged such that, in case where one frame is divided in the
ratio of 3:1, the first-stage display signal and the second-stage
display signal are alternately output at a doubled clock, when
an/(n+1) frame period has passed from the start of one frame.
[0373] An arrangement of equally dividing a frame is gen-
eralized as follows: one frame is divided into 1+n (=1) sub
frame periods, and the first-stage display signal is output at a
clock multiplied 1+n (=1) times in the first sub frame whereas
the second-stage display signal is serially output in the fol-
lowing n (=1) sub frames.

[0374] In this arrangement, however, the clock is required
to be significantly increased when n is 2 or more, thereby
resulting increase in device cost.

[0375] On this account, if n is 2 or more, the aforesaid
arrangement in which the first-stage display signal and the
second-stage display signal are alternately output is prefer-
able.

[0376] In this case, since the ratio between the first sub
frame and the second sub frame canbe set at n: 1 by adjusting
the timing to output the second-stage display signal, the
required clock frequency is restrained to twice as fast as the
normal clock.

[0377] The liquid crystal panel is preferably AC-driven,
because, with AC drive, the electric field polarity (direction of
a voltage (interelectrode voltage) between pixel electrodes
sandwiching liquid crystal) of the sub pixel SPIX is change-
able in each frame.

[0378] When the liquid crystal panel is DC-driven, a one-
sided voltage is applied to the space between the electrodes
and hence the electrodes are charged. If this state continues,
an electric potential difference exists between the electrodes
even if no voltage is applied (i.e. so-called burn-in occurs).
[0379] In case of sub frame display as in the case of the
image display device 1 of the present example, voltage values
(absolute values) applied to the space between the pixel elec-
trodes are often different between sub frames.

[0380] Therefore, when the polarity of the interelectrode
voltage is reversed in the cycle of sub frames, the interelec-
trode voltage to be applied is one-sided on account of the
difference in voltage values between the first sub frame and
the second sub frame. Therefore, the aforesaid burn-in,
flicker, or the like may occur when the liquid crystal panel is
driven for a long period of time, because the electrodes are
charged.
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[0381] Therefore, in the image display device 1 of the
present example, the polarity of the interelectrode voltage is
preferably reversed in the cycle of frames.

[0382] There are two methods to reverse the polarity of the
interelectrode voltage in the cycle of frames. According to the
first method, a voltage with the same polarity is applied for
one frame.

[0383] According to the second method, the polarity of the
interelectrode voltage is changed between two sub frames of
one frame, and the second sub frame and the first sub frame of
the directly subsequent frame are arranged so as to have the
same polarity.

[0384] FIG. 21(a) shows the relationship between voltage
polarity (polarity of the interelectrode voltage) and frame
cycle, when the first method is adopted. F1G. 21 (b) shows the
relationship between voltage polarity and frame cycle, when
the second method is adopted.

[0385] Since the interelectrode voltage is alternated in the
cycle of frames, burn-in and flicker do not occur even if
interelectrode voltage is significantly changed between sub
frames.

[0386] Both of the aforesaid two methods are useful for
preventing burn-in and flicker. However, the method in which
the same polarity is maintained for one frame is preferable in
case where relatively brighter display is performed in the
second sub frame. More specifically, in the arrangement of
division into sub frames, since time to charge the TFT is
reduced and hence a margin for the charging is undeniably
reduced as compared to cases where division to sub frames is
not conducted. Therefore, in commercial mass production,
the luminance may be inconstant among the products because
charging is insufficient due to reasons such as inconsistency
in panel and TFT characteristics. On the other hand, accord-
ing to the above-discussed arrangement, the second frame, in
which luminance is mainly produced, corresponds to the
second same-polarity writing, and hence voltage variation in
the second frame in which luminance is mainly produced is
restrained. As a result, an amount of required electric charge
is reduced and display failure on account of insufficient
charging is prevented.

[0387] As discussed above, the image display device 1 of
the present example is arranged in such a manner that the
liquid crystal panel is driven with sub frame display, and
hence whitish appearance is restrained.

[0388] However, the sub frame display may be ineffective
when the response speed of liquid crystal (i.e. time required to
equalize a voltage (interelectrode voltage) applied to the lig-
uid crystal and the applied voltage) is slow.

[0389] Inthecase of normal hold display, one state ofliquid
crystal corresponds to one luminance grayscale, in a TFT
liquid crystal panel. The response characteristics of liquid
crystal do not therefore depend on a luminance grayscale of a
display signal.

[0390] On the other hand, in the case of sub frame display
such as the image display device 1 of the present example, a
voltage applied to liquid crystal in one frame changes as
shown in FIG. 22(a), in order to perform display based on a
display signal of intermediate luminance, which indicates
that the minimum luminance (white) is attained in the first sub
frame whereas the maximum luminance is attained in the
second sub frame,

[0391] The interelectrode voltage changes as indicated by
the full line X shown in FIG. 22(5), in accordance with the
response speed (response characteristics) of liquid crystal.
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[0392] 1Incase where the response speed of liquid crystal is
slow, the interelectrode voltage (full line X) changes as shown
in FIG. 22(c) when display with intermediate luminance is
carried out.

[0393] In this case, therefore, the display luminance in the
first sub frame does not reach the minimum and the display
luminance in the second sub frame does not reach the maxi-
mum.

[0394] FIG. 23 shows the relationship between planned
luminance and actual luminance in this case. As shown in the
figure, even if sub frame display is performed, it is not pos-
sible to perform display with luminance (minimum lumi-
nance and maximum luminance) at which the difference (de-
viance) between planned luminance and actual luminance is
small in the case of a large viewing angle.

[0395] The suppression of whitish appearance is therefore
inadequate.
[0396] Therefore, to suitably conduct sub frame display as

in the case of the image display device 1 of the present
example, the response speed of liquid crystal in the liquid
crystal panel is preferably designed to satisfy the following
conditions (c) and (d).

[0397] (c) In case where a voltage signal (generated by the
data signal line drive circuit 3 based on a display signal)
indicating the maximum luminance (white; corresponding to
the maximum brightness) is applied to liquid crystal which is
in the state of the minimum luminance (black; corresponding
to the minimum luminance), the voltage (interelectrode volt-
age) of the liquid crystal reaches a value not less than 90% of
the voltage of the voltage signal (i.e. actual brightness when
viewed head-on reaches 90% of the maximum brightness) in
the shorter sub frame period.

[0398] (d) In case where a voltage signal indicating the
minimum luminance (black) is applied to liquid crystal which
is in the state of the maximum luminance (white), the voltage
(interelectrode voltage) on the liquid crystal reaches a value
which is not higher than 5% of the voltage of the voltage
signal, in the shorter sub frame period (i.e. the actual bright-
ness when viewed head-on reaches 5% of the minimum
brightness).

[0399] The control circuit 44 is preferably designed to be
able to monitor the response speed of liquid crystal.

[0400] Ifit is judged that the conditions (c) and (d) are no
longer satisfiable because the response speed of liquid crystal
is slowed down on account of change in an environmental
temperature or the like, the control circuit 44 may suspend the
sub frame display and start to drive the liquid crystal panel in
normal hold display.

[0401] With this, the display method of the liquid crystal
panel can be switched to normal hold display in case where
whitish appearance is adversely conspicuous due to sub
frame display.

[0402] Inthe present example, low luminance is attained in
such a manner that dark grayscale display is performed in the
first sub frame and grayscale expression is carried out only in
the second sub frame.

[0403] Alternatively, similar image display is achieved
when the anteroposterior relation between the sub frames is
reversed (i.e. low luminance is attained in such a manner that
dark grayscale display is carried out in the second sub frame
and grayscale expression is carried out only in the first sub
frame).
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[0404] 1In the present example, the luminance grayscales
(signal grayscales) of the display signals (first-stage display
signal and second-stage display signal) are set based on the
equation (1).

[0405] In an actual panel, however, luminance is not zero
even when black display (grayscale of 0) is carried out, and
the response speed of liquid crystal is limited. On this
account, these factors are preferably taken into account for
the setting of signal grayscale. In other words, the following
arrangement is preferable: an actual image is displayed on the
liquid crystal panel and the relationship between a signal
grayscale and display luminance is actually measured, and
LUT (output table) is determined to corresponds to the equa-
tion (1), based on the result of the actual measurement.

[0406] In the present example, a in the equation (6a) falls
within the range of 2.2 to 3. Although this range is not strictly
verified, it is considered to be more or less appropriate in
terms of visual perception of humans.

[0407] When the data signal line drive circuit 3 of the image
display device 1 of the present example is a data signal line
drive circuit for normal hold display, a voltage signal is output
to each pixel (liquid crystal) so that display luminance is
attained by the equation (1) in which y=2.2, in accordance
with the signal grayscale (luminance grayscale of the display
signal) to be input.

[0408] Even when sub frame display is adopted, the afore-
said data signal line drive circuit 3 outputs a voltage signal for
normal hold display in each sub frame, in accordance with a
signal grayscale to be input.

[0409] According to this method to output a voltage signal,
however, the time integral value of Tuminance in one frame in
the case of sub frame display may not be equal to the value in
the case of normal hold display (i.e. a signal grayscale may
not be properly expressed).

[0410] Therefore, for sub frame display the data signal line
drive circuit 3 is preferably designed so as to output a voltage
signal corresponding to divided luminance.

[0411] In other words, the data signal line drive circuit 3 is
preferably designed so as to finely adjust a voltage (interelec-
trode voltage) applied to liquid crystal, in accordance with a
signal grayscale.

[0412] Tt is therefore preferable that the data signal line
drive circuit 3 is designed to be suitable for sub frame display
so that the aforesaid fine adjustment is possible.

[0413] In the present example, the liquid crystal panel is a
VA panel. Alternatively, a liquid crystal panel in a mode
different from the VA mode may be used, on condition that
whitish appearance can be restrained

[0414] Thatistosay, sub frame display of the image display
device 1 of the present example makes it possible to restrain
whitish appearance in a liquid crystal panel in which actual
luminance (actual brightness) deviates from planned lumi-
nance (planned brightness) when a viewing angle is large (i.e.
a liquid crystal panel which is in a mode in which grayscale
gamma characteristic change in accordance with viewing
angles).

[0415] In particular, the sub frame display of the image
display device 1 of the present example is effective for aliquid
crystal panel in which display luminance increases as the
viewing angle is increased.

[0416] Whitish appearance is restrained both in normally
black and in normally white. Also, repression of whitish
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appearance can be achieved in a display panel (e.g. organic
EL panel and plasma display panel) which is not a liquid
crystal panel.

[0417] In the present example, one frame is preferably
divided in the ratio of 1:3 to 1:7. Alternatively, the image
display device 1 of the present example may be designed so
that one frame is divided in the ratioof 1:n or n: 1 (nis a natural
number not less than 1).

[0418] In the present example, signal grayscale setting of
display signals (first-stage display signal and second-stage
display signal) is carried out by using the aforesaid equation

[0419] This setting, however, assumes that the response
speed of liquid crystal is 0 ms and T0 (minimum luminance)
=0. The setting is preferably further refined for actual use.
[0420] The maximum luminance (threshold luminance) to
be output in one sub frame (second sub frame) is Tmax/(n+1),
if the liquid crystal response is 0 ms and T0=0. The threshold
luminance grayscale Lt is equal to the frame grayscale of the
maximum luminance.

Lt=((Tmax/(n+1)-10)/(Tmax-10))"(1/y)

[0421] (y=2.2, TO=0)

[0422] Incase where the response speed of liquid crystal is
not 0, the threshold luminance (luminance at Lt) is repre-
sented as follows, provided that response from black to white
is'Y % in a sub frame, response from white to black is Z % in
a sub frame, and T0=T0.

Tt=((Tmax-70)x ¥/100+(7max-70)xZ/100)/2

[0423] Therefore, the following equations holds true.
Li=((T+-T0)/(Tmax-T0)) (1%y)

[0424] (y=2.2)

[0425] Lt may be little more complicated in practice, and

the threshold luminance Tt may not be expressed by a simple
equation. On this account, it is sometimes difficult to express
Lt by Lmax.

[0426] To work out Lt in such a case, a result of measure-
ment of luminance of a liquid crystal panel is preferably used.
That is, luminance of a liquid crystal panel, in case where
maximum luminance is attained in one sub frame whereas
minimum luminance is attained in the other sub frame, is
measured, and this measured luminance is set as Tt. Spilled
luminance Lt is determined based on the following equations.

Li=((Tt-T0)(Tmax-T0)) (1#y)

[0427] (v=2.2)

[0428] This Lt figured out by using the equation (10) is an
ideal value, and is sometimes preferably used as a standard.
[0429] The above-described case is a model of display
luminance of the present embodiment, and terms such as
“Tmax/2”, “maximum luminance”, and “minimum lumi-
nance” are used for simplicity. Actual values may be varied to
some extent, to realize smooth greyscale expression, user’s
preferred specific gamma characteristic, or the like. That is to
say, the improvement in the quality of moving images and a
viewing angle is obtained when display luminance is lower
than threshold luminance, on condition that luminance in one
frameis sufficiently darker than luminance in the other frame.
Therefore, effects similar to the above can be obtained by an
arrangement such that, at Tmax/2, for example, the ratios
stch as minimum luminance (10%) and maximum luminance
(90%) and around these values appropriately change in series.
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The following descriptions also use similar expressions for
the sake of simplicity, but the present invention is not limited
to them.

[0430] In the image display device 1 of the present
example, the polarity is preferably reversed in each frame
cycle. The following will give details of this.

[0431] FIG. 24(a) is a graph showing the luminance
attained in the first and second sub frames, in case where
display luminance is ¥ and %4 of Lmax.

[0432] Asshown in the figure, in sub frame display as in the
present example, voltages applied to liquid crystal (i.e. a
value of voltage applied to the space between pixel elec-
trodes; absolute value) are different between sub frames.
[0433] Therefore, in case where the polarity of the voltage
(liquid crystal voltage) applied to liquid crystal is reversed in
each sub frame, the applied liquid crystal voltage is one-sided
(i.e. the total applied voltage is not 0V) because of the differ-
ence in voltage values in the first and second sub frames, as
shown in FIG. 24(b). The DC component of the liquid crystal
voltage cannot therefore be cancelled, and hence problems
such as burn-in and flicker may occur when the liquid crystal
panel is driven for a long period of time, because the elec-
trodes are electrically charged.

[0434] For this reason, in the image display device 1 of the
present example, the polarity of the liquid crystal voltage is
preferably reversed in each frame cycle.

[0435] There are two ways to reverse the polarity of the
liquid crystal voltage in each frame cycle. The first way is
such that a voltage with a single polarity is applied for one
frame.

[0436] According to the other way, the polarity of the liquid
crystal voltage is reversed between two sub frames, and the
polarity in the second sub frame is arranged to be identical
with the polarity in the first sub frame of the directly subse-
quent frame.

[0437] FIG. 25(a) is a graph showing the relationship
among voltage polarities (polarities of liquid crystal voltage),
frame cycles, and liquid crystal voltages, in case where the
former way is adopted. On the other hand, FIG. 25(5) shows
the same relationship in case where the latter way is adopted.
[0438] As these graphs show, in case where the liquid crys-
tal voltage is reversed in each frame cycle, the total voltage in
the first sub frames in neighboring two frames and the total
voltage in the second sub frames in neighboring two frames
can be set at OV. Therefore, since the total voltage in two
frames can be set at 0V, it is possible to cancel the DC
component of the applied voltage.

[0439] In this manner, the liquid crystal voltage is alter-
nated in each frame period. It is therefore possible to prevent
burn-in, flicker or the like even if liquid crystal voltages in
respective sub frames are significantly different from one
another.

[0440] FIGS. 26(a)-26(d) show four sub pixels SPIX in the
liquid crystal panel and polarities of liquid crystal voltages on
the respective sub pixels SPIX.

[0441] As described above, the polarity of a voltage applied
to one sub pixel SPIX is preferably reversed in each frame
period. In the present case, the polarity of the liquid crystal
voltage on each sub pixel SPIX varies, in each frame period,
in the order of FIG. 26(a), FI1G. 26(5), FIG. 26(c), and FIG.
26(d).

[0442] The sum total of liquid crystal voltages applied to all
sub pixels SPIX of the liquid crystal panel is preferably con-
trolled to be OV. This control is achieved, for example, in such
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amanner that the voltage polarities between the neighboring
sub pixels SPIX are set so as to be different as shown in FIGS.
26(a)-26(d).

[0443] The image display device 1 of the present example
may be designed to perform pixel-division drive (halftone dot
pixel drive).

[0444] The following will describe the pixel-division drive
of the image display device 1 of the present example. FIG. 27
shows a liquid crystal panel driven with pixel division.
[0445]  As shown in the figure, according to the pixel-divi-
sion drive, one sub pixel SPIX (1, 1) connected to a scanning
signal line (e.g. GL1) and a data signal line (e.g. SL1) of a
liquid crystal panel is divided into two auxiliary pixels SP1
(1,1) and SP2 (1,1). In the following, these pixels are termed
partial pixels SP1 (1,1) and SP2 (1,1), in order to differentiate
them from the sub pixels SPIX (1,1) provided for R, G, and B,
respectively. Image display is carried out by changing volt-
ages applied to the partial pixels SP1 (1,1) and SP2 (1,1).
Such pixel-division drive is mentioned in, for example, the
patent documents 7-10.

[0446] The following will outline the pixel-division drive.
[0447] As shown in FIG. 27, in an arrangement adopting
the pixel-division drive, two different auxiliary capacity lines
CS1 and CS2 are provided so as to sandwich one sub pixel
SPIX (1,1). Each of the auxiliary capacity lines CS1 and CS2
is connected to one of the partial pixels SP1 and SP2.
[0448] Ineach of thepartial pixels SP1and SP2,a TFT 131,
a liquid crystal capacity 132, and an auxiliary capacity 133
are provided.

[0449] TheTFT 131 is connected to the scanning signal line
GL1, the data signal line SL1, and the liquid crystal capacity
132. The auxiliary capacity 133 is connected to the TFT 131,
the liquid crystal capacity 132, and one of the auxiliary capac-
ity lines CS1 and CS2.

[0450] To the respective auxiliary capacity lines CS1 and
CS2, auxiliary signals which are alternating voltage signals
with predetermined frequencies are applied. The phases of
the auxiliary signals applied to the respective capacity lines
CS1 and CS2 are opposite to one another (different from one
another for 180°).

[0451] The liquid crystal capacity 132 is connected to the
TFT 131, a shared voltage Vcom, and the auxiliary capacity
133. The liquid crystal capacity 132 is connected to a parasitic
capacity 134 generated between the liquid crystal capacity
132 and the scanning signal line GL1.

[0452] According to this arrangement, when the scanning
signal line GL1 is turned on, the TFTs 131 of the respective
partial pixels SP1 and SP2 in one sub pixel SPIX (1,1) are
turned on.

[0453] FIGS. 28(a) and 28(¢) are graphs related to the case
above and show voltages (liquid crystal voltages) applied to
the liquid crystal capacities of the partial pixels SP1 and SP2,
in case where a positive display signal (ZVcom) is applied to
the data signal line SL1.

[0454] In this case, as shown in FIGS. 28(a) and 28(c), the
voltage values of the liquid crystal capacities 132 of the
respective partial pixels SP1 and SP2 increase to a value (V0)
corresponding to the display signal.

[0455] When the scanning signal line GL1 is turned off, the
liquid crystal voltages decrease by Vd on account of gate
drawing due to the parasitic capacity 134.

[0456] At this moment, as shown in FIG. 28(a), when the
auxiliary signal on the auxiliary capacity line CS1 rises (is
switched from low to high), the liquid crystal voltage of the
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partial pixel SP1 connected to the auxiliary capacity line CS1
increases by Vcs (a value corresponding to the amplitude of
the auxiliary signal running on the auxiliary capacity line
CS1). In accordance with the frequency of the auxiliary
capacity line CS (frequency of the auxiliary signal), the liquid
crystal voltage oscillates between Vo and V0-Vd, with an
amplitude Vcs.

[0457] In the case above, as shown in FIG. 28(c), the aux-
iliary signal on the auxiliary line CS2 falls (is switched from
high to low). The liquid crystal voltage of the partial pixel SP2
connected to the auxiliary line CS2 falls by Ves which is a
value corresponding to the amplitude of the auxiliary signal.
Thereafter, the liquid crystal voltage oscillates between
Vo-Vd and V0-Vd-Ves.

[0458] FIGS. 28(b) and 28(d) are graphs showing the liquid
crystal voltages on the partial pixels SP1 and SP2, in case
where a negative display signal (voltage signal; =Vcom) is
applied to the data signal line SL.1 when the scanning signal
line GL1 is turned on.

[0459] Inthe case above, as shown in the figures, the liquid
crystal voltages on the partial pixels SP1 and SP2 fall to a
value (-V1) corresponding to the display signal.

[0460] Thereafter, when the scanning signal line GL1 is
turned off, the liquid crystal voltages are further decreased on
account of the aforesaid gate drawing.

[0461] At this moment, as shown in FIG. 28(5), when the
auxiliary signal on the auxiliary capacity line CS1 falls, the
liquid crystal voltage of the partial pixel SP1 connected to the
auxiliary capacity line CS1 is further decreased by Ves. The
liquid crystal voltage then oscillates between =V0-VD=Vcs
and -V0-Vd.

[0462] In the meanwhile, as shown in FIG. 28(d), the aux-
iliary signal of the auxiliary capacity line CS2 rises in the case
above. The liquid crystal voltage of the partial pixel SP2
connected to the auxiliary capacity line CS2 is increased by
Vcs. Thereafter, the liquid crystal voltage oscillates between
V0-Vd and V0-Vd-Ves,

[0463] In this way, auxiliary signal whose phases are dif-
ferent from one another for 180° are applied to the respective
auxiliary capacity lines CS1 and CS2, and hence the liquid
crystal voltages ofthe partial pixels SP1 and SP2 are arranged
to be different from one another.

[0464] That is to say, in case where the display signal
applied to the data signal line SL1 is positive, the absolute
value of the liquid crystal voltage is higher than the display
signal voltage (FIG. 28(a)) in the partial pixel to which the
auxiliary signal which rises immediately after the gate draw-
ing is supplied.

[0465] On the other hand, in the partial pixel to which the
auxiliary signal which falls in the case above is supplied, the
absolute value of the liquid crystal voltage is lower than the
display signal voltage (FIG. 28(c)).

[0466] In case where the display signal applied to the data
signal line SL1 is negative, the absolute value of the voltage
applied to the liquid crystal capacity 132 is higher than the
display signal voltage (FIG. 28(5)) in the partial pixel to
which the auxiliary signal which falls immediately after the
gate drawing is supplied.

[0467] On the other hand, in the partial pixel to which the
auxiliary signal which rises in the case above is supplied, the
absolute value of the liquid crystal voltage is lower than the
display signal voltage (FIG. 28(d)).

[0468] Therefore, in the case shown in FIGS. 28(a)-28(d),
the liquid crystal voltage (absolute value) of the partial pixel
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SP1 is higher than that of the partial pixel SP2 (i.e. display
luminance of the partial pixel SP1 is higher than that of the
partial pixel SP2).

[0469] Thedifference (Vcs)between the liquid crystal volt-
ages of the respective partial pixels SP1 and SP2 can be
controlled in accordance with the amplitude of each of the
auxiliary signals applied to the respective auxiliary capacity
lines CS1 and CS2. This makes it possible to optionally
differentiate the display luminance (first luminance) of the
partial pixel SP1 from the display luminance (second lumi-
nance) of the partial pixel SP2.

[0470] Table 1 shows (i) the polarities of respective liquid
crystal voltages supplied to the partial pixel (light pixel) with
high luminance and the partial pixel (dark pixel) with low
luminance and (i1) the states of the auxiliary signals immedi-
ately after the gate drawing. In the table the polarities of the
liquid crystal voltages are indicated by “+, =”. Also, the case
where the auxiliary signal rises immediately after the gate
drawing is indicated by “1”, whereas the case where the
auxiliary signal falls immediately after the gate drawing is
indicated by “|”.

TABLE 1

BLIGHT PIXEL

1
DARK PIXEL !

‘I ‘I
—>

+
+

>

[0471] In the pixel-division drive, the luminance of a sub
pixel SPIX is equal to the sum total of the luminance (corre-
sponding to the luminance of liquid crystal) of two partial
pixels SP1 and SP2.

[0472] FIG. 29 is a graph showing the relationship between
transmittance and an applied voltage of the liquid crystal
panel at two viewing angles (0° (head-on) and 60°), in case
where the pixel-division drive is not adopted.

[0473] As shown in the graph, in case where the transmit-
tance when viewed head-on is NA (i.e. in case where the
liquid crystal voltage is controlled so that the transmittance is
NA), the transmittance at the viewing angle of 60° is LA.

[0474] To set the transmission when viewed head-on at NA
in the pixel-division drive, voltages which are different from
one another by Ves are applied to the respective partial pixels
SP1 and SP2 so that transmittances of the partial pixels SP1
and SP2 are set at NB1 and NB2 (NA=(NB1+NB2)/2).

[0475] Incase where the transmittances of the partial pixels
SP1 and SP2 at the angle of 0° are NB1 and NB2, the trans-
mittances at the angle of 60° are LB1 and LB2. LB1 is
substantially 0. Therefore, the transmittance of one sub pixel
SPIX is M(LLB2/2), and hence lower than LA.

[0476] In this way, the pixel-division drive makes it pos-
sible to improve the viewing angle characteristic.

[0477]  Also, adopting the pixel-division drive, for example,
an image with low luminance (high luminance) can be dis-
played by increasing the amplitude of the CS signal so as to
cause one partial pixel to carry out dark grayscale display
(white display) and to adjust the luminance ofthe other partial
pixel. This minimizes the difference between display lumi-
nance and actual luminance in one of the partial pixels as in
the case of the sub frame display, and hence the viewing angle
characteristic is further improved.

[0478] In the arrangement above, one of the partial pixels
may not carry out dark grayscale display (white display). That
is to say, the viewing angle characteristic is improved in
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theory by differentiating the luminances of the respective
partial pixels. Since this reduces the CS amplitude, the panel
drive can be easily designed.

[0479] It is unnecessary to differentiate the luminances of
the partial pixels SP1 and SP2 for all display signals. For
example in case where the respective partial pixels carry out
white display and dark grayscale display, the luminances of
the respective partial pixels are preferably equal. Therefore,
the partial pixels SP1 and SP2 are designed so that, in
response to at least one display signal (display signal volt-
age), first luminance is attained by the partial pixel SP1
whereas second luminance which is different from the second
luminance is attained by the partial pixel SP2.

[0480] In the pixel-division drive, the polarity of a display
signal applied to the data signal line SL1 is preferably
reversed in each frame. In other words, provided that in one
frame the partial pixels SP1 and SP2 are driven as shown in
FIGS. 28(a) and 28(c), in the subsequent frame the partial
pixels SP1 and SP2 are preferably driven as shown in FIGS.
28(b) and 28(c).

[0481] This causes the total voltage on two liquid crystal
capacities 132 of the sub pixel SPIX in two frames to be OV.
It is therefore possible to cancel the DC component of the
applied voltage.

[0482] To perform the pixel-division drive, one sub pixel
SPIX is divided into two pixels. Alternatively, one sub pixel
SPIX may be divided into three or more partial pixels.
[0483] The above-described pixel-division drive may be
combined with the normal hold display or the sub frame
display. Also, the pixel-division drive may be combined with
polarity reversal drive which has been illustrated in reference
to FIGS. 28(a), 28(b), 25(a), and 25(b).

[0484] The following will describe a combination of the
pixel-division drive, the sub frame display, and the polarity
reversal drive.

[0485] FIG. 30(a) is a graph showing changes in the liquid
crystal voltage (for one pixel), in the case of the sub frame
display in which polarity of the liquid crystal voltage is
reversed in each frame as in the case of F1G. 25(a).

[0486] In case where the sub frame display by the polarity
reversal drive is combined with the pixel-division drive, the
liquid crystal voltage of each partial pixel changes as shown
in FIGS. 30(5) and 30(c).

[0487] FIG. 30(b) is a graph showing the liquid crystal
voltage of a partial pixel (light pixel) whose luminance is high
in the pixel-division drive. FIG. 30(c) is a graph showing the
liquid crystal voltage of a partial pixel (dark pixel) whose
luminance is low in the pixel-division drive.

[0488] In the graphs, an undulating line indicates a liquid
crystal voltage in case where the pixel-division drive is not
performed, whereas a full line indicates a liquid crystal volt-
age in case where the pixel-division drive is performed.
[0489] FIGS. 31(a) and 31(b) are graphs showing lumi-
nances of the light pixel and the dark pixel and correspond to
the respective FIGS. 30(4) and 30(c).

[0490] In the figures, the signs “1” and “|” indicate the
states of an auxiliary signal immediately after the gate draw-
ing (i.e. indicate whether the signal rises or falls immediately
after the gate drawing).

[0491] As shown in these figures, in the present case, the
polarity of the liquid crystal voltage of each pixel is reversed
in each frame. In doing so, liquid crystal voltages which are
different between sub frames are appropriately cancelled (i.e.
total liquid crystal voltage in two frames is set at O0V).
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[0492] The state of the auxiliary signal (i.e. the phase (“1”
or “|”") immediately after the gate drawing) is reversed in the
same phase as the reversal of the polarity.

[0493] With the drive in this way, as shown in FIGS. 30(5),
30(c), 31(a), and 31(b), the liquid crystal voltage (absolute
value) and the luminance in the sub frames are high in the
light pixel but low in the dark pixel.

[0494] Theincrease in the liquid crystal voltage on the light
pixel in the first sub frame is equal to the decrease in the dark
pixel. Similarly, the increase in the liquid crystal voltage on
the light pixel in the second sub frame is equal to the decrease
in the dark pixel.

[0495] Therefore, it is possible to prevent the polarity of the
liquid crystal voltage applied to one sub pixel SPIX from
being one-sided, and hence the total liquid crystal voltage in
two frames is set at OV. (It is noted that the increase (decrease)
in the liquid crystal voltage on account of the pixel-division
drive is different between the first and second sub frames.
This is because the capacity changes in accordance with the
transmittance of liquid crystal.)

[0496] In the case above, the polarity of the liquid crystal
voltage of each frame is reversed in each frame. Alternatively,
the polarity of the liquid crystal may be reversed in each frame
cycle.

[0497] The following arrangement may therefore be
adopted: as shown in FIG. 25(b), the liquid crystal voltage has
different polarities in the respective sub frames in one frame,
and the polarity in the second sub frame is identical with the
polarity in the first sub frame of the directly precedent frame.
[0498] FIGS. 32(a) and 32(b) are graphs showing the lumi-
nances of the light pixel and dark pixel, in case where the
polarity reversal is carried out as above.

[0499] Also in this case, the state (“1” or “|,”) of the aux-
iliary signal is reversed in the same phase as the polarity
reversal, and hence the total liquid crystal voltage in two
frames is set at OV.

[0500] FIG. 33 is a graph showing both (i) the results (dot-
ted line and full line) of image display by the image display
device 1 ofthe present example, when the sub frame drive, the
polarity reversal drive, and the pixel-division drive are com-
bined and (i1) the results (dashed line and full line; identical
with those shown in FIG. 13) of normal hold display.

[0501] As shown in the graph, in case where the viewing
angle is 60°, itis possible to cause actual luminance to be very
close to planned luminance by combining the sub frame dis-
play with the pixel-division drive. The viewing angle charac-
teristic is especially good in this case, on account of the
synergistic effect of the sub frame display and the pixel-
division drive.

[0502] In the case above, the state (the phase (“1” or “|”
immediately after the gate drawing) of the auxiliary signal is
reversed in line with the reversal of the polarity. If the state of
the auxiliary signal is changed in each frame irrespective of
the polarity reversal, the liquid crystal voltage cannot appro-
priately be cancelled.

[0503] That is, the variation of the liquid crystal voltage in
accordance with the state of the auxiliary signal depends on
the magnitude (absolute value) of the original liquid crystal
voltage. (Thehigher the liquid crystal voltage is, the larger the
variation is.) As described above, the increase (decrease) in
the liquid crystal voltage in the pixel-division drive is differ-
ent between the first and second sub frames. (In the example
shown in FIGS. 30(b) and 30(c), the variation in the second
sub frame is larger than the variation in the first sub frame.)
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[0504] Therefore, in case where the liquid crystal voltage is
applied as shown in FIG. 30(a), if the state (phase) of the
auxiliary signal is reversed in each sub frame, the liquid
crystal voltage in the second sub frame is significantly
reduced in the light pixel as shown in FIG. 34(a), whereas the
liquid crystal voltage in the first sub frame is increased a little
bit.

[0505] As shown in FIG. 34(b), meanwhile, in the dark
pixel, the liquid crystal voltage in the second sub frame is
significantly increased, whereas the liquid crystal voltage in
the first sub frame is decreased a little bit.

[0506] Therefore, the total liquid crystal voltage in two
frames is not OV (i.e., negative in the light pixel whereas
positive in the dark pixel), and hence the DC component
cannot be cancelled. It is therefore not possible to sufficiently
prevent burn-in, flicker, or the like.

[0507] Ithasbeen described that a preferable ratio between
the first sub frame period and the second sub frame period is
3:1to 7:1. Alternatively, the ratio between the sub frames may
be setat 1:1 or 2:1.

[0508] Forexample, in case where a frame is divided in the
ratio of 1:1, as shown in FIG. 9, actual luminance is close to
planned luminance in comparison with normal hold display.
Also, as shown in FIG. 20, actual brightness is close to
planned brightness in comparison with the normal hold dis-
play.

[0509] In this case, the viewing angle characteristic is
clearly improved as compared to the normal hold display.
[0510] In the liquid crystal panel, a certain time in accor-
dance with the response speed of liquid crystal is required for
causing the liquid crystal voltage (voltage applied to the lig-
uid crystal; interelectrode voltage) to reach a value corre-
sponding to the display signal. Therefore, in case where one
of the sub frame periods is too short, the voltage of the liquid
crystal may not reach the value corresponding to the display
signal, within the sub frame periods.

[0511] It is possible to prevent one of the first sub frame
period and the second sub frame period from being too short,
by setting the ratio between the sub frame periods at 1:1 or
2:1. On this account, image display is suitably performed
even if liquid crystal with a slow response speed is adopted.
[0512] The ratio of frame division (ratio between the first
sub frame and the second sub frame) may be setatn: 1 (nisa
natural number not less than 7).

[0513] The ratio of division may be set at n:1 (n is a real
number not less than 1, more preferably a real number more
than 1). For example, the viewing angle characteristic is
improved by setting theratio of division at 1.5:1, as compared
to the case where the ration is set at 1:1. Also, as compared to
the case where the ratio is set at 2:1, a liquid crystal material
with a slow response speed can be easily used.

[0514] In case where the ratio of frame division is set atn:1
(n is a real number not less than 1), to display an image with
low luminance (low brightness) up to maximum luminance/
(n+1)(Tmax/(n+1)), image display is preferably performed in
such a manner that dark grayscale is attained in the first sub
frame and luminance is adjusted only in the second sub frame.
[0515] On the other hand, to display an image with high
luminance (high brightness) not lower than Tmax/(n+1),
image display is preferably carried out in such a manner that
white display is carried out in the second sub frame and
luminance is adjusted only in the first sub frame.

[0516] With this, it is possible to always keep actual lumi-
nance and planned luminance to be equal in one sub frame.
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The viewing angle characteristic of the image display device
1 of the present example is therefore good.

[0517] In case where the ratio of frame division is n:1,
substantially same effects are obtained when the first frame is
set at n and when the second frame is set at n. In other words,
the case of n:1 is identical with the case of 1:n, in terms of the
improvement in the viewing angle characteristic.

[0518] Thearrangementin whichn is a real number notless
than 1 is effective for the control of luminance grayscale using
the aforesaid equations (10)-(12).

[0519] In the present example, the sub frame display in
regard to the image display device 1 is arranged such that one
frame is divided into two sub frames. Alternatively, the image
display device 1 may be designed to perform sub frame dis-
play in which a frame is divided into three or more sub frames.
[0520] In the case of sub frame display in which a frame is
divided into s sub frames, when luminance is very low, dark
grayscale display is carried out in s-1 sub frames and lumi-
nance (luminance grayscale) is adjusted only in one sub
frame. If the luminance is too high to be reproduced in one sub
frame, white display is carried out in this sub frame, dark
grayscale display is carried out in s-2 sub frames, and lumi-
nance is adjusted in the remaining one sub frame.

[0521] In other words, also in the case of dividing a frame
into s sub frames, it is preferable that luminance is adjusted
(changed) only in one sub frame and white display or dark
grayscale display is carried out in the remaining sub frames.
As a result of this, actual luminance and planned luminance
are equal in s-1 sub frames It is therefore possible to improve
the viewing angle characteristic of the image display device 1.
[0522] FIG. 351s a graph showing both (i) the results (doted
line and full line) of display with frame division into equal
three sub frames and (ii) results (dashed line and full line;
identical with those shown in FIG. 8) of normal hold display,
in the image display device 1 of the present example.

[0523] As shown in the graph, in case where three sub
frames are provided, actual luminance is significantly close to
planned luminance. It is therefore possible to further improve
the viewing angle characteristic of the image display device 1
of the present example.

[0524] Among the sub frames, the sub frame in which the
luminance is adjusted is preferably arranged so that a tempo-
ral barycentric position of the luminance of the sub pixel in
the frame period is close to a temporal central position of the
frame period.

[0525] For example, in case where the number of sub
frames is three, image display is performed by adjusting the
luminance of the central sub frame, if dark grayscale display
is performed in two sub frames. If the luminance is too high to
be represented in that sub frame, white display is performed
in the sub frame (central sub frame) and the luminance is
adjusted in the first or last sub frame. If the luminance is too
high to be represented in that sub frame and the central sub
frame (white display), the luminance is adjusted in the
remaining sub frame.

[0526] According to the arrangement above, the temporal
barycentric position of the luminance of the sub pixel in one
frame period is set so as to be close to the temporal central
position of said one frame period. The quality of moving
images can therefore be improved because the following
problem is prevented: on account of a variation in the tempo-
ral varycentric position, needless light or shade, which is not
viewed in a still image, appears at the anterior end or the
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posterior end of a moving image, and hence the quality of
moving images is deteriorated.

[0527] The polarity reversal drive is preferably carried out
even in a case where a frame is divided into s sub frames. FIG.
36 is a graph showing transition of the liquid crystal voltage
in case where the voltage polarity is reversed in each frame.
[0528] As shown in this figure, the total liquid crystal volt-
age in this case can be set at 0V in two frames.

[0529] FIG. 37 is a graph showing transition of the liquid
crystal voltage in case where a frame is divided into three sub
frames and the voltage polarity is reversed in each sub frame.
[0530] In this way, when a frame is divided into an odd-
number of sub frames, the total liquid crystal voltage in two
frames canbe set at OV even if the voltage polarity is reversed
in each sub frame.

[0531] Therefore, in case where a frame is divided into s
sub frames (s is an integer not less than 2), s-th sub frames in
respective neighboring frames are preferably arranged so that
respective liquid crystal voltages with different polarities are
supplied. This allows the total liquid crystal voltage in two
frames to be set at OV.

[0532] Incase where a frame is divided into s sub frames (s
is an integer not less than 2), it is preferable that the polarity
of the liquid crystal voltage is reversed in such a way as to set
the total liquid crystal voltage in two frames (or more than two
frames) to be OV

[0533] Inthe case above, in case where a frame is divided
into s sub frames, the number of sub frame in which lumi-
nance is adjusted is always 1 and white display (maximum
luminance) or dark grayscale display is carried out in the
remaining sub frames.

[0534] Alternatively, luminance may be adjusted in two or
more sub frames. Also in this case, the viewing angle char-
acteristic can be improved by performing white display
(maximum luminance) or dark grayscale display in at least
one sub frame.

[0535] Alternatively, the luminance in a sub frame in which
luminance is not adjusted may be set at not the maximum
luminance but a value larger than the maximum or second
predetermined value. Also, the luminance may be set at not
the minimum luminance but a value which is smaller than the
minimum or first predetermined value.

[0536] This can also sufficiently reduce the deviance
(brightness deviance) of actual brightness from planned
brightness in a sub frame in which luminance is not adjusted.
It is therefore possible to improve the viewing angle charac-
teristic of the image display device 1 of the present example.
[0537] FIG. 38 is agraph showing the relationship (viewing
angle grayscale properties; actually measured) between a
signal grayscale (%; luminance grayscale of a display signal)
output to the panel 11 and an actual luminance grayscale (%)
corresponding to each signal grayscale, in a sub frame in
which luminance is not adjusted.

[0538] The actual luminance grayscale is worked out in
such a manner that luminance (actual luminance) attained by
the liquid crystal panel of the panel 11 in accordance with
each signal grayscale is converted to a luminance grayscale
by using the aforesaid equation (1).

[0539] As shown in the graph above, the aforesaid two
grayscales are equal when the liquid crystal panel is viewed
head-on (viewing angle of 0°). On the other hand, when the
viewing angle is 60°, the actual luminance grayscale is higher
than the signal grayscale in intermediate luminance, because
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of whitish appearance. The whitish appearance is maximized
when the luminance grayscale is 20% to 30%, irrespective of
the viewing angle.

[0540] It has been known that, in regard to the whitish
appearance, the quality of image display by the image display
device 1 of the present example is sufficient (i.e. the deviance
in brightness is sufficiently small) when the whitish appear-
ance is not higher than the “10% of the maximum value” in
the graph, which is indicated by the dotted line. The ranges of
signal grayscales in which the whitish appearance is not
higher than the “10% of the maximum value” is 80-100% of
the maximum value of the signal grayscale and 0-0.02% of
the maximum value of the signal grayscale. These ranges are
consistent even if the viewing angle changes.

[0541] The aforesaid second predetermined value is there-
fore preferably set at 80% of the maximum luminance,
whereas the first predetermined value is preferably set at
0.02% of the maximum luminance.

[0542] Also, it may be unnecessary to provide a sub frame
in which luminance is not adjusted. In other words, in case
where image display is performed with s sub frames, it is
unnecessary to set the display states of the respective sub
frames to be different from one another. Even in such an
arrangement, the aforesaid polarity reversal drive in which
the polarity of the liquid crystal voltage is reversed in each
frame is preferably carried out.

[0543] Incase where image display is carried out with s sub
frames, the viewing angle characteristic of the liquid crystal
panel can be improved even by slightly differentiating the
display states of the respective sub frames from one another.

Second Embodiment

[0544] In the embodiment above, the modulation process-
ing section 31 which performs the grayscale transition
emphasizing process is provided in the stage prior to the sub
frame processing section 32 which performs frame division
and gamma process. In the present embodiment, on the other
hand, the modulation processing section is provided in the
stage directly subsequent to the sub frame processing section.
[0545] Asshown in FIG. 39, a signal processing circuit 21a
of the present embodiment is provided with a modulation
processing section 31a and a sub frame processing section
32a, whose functions are substantially identical with those of
the modulation processing section 31 and the sub frame pro-
cessing section 32 shown in FIG. 1. It is noted that the sub
frame processing section 32a of the present embodiment is
provided in the stage directly prior to the modulation process-
ing section 31a, and frame division and gamma correction are
conducted with respect to video data D (i, j, k) before correc-
tion, instead of video data Do (i, j, k) after correction. As a
result, sets of video data S1 (i, j, k) and S2 (i, j, k) in the
respective sub frames SFR1 (%) and SFR1 (k), which sets of
video data correspond to the video data D (i, j, k), are output.
[0546] Because of the change in the circuit configuration,
the modulation processing section 31a corrects, instead of
video data D (1, j, k) before correction, sets of video data S1 (7,
J, k) and S2 (i, j, k) to emphasize grayscale transition, and
output the corrected video data as sets of video data Slo (i, ],
k) and S2o0 (i, j, k) constituting a video signal DAT2. Being
similar to the aforesaid sets of video data Sol (7, , k) and So2
(i, j. k), the sets of video data S1o (i, j, k) and S20 (i, j, k) are
transmitted in a time-sharing fashion.

[0547] Correction and prediction by the modulation pro-
cessing section 31a are performed in units of sub frame. The
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modulation processing section 31a corrects video data So (j,
J»X) of the current sub frame (x) based on (1) a predicted value
E (i, j, x-1) of the previous sub frame SFR (x-1), which is
read out from a frame memory (not illustrated) and (2) video
data So (i, j, x) in the current sub frame SFR (x), which is
supplied to the sub pixel SPIX (i, j). The modulation process-
ing section 31a predicts a value indicating a grayscale which
corresponds to luminance to which the sub pixel SPIX (i,]) is
assumed to reach at the start of the next sub frame SFR (x+1),
based on the predicted value E (1, j, x-1) and the video data So
(i,j, X). The modulation processing section 31a then stores the
predicted value E (i, j, X) in the frame memory.

[0548] Before describing an example in which writing
speed is decreased, the following will discuss, in reference to
FIG. 40, a case where the modulation processing section 31a
is constructed using the same circuits as those in FIG. 16.

[0549] The modulation processing section 315 of the
present example includes members 51a-53a for generating
the aforesaid video data Slo (i, j, k) and members 515-535 for
generating the aforesaid video data S20 (1, j, k). These mem-
bers 51a-53a and 515-53b are substantially identical with the
members 51-53 shown in FIG. 16.

[0550] Correction and prediction, however, are performed
in units of sub frame. On this account, the members 51a-535
are designed so as to be capable of operating at a speed twice
as fast as the members in FIG. 16. Also, values stored in the
respective LUTs (not illustrated in FIG. 40) are different from
those in the LUTs shown in FIG. 16.

[0551] Instead of the video data D (i, j. k) of the current
frame FR (k), the correction processing section 52a and the
prediction processing section 53a receive video data S1 (i, J,
k) supplied from the sub frame processing section 32a. The
correction processing section 52« outputs the corrected video
data as video data S1o (i, j k). Similarly, instead of the video
data D (i, j, k) of the current frame FR (k), the correction
processing section 524 and the prediction processing section
53breceive video data S2 (i, j, k) supplied from the sub frame
processing section 32a. The correction processing section
52a outputs the corrected video data as video data S20 (i, j, k).
In the meanwhile, the prediction processing section 53a out-
puts a predicted value E1 (4, j, k) not to a frame memory 51a
that the correction processing section 52a refers to but to a
frame memory 51 that the correction processing section 525
refers to. The prediction processing section 535 outputs a
predicted value E2 (i, j, k) to the frame memory 51a.

[0552] The predicted value E1 (i, j, k) indicates a grayscale
corresponding to luminance to which the sub pixel SPIX (i, )
is assumed to reach at the start of the next sub frame SFR2 (%),
when the sub pixel SPIX (i, j) is driven by video data Slo (i,
J» k) supplied from the correction processing section 52a. The
prediction processing section 53a predicts the predicted value
E1 (i, j, k), based on the video data S1 (i, j, k) of the current
frame FR (k) and the predicted value E2 (i, & k-1) of the
previous frame FR (k-1), which value is read out from the
frame memory 51a. Similarly, the predicted value E2 (i, j, k)
indicates a grayscale corresponding to luminance to which
the sub pixel SPIX (i, j) is assumed to reach at the start of the
next sub frame SFR1 (k+1), when the sub pixel SPIX (i, j) is
driven by video data S2o (1, j, k) supplied from the correction
processing section 52b. The prediction processing section
535 predicts a predicted value E2 (i, j, k), based on the video
data S2 (i, j, k) of the current frame FR (k) and the predicted
value E1 (i, j, k) read out from the frame memory 514.
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[0553] 1In the arrangement above, as shown in FIG. 41,
when sets of videodataD (1, 1,k) to D (n, m, k) of a frame FR
(k) are supplied to the signal processing circuit 21a, these sets
of video data D (1, 1, k) to D (n. m, k) are stored in a frame
memory 41 (FM in the figure) of the sub frame processing
section 32¢ (during atime period from 121 to t22). The control
circuit 44 of the sub frame processing section 32a reads out
these sets of video dataD (1, 1, k) to D (n, m, k) twice in each
frame (during a time period from t31 to t33). In the first read
out, the control circuit 44 outputs sets of video data S1 (1, 1,
k) to S1 (r, m, k) for the sub frame SFR1 (k) in reference to the
LUT 42 (in a time period of t31-t32). In the second read out,
the control circuit 44 outputs sets of video data S2 (1, 1, k) to
S2 (, m, k) for the sub frame SFR2 (k) for the sub frame SFR2
(k), in reference to the LUT 43 (in a time period of t32-t33).
By providing a buffer memory, it is possible to adjust the time
difference between a time t21 at which the signal processing
circuit 214 receives the first set of video data D (1, 1,k) and a
time t31 at which a set of video data S1 (1, 1, k) for the sub
frame SFR1 (%), which data corresponds to the foregoing
video data D (1, 1, k), is output. FIG. 41 shows a case where
the time difference is a half of one frame (one sub frame), for
example.

[0554] On the other hand, in the time period of t31 to 132,
the frame memory 51a of the modulation processing section
315 stores predicted values E2 (1, 1, k-1) to E2 (r, m, k~1)
which are updated in reference to sets of video data S2 (1, 1,
k-1) to S2 (n, m, k-1) of the sub frame SFR2 (k1) in the
previous frame FR (k-1). The correction processing section
52a corrects sets of video data S1 (1, 1, k) to S1 (», m, k) in
reference to the predicted values E2 (1, 1, k-1) to E2 (n, m,
k-1), and outputs the corrected vide data as sets of corrected
video data S1o (1, 1, k) to Slo (1, m, k). In a similar manner,
the prediction processing section 53a generates predicted
values F1 (1, 1, k) to predicted value E1 (n, m, k) and stores
them in the frame memory 515, based on the sets of video data
S1(1, 1,K) to S1 (», m, k) and the predicted values E2 (1, 1,
k-1)to E2 (n, m, k-1).

[0555] Similarly, in the time period of t32 to t33, the cor-
rection processing section 525 corrects sets of video data S2
(1, 1,k) to S2 (n, m, k) with reference to the predicted values
B1 (1, 1, k) to E1 (», m, k), and outputs the corrected video
data as sets of corrected video data S20 (1, 1, k) to S20 (n, m,
k). The prediction processing section 535 generates predicted
values E2 (1, 1, k) to E2 (, m, k) based on the sets of video
dataS2 (1, 1,k) to S2 (n, m, k) and the predicted values E1 (1,
1,k-1)to E1 (n, m, k-1), and stores the generated values in
the frame memory 51a.

[0556] Strictly speaking, in case where a buffer is provided
between each pair of neighboring circuits for a delay of each
circuit or timing adjustment, timings at which the former-
stage circuit outputs data is different from timings at which
the latter-stage circuit outputs data, because of a delay in the
buffer circuit, or the like.

[0557] In this way, the signal processing circuit 21a of the
present embodiment performs correction (emphasis of gray-
scale transition) and prediction in units of sub frame. Predic-
tion can therefore be performed precisely as compared to the
first embodiment in which the aforesaid processes are per-
formed in units of frame. It is therefore possible to emphasize
the grayscale transition with higher precision. As a result,
deterioration of image quality on account of inappropriate
grayscale transition emphasis is restrained, and the quality of
moving images is improved.
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[0558] 1In the present arrangement, video data S1 which
falls within a range set for dark display is set at a dark gray-
scale other than black. On this account, a speed to respond
intermediate luminance is significantly improved as com-
pared to a case where both sets of video data S1 and S2 for the
sub frames SFR1 and SFR2 have values indicating black
when video data D indicates black, and hence the quality of
moving images is significantly improved.

[0559] Most of the members constituting the signal pro-
cessing circuit 21a of the present embodiment are typically
integrated in one integrated circuit chip, for the sake of speed-
up. However, each of the frame memories 41, 51a, and 515
requires storage capacity significantly larger than a LUT, and
hence cannot be easily integrated into an integrated circuit.
The frame memories are therefore typically connected exter-
nally to the integrated circuit chip.

[0560] In this case, the data transmission paths for the
frame memories 41, 51a and 515 are external signal lines. It
is therefore difficult to increase the transmission speed as
compared to a case where transmission is performed within
the integrated circuit chip. Moreover, when the number of
signal lines is increased to increase the transmission speed,
the number of pins of the integrated circuit chip is also
increased, and hence the size of the integrated circuit is sig-
nificantly increased. Also, since the modulation processing
section 3156 shown in FIG. 40 is driven at a doubled clock,
each of the frame memories 41, 51a, and 515 must have a
large capacity and be able to operate at a high speed.

[0561] The following will give details of the transmission
speed. As shown in FIG. 41, sets of video data D (1, 1, k) to D
(n, m, k) are written into the frame memory 41 once in each
frame. The frame memory 41 outputs sets of video data D (1,
1,k) to D (n, m, k) twice in each frame. Therefore, provided
that, as in the case of a typical memory, processes of writing
and reading share the same signal line for data transmission,
the frame memory 41 is required to support access with a
frequency of not less than three times as high as a frequency
fatthe time of transmission of sets of video data D for a video
signal DAT. In FIG. 41, an access speed required in writing or
reading is expressed in such a way that, after an alphabet (t/w)
indicating reading/writing, a magnification is indicated such
as r:2, assuming that the access speed required for reading or
writing in the frequency fis 1.

[0562] On the other hand, to/from the frame memories 51a
and 515, the predicted values E2 (1, 1, k) to E2 (n, m, k) and
the predicted values E1(1, 1,k)to E1 (i, m, k) are written/read
out once in each frame. In the arrangement of FIG. 40, as
shown in FIG. 43, a time period for readout from the frame
memory 5la (e.g. t31 to 132) is different from a time period
for readout from the frame memory 515 (e.g. t32 to t33), and
each of these time periods is half as long as one frame.
Similarly, each of time periods for writing into the respective
frame memories 51a and 515 is half as long as one frame. On
this account, the frame memories 51a and 515 must support
an access speed four times higher than the frequency f.
[0563] As aresult, in case where the modulation processing
section 315 shown in FIG. 40 is adopted, the frame memories
41,51a, and 515 are required to support a higher access speed.
This causes problems such that the manufacturing costs of the
signal processing circuit 21a is significantly increased, and
the size and the number of pins of the integrated circuit chip
are increased because of the increase in signal lines.

[0564] On theother hand, in the signal processing circuit 21
of another example of the present embodiment, as shown in
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FIG. 42, sets of video data S1 (1, 1, k) to S1 (s, m, k), sets of
video data S2 (1, 1,k) to S2 (», m, k), and predicted values E1
(1, 1,k)t0 E1 (n, m, k) are generated twice in each frame, and
a half of processes of generation and output of the predicted
values E2 (1, 1, k) to E2 (n, m, k) is thinned out and the
predicted values E2 (1, 1, k) to E2 (», m, k) is stored in the
frame memory once in each frame. The frequency of writing
in the frame memory is reduced in this way.

[0565] More specifically, in the signal processing circuit
21¢ of the present example, the sub frame processing section
32c¢ can output sets of video data S1 (1, 1,k)to S1 (», m, k) and
sets of video data S2 (1, 1, k) to S2 (r, m, k) twice in each
frame.

[0566] That is to say, the control circuit 44 of the sub frame
processing section 32 shown in FIG. 40 stops outputting sets
of video data S2 (1, 1, k) to S2 (n, m, k) while outputting sets
of video dataS1 (1, 1,k) to S1 (», m, k). On the other hand, as
shown in FIG. 43, the control circuit 44¢ of the sub frame
processing section 32¢ of the present example outputs sets of
video data S2 (1, 1, k) to S2 (1, m, k) even while outputting
sets of video data S1 (1, 1, k) to S1 (», m, k) (in a time period
of t41-t42), and also outputs sets of video data S1 (1, 1, k) to
S1 (n, m, k) even while outputting sets of video data S2 (1, 1,
k) to S2 (. m, k) (in a time period of t42-t43).

[0567] The sets of video data S1 (i, j, k) and S2 (i, j, k) are
generated based on the same value, i.e. the video data D (i, j,
k). Therefore, the control circuit 44¢ generates the sets of
video data S1 (i, j, k) and S2 (i, j, k) based on one set of video
data D (i, j. k), each time one set of video data D (i, j, k) from
the frame memory 41 is read out. This makes it possible to
prevent an amount of data transmission between the frame
memory 41 and the control circuit 44¢ from being increased.
An amount of data transmission between the sub frame pro-
cessing section 32¢ and the modulation processing section
31c is increased as compared to the arrangement shown in
FIG. 40. No problem, however, is caused by this increase,
because the transmission is carried out within the integrated
circuit chip.

[0568] On the other hand, as shown in FIG. 42, the modu-
lation processing section 31¢ of the present example includes
a frame memory (predicted value storage means) 54 in place
of frame memories 51a and 515 which store respective pre-
dicted values E1 and E2 for one sub frame. The frame
memory 54 stores predicted values E2 for two sub frames and
outputs the predicted values E2 (1, 1, k-1) to E2 (n, m, k=1)
twice in each frame. The modulation processing section 31¢
of the present example is provided with members 52¢, 524,
53¢, and 53d which are substantially identical with the mem-
bers 52a, 525, 53a, and 53d shown in FIG. 40. In the present
example, these members 52¢,524, 53¢, and 534 correspond to
correction means recited in claims.

[0569] However, being different from the arrangement
shown in FIG. 40, predicted values E2 (1, 1, k=1) to E2 (i, m,
k-1) to the correction processing section 52¢ and the predic-
tion processing section 53¢ are supplied not from the frame
memory 41a but from the frame memory 54. Predicted values
E1 (1, 1,k)to E1 (i, m, k) to the correction processing section
52d and the prediction processing section 53d are supplied
not from the frame memory 415 but from the prediction
processing section 53¢.

[0570] Also, as discussed above, in each frame, the pre-
dicted values E2 (1, 1, k-1)to E2 (%, m, k-1) and sets of video
data S1 (1, 1, k) to S1 (», m, k) are output twice, and the
prediction processing section 53¢ generates, as shown in FIG.
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42, the predicted values E1 (1, 1, k) to E1 (x, m, k) and output
them, twice in each frame. Although the number of predicted
values E1 which are output in each frame is different, the
prediction process and the circuit configuration of the predic-
tion processing section 53¢ are identical with those of the
prediction processing section 53a shown in FIG. 40.

[0571] Also, in each frame, predicted values E2 (1, 1,k-1)
to E2 (n, m, k-1) and sets of video data S1 (1, 1, k) to S1 (»,
m, k) are output twice. The correction processing section 52¢
generates and outputs sets of corrected video data S1o (1, 1,k)
to Slo (n, m, k) (during a time period of t41-t42), based on the
predicted values output in the first time. Furthermore, pre-
dicted values E1 (1, 1, k) to E1 (, m, k) and sets of video data
S2(1,1,k)to S2 (i, m, k) are output twice in each frame, and
the correction processing section 524 generates and outputs
sets of corrected video data S20 (1, 1, k) to S20 (n, m, k)
(during a time period of t42 to t43), based on the predicted
values and sets of video data output in the second time.
[0572] Since the sets of video data S2 (1, 1, k) to S2 (. m,
k) and the predicted values E1 (1, 1, k) to E1 (n, m, k) are
output twice in each frame, predicted values E2 (1, 1,k) to E2
(n, m, k) can be generated twice in each frame. However, in
the prediction processing section 53d of the present example,
ahalfofthe predicted values E (1, 1,k) to E2 (», m, k) and the
processes of generation and output of the predicted values E
(1, 1,k) to E2 (n, m, k) are thinned out, and predicted values
E (1, 1,k) to E2 (%, m, k) are generated and output once in each
frame. Timings to generate and output the predicted values E2
in each frame are different from the above, but the prediction
process is identical with that of the prediction processing
section 535 shown in FIG. 40. The circuit configuration is
substantially identical with the prediction processing section
535, but a circuit to determine a timing to perform the thin-out
and to thin out the generation processes and the output pro-
cesses is additionally provided.

[0573] As an example of the thin-out, the following will
describe an arrangement in which the prediction processing
section 534 thins out every other generation processes and
output processes, in case where the time ratio between the sub
frames SFR1 and SFR1 is 1:1. More specifically, during a
time period (of 141 to t42) in which video data S2 (i, j, k) and
a predicted value E1 (i, j, k) for the first time are output, the
prediction processing section 534 generates a predicted value
E2 (i, j, k) based on a predetermined odd-number-th or even-
number-th set of video data S2 (7, /, k) and predicted value E1
(i, J, k). On the other hand, in a time period (142 to t43) in
which a video data S2 (i, j, k) and a predicted value F1 (, j, k)
for the second time is output, the prediction process section
53d generates a predicted value E (i, , k) based on the remain-
ing video data and predicted value. With this, the prediction
processing section 53d can output all predicted values E2 (1,
1, k) to E2 (n, m, k) once in each frame, and the time length
required for outputting the predicted value E2 (i, j, k) is twice
as long as the case of FIG. 40.

[0574] In the present arrangement, in each frame, the pre-
dicted values E2 (1, 1,k) to E2 (», m, k) are written once in one
frame period. It is therefore possible to reduce the access
speed required by the frame memory 54 to ¥ of the arrange-
ment of FIG. 40. For example, in case of an XGA video
signal, since the dot clock of each set of video data (i, j, k) is
about 65 [MHz], the frame memories 51a and 515 shown in
FIG. 40 must support an access with a dot clock four times
higher than this, i.e. about 260 [MHz]. In the meanwhile,
being similar to the frame memory 41, the frame memory 54
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of the present example is required to support a dot clock only
three times higher than the above, i.e. about 195 [MHz].
[0575] Inthe case above, the generation processes and out-
put processes are alternately thinned out by the prediction
processing section 534 of the present example when the time
ratio between the sub frames SFR1 and SFR2 1s 1: 1. However,
even if the time ratio is differently set, the access speed that
the frame memory 54 is required to have can be decreased on
condition that a half of the output processes is thinned out, in
comparison with a case where the thin-out is not performed.
[0576] All storage areas (for two sub frames) of the frame
memory 54 may be accessible with the aforesaid access speed
but the frame memory 54 of the present example is composed
of two frame memories 54a and 545, and hence an access
speed that one of these frame memories is required to have is
further decreased.

[0577] More specifically, the frame memory 54 is com-
posed of two frame memories 54a and 54b each of which can
store predicted values E2 for one sub frame. To the frame
memory 54a, a predicted value F2 (i, j, k) is written by the
prediction processing section 534. Predicted values E2 (1, 1,
k-1) to E2 (n, m, k~1) for one sub frame, which have been
written in the previous frame FR (k-1), can be sent to the
frame memory 545, before these predicted values E2 (1, 1,
k-1)to E2 (n, m, k-1) are overwritten by predicted values E2
(1, 1, k) to E2 (, m, k) of the current frame FR (k). Since
reading/writing of predicted values E2 from/into the frame
memory 54a in one frame period is only performed once, the
frame memory 54a is required only to support an access with
a frequency identical with for the second time is output, the
prediction process section 534 generates a predicted value E
(1,j, k) based on the remaining video data and predicted value.
With this, the prediction processing section 534 can output all
predicted values E2 (1, 1,k) to E2 (, m, k) once in each frame,
and the time length required for outputting the predicted value
E2 (i, J, k) is twice as long as the case of FIG. 40.

[0578] In the present arrangement, in each frame, the pre-
dicted values E2 (1, 1, k) to E2 (», m, k) are written once in one
frame period. It is therefore possible to reduce the access
speed required by the frame memory 54 to 3% of the arrange-
ment of FIG. 40. For example, in case of an XGA video
signal, since the dot clock of each set of video data (i, j, k) is
about 65 [MHz], the frame memories 51a and 515 shown in
FIG. 40 must support an access with a dot clock four times
higher than this, i.e. about 260 [MHz]. In the meanwhile,
being similar to the frame memory 41, the frame memory 54
of the present example is required to support a dot clock only
three times higher than the above, i.e. about 195 [MHz].
[0579] Inthe case above, the generation processes and out-
put processes are alternately thinned out by the prediction
processing section 53d of the present example when the time
ratio between the sub frames SFR1 and SFR2 is 1:1. However,
even if the time ratio is differently set, the access speed that
the frame memory 54 is required to have can be decreased on
condition that a half of the output processes is thinned out, in
comparison with a case where the thin-out is not performed.
[0580] All storage areas (for two sub frames) of the frame
memory 54 may be accessible with the aforesaid access speed
but the frame memory 54 of the present example is composed
of two frame memories 54a and 545, and hence an access
speed that one of these frame memories is required to have is
further decreased.

[0581] More specifically, the frame memory 54 is com-
posed of two frame memories 54a and 54b each of which can
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store predicted values E2 for one sub frame. To the frame
memory 54a, a predicted value E2 (i, j, k) is written by the
prediction processing section 53d. Predicted values E2 (1, 1,
k-1) to E2 (n, m, k1) for one sub frame, which have been
written in the previous frame FR (k-1), can be sent to the
frame memory 54b, before these predicted values E2 (1, 1,
k=1)to E2 (n, m, k=1) are overwritten by predicted values E2
(1, 1, k) to E2 (n, m, k) of the current frame FR (k). Since
reading/writing of predicted values E2 from/into the frame
memory 544 in one frame period is only performed once, the
frame memory 54a is required only to support an access with
a frequency identical with the aforesaid frequency f.

[0582] On the other hand, the frame memory 544 receives
the predicted values E2 (1, 1, k-1) to E2 (#, m, k-1), and
outputs the predicted values E2 (1, 1,k-1) to E2 (», m, k-1)
twice in each frame. In this case, in one frame period, it is
necessary to write predicted values E2 for one sub frame once
and read out these predicted values E2 twice. On this account,
it is necessary to support an access with a frequency three
times higher than the frequency f.

[0583] In the arrangement above, the predicted values E2
stored in the frame memory 54a by the prediction processing
section 534 are sent to the frame memory 545 which is pro-
vided for outputting the predicted values E2 to the correction
processing section 52¢ and the prediction processing section
53¢. On this account, among the storage areas of the frame
memory 54, an area where reading is carried out twice in each
frame is limited to the frame memory 544 having a storage
capacity for one sub frame. FIG. 43 shows an example in
which sending from the frame memory 54a to the frame
memory 545 is shifted for one sub frame, in order to reduce a
storage capacity required for buffer.

[0584] As a result, as compared to the case where all stor-
age areas of the frame memory 54 can respond to a frequency
three times higher than the frequency f, it is possible to reduce
the size of the storage areas which can respond to an access
with a frequency three times higher than the frequency f, and
hence the frame memory 54 can be provided easily and with
lower costs.

[0585] In the case above, generation processes and output
processes of predicted values E2 are thinned out in the pre-
diction processing section 53d. Alternatively, only output
processes may be thinned out. In this case, predicted values
E1 (1, 1,k) to E1 (n, m, k) and sets of video data S2 (1, 1, k)
to S2 (n, m, k) are generated in such a way as to generate
predicted values E2 (1, 1, k) to E2 (, m, k) twice in each frame
period, and generation processes and output processes of
predicted values E2 based on the generated predicted values
are thinned out so that timings to generate the predicted
values E2 (1, 1, k) to E2 (», m, k) are dispersed across one
frame period. Alternatively, the following arrangement may
be used.

[0586] The modulation processing section includes: cor-
rection processing sections 52¢ and 52d which correct plural
sets of video data S1 (7, j, k) and S2 (i, j, k) generated in each
frame period and output sets of corrected video data Slo (i, j,
k) and S2o (i, j, k) corresponding to respective sub frames
SFR1 (k) and SFR2 (k) constituting the frame period, the
number of sub frames corresponding to the number of afore-
said plural sets of video data; and a frame memory 54 which
stores a predicted value E2 (i, j, k) indicating luminance that
the sub pixel SPIX (i, j) reaches at the end of the period in
which the sub pixel SPIX (i, j) is driven by corrected video
data S20 (i.],k) corresponding to the last sub frame SFR2 (£).
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When video data S1 (i, j, k) or S2 (i, j, k), which is the target
of correction, corresponds to the first sub frame SFR1 (k) (i.e.
in the case of video data S1 (i, J, k)), the correction processing
section 52¢ corrects the video data S1 (7, j, k) in such a way as
to emphasize the grayscale transition from the luminance
indicated by the predicted value E2 (i, j, k~1) read out from
the frame memory 54 to the luminance indicated by the video
data S1 (j, j, k). Also, when video data S1 (i, j, k) or S2 (i, j, k),
which is the target of correction, corresponds to the second
sub frame or one of the subsequent sub frames (i.e. in the case
ofvideo dataS2 (i, j, k)), the prediction processing section 53¢
of the modulation processing section and the correction pro-
cessing section 52d predict the luminance of the sub pixel
SPIX (i, ) at the start of the sub frame SFR2 (), based on the
video data S2 (i, j, k), the video data S1 (i, j, k) corresponding
to the previous sub frame SFR1 (%), and the predicted value
E2 (i, j, k~1) stored in the frame memory 54, and then correct
the video data S2 (i, j, k) in such a way as to emphasize the
grayscale transition from the predicted luminance (i.e. lumi-
nance indicated by E1 (i, j, k)) to the luminance indicated by
the video data S2 (i, , k). Furthermore, when video data S1 (;,
J, k) or S2 (i, j, k), which is the target of correction, corre-
sponds to the last sub frame SFR2 (k) (i.e. in the case of video
data S2 (i, j, k)), the prediction processing sections 53¢ and
53d in the modulation processing section predict the lumi-
nance of the sub pixel SPIX (i, j) at the end of the sub frame
SFR2 (k) corresponding to the video data S2 (7, j, k) which is
the target of correction, based on the video data S2 (i, j, k), the
video data S1 (i, j, k) corresponding to the previous sub frame
SFR1 (k), and the predicted value E2 (i, j, k&~1) stored in the
frame memory 54, and then stores the predicted value E2 (7, j,
k), which indicates the result of the prediction, in the frame
memory 54.

[0587] In the arrangement above, being different from the
arrangement shown in F1G. 40, the sets of video data S1 (i, j,
k) and S2 (i, j, k) can be corrected without each time storing,
in the frame memory, the results E1 (i, j. k) and E2 (i, j, k) of
the prediction of the luminance that the sub pixel SPIX (i, j)
reaches at the end of the sub frame SFR2 (k-1) and the sub
frame SFR1 (k-1) which are directly prior to the sub frames
SFR1 (k) and SFR2 (k) corresponding to the sets of video data
S1(i,j, k) and S2 (i, j, k).

[0588] As a result, an amount of data of predicted values
stored in the frame memory in each frame period is reduced as
compared to a case where the result of prediction in each sub
frame is each time stored in the frame memories (51a and
51b) as shown in FIG. 40. Because of the reduction in data
amount, even in a case, for example, where the access speed
that the frame memory is required to have is reduced by
providing buffer or the like, the reduction in the access speed
can be achieved by providing a smaller circuit.

[0589] As shown in FIG. 42, however, it is possible to
reduce the access speed that the frame memory is required to
have without providing new buffer, by an arrangement such
that the prediction processing section 534 thins out a half of
predicted values E (1, 1, k) to E2 (», m, k) and generation
processes and output processes of the predicted values E (1, 1,
k)to E2 (», m, k), and the predicted values E (1,1, k) to E2 (»,
m, k) are generated and output once in each frame.

[0590] Inthe case above, the modulation processing section
31 or 31a performs prediction-type grayscale transition
emphasizing process. Alternatively, for example, the modu-
lation processing section 31 may be constructed as a modu-
lation processing section 31e shown in FIG. 44. This modu-
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lation processing section 31e is substantially identical with
the modulation processing section 31 shown in FIG. 16, but
the prediction processing section 53 is not provided, the
frame memory 51 stores video data D (i, j, k) of the current
frame FR (k) until the next frame FR (k+1) has come, in place
of a predicted value E (i, j, k), and supplies video data D (i, j,
k-1) stored in the previous frame FR (k-1) to the correction
processing section 52, in place of a predicted value E (i, j,
k-1). The correction processing section 52 corrects video
dataD (i, j, k) based on video data D (i, j, k-1) of the previous
frame FR (k-1) and video data D (i, j, k) of the current frame
FR (k), in such a way as to emphasize grayscale transition of
both sets of data. In this case, the modulation processing
section 31e assumes that the sub pixel SPIX (i, j) reaches to
the luminance indicated by video data D (1, j, k) at the start of
the next frame FR (k+1) on account of the drive based on
video data D (i, j, k) of the current frame FR (k).

[0591] Similarly, the modulation processing section 31a
may be constructed as a modulation processing section 31fas
shown in FIG. 45. The modulation processing section 31fis
substantially identical with the modulation processing sec-
tion 314 shown in FIG. 40, but the prediction processing
sections 53a and 535 are omitted, the frame memories 51a
and 515 store sets of video data S1 (i, j, k) and S2 (7, j, k) until
the next frame FR (k+1) has come, in place of predicted
values E1 (i, j, k) and E2 (i, j, k), and the video data S1 (i, J,
k-1) or S2 (i, j, k-1) which has been stored in the previous
frame FR (k-1), is supplied to the correction processing sec-
tion 52a or 535, in place of the predicted values E1 (i, j, k-1)
and E2 (i, j, k&~1). The correction processing section 52a
corrects video data S1 (i, j, k) based onvideo data S2 (i, j, &-1)
ofthe previous frame FR (k-1)and video data S1 (i, , k) of the
current frame FR (k), in such a way as to emphasize grayscale
transition thereof. Similarly, the correction processing sec-
tion 52 corrects video data S2 (i, j, k) based on video data S1
(i, J. k-1) of the current frame FR (k) and video data S2 (i, j,
k) of the current frame FR (k), in such a way as to emphasize
grayscale transition thereof. In the case above, the modulation
processing section 31fassumes that the sub pixel SPIX (i, j)
reaches, at the start of the next sub frame SFR2 (%), the
luminance indicated by the video data S1 (j, j, k), by the drive
based on video data S1 (i, j, k) of the current frame FR (k). It
is also assumed that, by the drive based on video data S2 (j, j,
k) of the current frame FR (k), the sub frame SPIX (i, j)
reaches to the luminance indicated by video data S2 (i, j, k) at
the start of the next sub frame SFR1 (k+1).

[0592] Also in the arrangement above, it is possible to
perform correction to emphasize grayscale transition in each
sub pixel SPIX, with respect to video data D, video data S1,
and video data S2. Tt is therefore possible to improve the
response speed of each sub pixel SPIX by the grayscale
transition emphasis and improve the quality of moving
images on the pixel array 2 by simulating impulse-type light
emission.

[0593] Furthermore, also in the arrangement above, video
data S1 falling within the range for dark display indicates a
dark grayscale which is not black. On this account, the speed
to respond to intermediate luminance is significantly
improved as compared to a case where all of sets of video data
S1and 82 for sub frames SFR1 and SFR2 indicate black when
video data D indicates black, and hence the quality of moving
images is significantly improved.

[0594] Moreover, in the arrangement above, the LUTs 42
and 43 of the sub frame processing section (32, 32a, 32¢)
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store a parameter indicating gamma-converted video data of
each sub frame, so that the LUTs 42 and 43 can function not
only as the LUTSs 542 and 543 for time-sharing drive but also
asthe LUT 533« for gamma conversion, shown in F1G. 15. As
aresult, the circuit size is reduced because of the omission of
the LUT 533a for gamma conversion as compared to the
arrangement shown in FIG. 15, and hence the circuit size
required for the signal processing circuit is significantly
reduced.

[0595] Inthe arrangement above, video data D is corrected
in reference to video data D which has been input to the sub
pixel SPIX (i, j), in such a way as to emphasize grayscale
transition. Alternatively, the modulation processing section
(31-31/) may be omitted. Also in this case, the circuit size
required for the signal processing circuit 21 can be signifi-
cantly reduced, on condition that the LUTs 42 and 43 of the
sub frame processing section (32, 324, 32¢) store a parameter
indicating gamma-converted video data of each sub frame.
[0596] In the arrangement above, since a frame is divided
into sub frames, a faster response is required. However, when
the response speed of a sub pixel SPIX is slow because it is,
for example, a liquid crystal element, the requirement may
not be satisfied. In such a case, the arrangement above, which
is to improve a response speed of a sub pixel SPIX by empha-
sizing grayscale transition by providing a modulation pro-
cessing section, is particularly effective.

[0597] In the arrangement above, in the pixel array 2, one
pixel is constituted by sub pixels SPIX for respective colors,
and hence color images can be displayed. However, effects
similar to the above can be obtained even if the pixel array is
a monochrome type.

[0598] Inthe arrangement above, the control circuit (44 and
4dc) refers to the same LUT (42, 43) irrespective of changes
in the circumstance of the image display device 1, an example
of such changes is temperature change which causes temporal
change in luminance of a pixel (sub pixel). Alternatively, the
following arrangement may be adopted: plural LUTs corre-
sponding to respective circumstances are provided, sensors
for detecting circumstances of the image display device 1 are
provided, and the control circuit determines, in accordance
with the result of detection by the sensors, which LUT is
referred to at the time of generation of video data for each sub
frame. According to this arrangement, since video data for
each sub frame can be changed in accordance with the cir-
cumstances, the display quality is maintained even if the
circumstances change.

[0599] For example, the response characteristic and gray-
scale luminance characteristic ofa liquid crystal panel change
in accordance with an environmental temperature (tempera-
ture of an environment of the panel 11). For this reason, even
if the same video signal DAT is supplied, an optimum value as
video data for each sub frame is different in accordance with
the environmental temperature.

[0600] Therefore, when the panel 11 is a liquid crystal
panel, LUTs (42 and 43) suitable for respective temperature
ranges which are different from each other are provided, a
sensor for measuring the environmental temperature is pro-
vided, and the control circuit (44, 44¢) switches the LUT to be
referred to, in accordance with the result of the measurement
of the environmental temperature by the sensor. With this, the
signal processing section (21-21f) including the control cir-
cuit can generate a suitable video signal DAT2 even if the
same video signal DAT is supplied, and send the generated
video signal to the liquid crystal panel. On this account, image
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display with suitable luminance is possible in all envisioned
temperature ranges (e.g. 0° C. 10 65° C.).

[0601] Inthe arrangement above, the LUTs 42 and 43 store
a gamma-converted value indicating video data of each sub
frame so that the LUTs 42 and 43 function not only as the
LUT 142 and 143 for time-sharing drive shown in FIG. 7 but
also as the LUT 1334 for gamma conversion. Alternatively, in
place of the LUTs 42 and 43, LUTs 142 and 143 identical with
those in FIG. 7 and a gamma correction circuit 133 may be
provided. The gamma correction circuit 133 is unnecessary if
gamma correction is unnecessary.

[0602] Inthe arrangement above, the sub frame processing
section (32, 32¢) mainly divides one frame into two sub
frames. Alternatively, in case where video data (input video
data) periodically supplied to a pixel indicates luminance
lower than a predetermined threshold, the sub frame process-
ing section may set at least one of sets of video data (S1o and
S20; S1 and S2) for each sub frame at a value indicating
luminance falling within a predetermined range for dark dis-
play, and may control the time integral value of luminance of
the pixel in each frame period by increasing or decreasing at
least one of the sets of remaining video data for each sub
frame. Also, when the input video data indicates luminance
higher than the predetermined threshold, the sub frame pro-
cessing section may set at least one of the sets of video data for
each sub frame at a value indicating luminance falling within
a predetermined range for light display, and may control the
time integral value of luminance of the pixel in each frame
period by increasing or decreasing at least one of the remain-
ing video data for each sub frame.

[0603] By this arrangement, it is possible to provide, at least
once in each frame period in most cases, a period in which
luminance of the pixel is lower than those of other periods,
and hence the quality of moving images is improved. In the
case of light display, luminance of the pixel in the periods
other than the light display period increases as the luminance
indicated by input video data increases. On this account, it is
possible to increase the time integral value of luminance of
the pixel in the whole frame period as compared to a case
where dark display is performed at least once in each frame
period, and hence brighter image display is possible.

[0604] In the arrangement above, in a case of dark display,
one of the aforesaid sets of output video data is set at a value
indicating luminance for dark display. On this account, in the
dark display period, it is possible to widen the range of view-
ing angles in which the luminance of the pixel falls within an
allowable range. Similarly, in acase oflight display, since one
of the sets of output video data is set at a value indicating
luminance for dark display, it is possible to widen the range of
viewing angles in which the luminance of the pixel falls
within an allowable range, in the dark display period. As a
result, problems such as whitish appearance are restrained in
comparison with a case where time-sharing drive is not car-
ried out, and the range of viewing angles is widened.

[0605] Also, as described in the embodiments above, when
the number of the pixel is more than one, the following
arrangement may be adopted in addition to the arrangement
above: in accordance with input video data for each pixel, the
generation means generates, in each input cycle, predeter-
mined sets of output video data supplied to each pixel, the
correction means corrects the output video data for each pixel
and stores a prediction result for each pixel in the prediction
result storage section, the generation means generates, for
each pixel, predetermined sets of output video data in each
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input cycle, the correction section reads out, for all pixels,
prediction results for the respective pixels for the predeter-
mined times in each input cycle, and among these prediction
results and sets of output video data, for all pixels, at least one
process of writing of the prediction result is thinned out from
processes of prediction of luminance at the end and processes
of storing the prediction result, which can be performed plural
times in each input cycle.

[0606] In this arrangement, the number of sets of output
video data generated in each input cycle is determined in
advance, and the number of times the prediction results are
read out in each input cycle is equal to the number of sets of
output video data. On this account, based on the sets of output
video data and the prediction results, it is possible to predict
the luminance of the pixel at the end for plural times and store
the prediction results. The number of the pixels is plural and
the reading process and the generation process are performed
for each pixel.

[0607] In the arrangement above, at least one process of
writing of the prediction result is thinned out among the
prediction processes and processes of storing prediction
results which can be performed plural times in each input
cycle.

[0608] Therefore, in comparison with the arrangement of
no thin-out, it is possible to elongate the time interval of
storing the prediction result of each pixel in the prediction
result storage section, and hence the response speed that the
prediction result storage section is required to have can be
lowered.

[0609] An effect can be obtained by thinning out at least
one writing process. A greater effect is obtained by reducing,
for each pixel, the number oftimes of writing processes by the
correction means to one in each input cycle.

[0610] Regardless of whether a writing process is thinned
out or not, when the dark display period or light display
period is provided, as described in the embodiments, in addi-
tion to the above, sets of video data for the remaining sub
frames other than a particular one set of video data are pref-
erably set at a value indicating luminance falling within a
predetermined range for dark display or a value indicating
luminance falling within a predetermined range for light dis-
play, and the time integral value of luminance of the pixel in
one frame period is controlled by increasing or decreasing the
particular set of video data.

[0611] According to this arrangement, among sets of video
data for each sub frame, sets of video data other than the
particular set of video data are set at a value indicating lumi-
nance falling within a predetermined range for dark display or
a value indicating luminance falling within a predetermined
range for light display. On this account, problems such as
whitish appearance are restrained and the range of viewing
angles is increased, as compared to a case where sets of video
data for plural sub frames are set at values falling within
neither of the ranges above.

[0612] Video data for each sub frame is preferably set so
that the temporal barycentric position of the luminance of the
sub pixel in one frame period is set so as to be close to the
temporal central position of said one frame period.

[0613] More specifically, in the sub frame processing sec-
tion (32,32¢), in a region where luminance indicated by input
video data is lowest, a set of video data corresponding to a sub
frame closest to the temporal central position of the frame
period, among sub frames constituting one frame period, is
selected as the particular set of video data, and the time
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integral value of luminance of the pixel in one frame period is
controlled by increasing or decreasing the value of the par-
ticular set of video data.

[0614] As the luminance indicated by input video data
gradually increases and the predetermined sets of video data
falls the predetermined range for light display, the video data
of that sub frame is set at a value falling within that range, and
a set of video data which 1s closest to the temporal central
position of the frame period, among the remaining sub
frames, is selected as the particular set of video data, and the
time integral value of luminance of the pixel in one frame
period is controlled by increasing or decreasing the value of
the particular set of video data. The selection of the sub frame
corresponding to the particular set of video data is repeated
each time the particular set of video data falls within the
predetermined range for light display.

[0615] In the arrangement above, regardless of the lumi-
nance indicated by input video data, the temporal barycentric
position of the luminance of the sub pixel in one frame period
is set so as to be close to the temporal central position of said
one frame period. It is therefore possible to prevent the fol-
lowing problem: on account of a variation in the temporal
varycentric position, needless light or shade, which is not
viewed in a still image, appears at the anterior end or the
posterior end of a moving image, and hence the quality of
moving images is deteriorated. The quality of moving images
is therefore improved.

[0616] When the increase in the range of viewing angle is
preferred to the reduction in the circuit size, the signal pro-
cessing section (21-21f) preferably sets the time ratio of the
sub frame periods in such a way as to cause a timing to switch
a sub frame corresponding to the particular set of video data
to be closer to a timing to equally divide a range of brightness
that the pixel can attain than a timing to equally divide arange
of luminance that the pixel can attain.

[0617] According to this arrangement, it is possible to
determine in which sub frame the luminance to be mainly
used for controlling the luminance in one frame period is
attained, with appropriate brightness. On this account, it is
possible to further reduce human-recognizable whitish
appearance as compared to a case where the determination is
made at a timing to equally dividing a range of luminance, and
hence the range of viewing angles is further increased.
[0618] Inthe case above, the signal processing section cor-
rects values (sets of video data Sol, So2, Slo, S20) of the
video signal DAT2 supplied to the data signal line drive
circuit 3 so as to attain a dark grayscale other than black in at
least one sub frame period. This arrangement, however, is not
always necessary.

[0619] Instead of correcting a video signal DAT2, the fol-
lowing arrangement may be adopted: the luminance in at least
one sub frame periods is set at a dark grayscale other than
black in such a manner that, for example, the data signal line
drive circuit 3 controls a voltage applied to the sub pixel SPIX
(i, j) in reference to the video signal DAT2.

[0620] More specifically, to drive a liquid crystal display
device which drives a liquid crystal cell in a vertical align-
ment mode by anormally black mode, following steps may be
performed: (1) in case where input video data which is input to
a pixel of a liquid crystal panel indicates luminance lower
than a predetermined threshold value, setting luminance of
the pixel in at least one divided periods at luminance falling
within a predetermined range for dark display, and control-
ling luminance of the pixel in the remaining divided periods
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$0 as to control a time integral value of luminance of the pixel
in a unit period for drive based on the input video data, the
divided periods being generated by dividing the unit period
into plural periods; and (ii) in case where the input video data
indicates luminance higher than the predetermined threshold
value, setting luminance of the pixel in at least one of the
divided periods at luminance falling within a predetermined
range for light display, and controlling luminance of the pixel
in the remaining divided periods so as to control a time
integral value of luminance of the pixel in the unit period, in
the step (i), luminance of the pixel being controlled so as to be
luminance other than black, when the input video data indi-
cates black.

[0621] According to this arrangement, being similar to the
embodiments above, it is possible to provide in most cases at
least one period in which luminance of the pixel is lower than
that of other sub frame periods, in each frame period. On this
account, the quality of moving images displayed on the liquid
crystal display device can be improved. In a case of light
display, as the luminance indicated by input data increases,
the luminance of the pixel in periods other than the sub frame
period (light display period) in which the luminance is set so
as to fall within a predetermined range for light display
increases. On this account, it is possible to realize the liquid
crystal display device which can perform brighter display.
[0622] Furthermore, in the arrangement above, being simi-
lar to the embodiments above, when input video data indi-
cates black, at least one of the sub frame periods is controlled
to have luminance other than black. As a result, the speed to
respond to intermediate luminance is significantly improved
as compared to a case where all sub frame periods (=one
frame period) are controlled to be black display when input
image data indicates black, and hence the quality of moving
images is significantly improved.

[0623] As a result, it is possible to realize a liquid crystal
display device which is brighter, has a wider range of viewing
angles, has a faster response speed, and produces moving
images with better quality.

[0624] However, if, as in the embodiments above, the signal
processing section corrects a video signal DAT?2 (sets of video
data Sol and S02; S1 and S20) supplied to the data signal line
drive circuit 3 so that luminance of at least one of sub frames
is set at a dark grayscale other than black, it is unnecessary to
change the data signal line drive circuit 3. On this account, the
liquid crystal display device which is driven by the aforesaid
drive method can be relatively easily realized.

[0625] In the embodiments above, the liquid crystal cell
111 is arranged as shown in FIG. 5 or 7 so that the alignment
direction of liquid crystal molecules in the pixel is divided
into four. An alternative arrangement, however, may be
adopted.

[0626] Forexample, slits 1235 may be provided in place of
the protrusions 1234 shown in FIG. 7, which are formed on
the pixel electrodes 121a. Also, protrusions 123e¢ may be
formed in place of the slits 1235 on the opposing electrode
1215. In any case, an oblique electric field is formed around
the protrusion 123q or slit 1235 when a voltage is applied, and
liquid crystal molecules around the member (the protrusion
1234 or slit 123b) are aligned in accordance with the electric
field. Also, on account of the continuity of liquid crystal, the
alignment direction of liquid crystal molecules away from
that member is determined after the alignment direction in the
region around the member is determined. Therefore, as in the
case of FIGS. 5-7, a response speed from black display is
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slow. As a result, the effects of the embodiments above can be
obtained when the liquid crystal cell with this arrangement is
adopted as the liquid crystal cell of the pixel array 2.

[0627] As another structure, in a liquid crystal cell adopting
pixel electrodes 121a shown in FIG. 47, the protrusions 1234
and slits 1235 shown in FIG. 7 are omitted, and a quadrilateral
protrusion 124 is provided on the pixel electrodes 121a.
Being similar to the protrusions 1234, the quadrilateral pro-
trusion 124 can be formed by applying photosensitive resin
on the pixel electrodes 121a and performing photolithogra-
phy.

[0628] Also in this arrangement, liquid crystal molecules
are aligned so as to be orthogonal to each inclined surface,
around the protrusion 124. When a voltage is applied, an
electric field around the protrusion 124 is tilted towards the
direction in parallel to the inclined surface of the protrusion
124. As a result, when a voltage is applied, an in-plane com-
ponent of the alignment angle of liquid crystal molecules is
identical with the in-plane component (direction P1, P2, P3,
or P4) of the normal direction of the closest inclined surface.
On this account, the pixel region is divided into four domains
D1-D4 having different alignment directions when tilted.
Furthermore, the alignment direction of liquid crystal mol-
ecules away from the protrusion 124 are determined by the
continuity of liquid crystal, after the alignment direction of
the liquid crystal molecules around the protrusion 124 is
determined. On this account, as in the case of FIGS. 5-7, the
response speed from black display is slow. As a result, effects
similar to those of the embodiments above can be obtained
even when the above-described liquid crystal cell is adopted
as the liquid crystal cell of the pixel array 2.

[0629] For example, in a case of a large (e.g. 40 inches)
liquid crystal television receiver, the size of each pixel is large
(about 1 mm square). On this account, the alignment restrain-
ing force may be weak and alignment may be volatile, when
only one protrusion 124 is provided in each pixel electrode
121a. Therefore, when the alignment restraining force may
be insufficient, plural protrusions 124 are preferably provided
on each pixel electrode 121a.

[0630] As shown in FIG. 47, the multi-domain alignment
can also be realized by providing an alignment control win-
dow (where no electrode is formed) 125 which is arranged
such that, on the opposing electrode 1215 of the opposing
substrate 1115, a Y-shaped slit is connected in a vertically
symmetrical manner (in the direction in parallel to one of the
sides of the pixel electrode 121 having a substantially square
shape).

[0631] In this arrangement, on the surface of the opposing
substrate 111, in a region directly below the alignment con-
trol window 125, an electric field sufficient to tilt liquid crys-
tal molecules is not formed in response to voltage application,
and hence the liquid crystal molecules are vertically aligned.
On the other hand, on the surface of the opposing substrate
1115, an electric field is formed in a region around the align-
ment control window 125. This electric field spreads toward
the opposing substrate 1115, in such a way as to avoid the
alignment window 125. The longitudinal axes of the liquid
crystal molecules tilt toward the direction vertical to the elec-
tric field, and the in-plane components of the alignment direc-
tions of liquid crystal molecules become substantially verti-
cal to each side of the alignment control window 125, as
indicated by arrows in the figure.

[0632] Also in this arrangement, the alignment of liquid
crystal molecules away from the alignment control window
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125 is determined by the continuity of liquid crystal, after the
alignment of liquid crystal molecules around the alignment
control window 125 is determined. On this account, as in the
case shown in FIGS. 5-7, the response speed from black
display is slow. On this account, effects similar to those of the
embodiments above are obtained when the aforesaid liquid
crystal cell is adopted as the liquid crystal cell of the pixel
array 2.

[0633] Inthe case above, liquid crystal molecules have four
different orientations. Alternatively, as shown in FIGS. 48
and 49, similar effects are obtainable by adopting a liquid
crystal cell 111 which is aligned in a radial pattern.

[0634] More specifically, in the structure shown in FIG. 48,
a protrusion 126 with a substantially semi-sphere shape is
provided in place of the protrusion 124 shown in FIG. 46.
Also in this case, around the protrusion 126, liquid crystal
molecules are aligned to be vertical to the surface of the
protrusion 126. When a voltage is applied, an electric field
around the protrusion 126 tilts toward the direction in parallel
to the surface of the protrusion 126. As a result, when a
voltage is applied, liquid crystal molecules tend to tilt in a
radial pattern in the in-plane direction from the protrusion
126, and hence the liquid crystal molecules in the liquid
crystal cell 111 are obliquely aligned in a radial pattern. The
protrusion 126 can be formed by similar steps as the forma-
tion of the protrusion 124. Also, being similar to the protru-
sion 124, plural protrusions 126 are preferably provided on
each pixel electrode 121a, when the alignment restraining
force is insufficient.

[0635] Also in this arrangement, the alignment of liquid
crystal molecules away from the protrusion 126 is determined
by the continuity of liquid crystal after the alignment of liquid
crystal molecules around the protrusion 126 is determined,
and as in the case of FIGS. 5-7, the response speed from black
display is slow. As a result, effects similar to those of the
embodiments above can be obtained when the aforesaid lig-
uid crystal cell is adopted as the liquid crystal cell of the pixel
array 2.

[0636] Inthe arrangement shown in FIG. 49, in place of the
protrusion 124 shown in FIG. 46, a circular slit 127 is formed
on the pixel electrode 121a. With this, when a voltage is
applied, an electric field enough to tilt liquid crystal mol-
ecules is not formed in a region directly above the slit 127 on
the surface of the pixel electrode 121a. Therefore, in this
region, liquid crystal molecules are vertically aligned even
when a voltage is applied. On the other hand, in a region
around the slit 127 on the surface of the pixel electrode 1214,
an electric field spreads so as to avoid the slit 127, towards the
slit 127 in thickness direction. The longitudinal axes of the
liquid crystal molecules tilt towards the vertical direction, and
the liquid crystal molecules away from the slit 127 also tilt in
a similar manner, on account of the continuity of liquid crys-
tal. Therefore, when a voltage is applied to the pixel electrode
121a, the in-plane components of the alignment orientation
spreads in a radial pattern from the slit 127, i.e. in axial
symmetry centering on the center of the slit 127, as indicated
by arrows in the figure. Since the tilt of the electric field
changes in accordance with an applied voltage, the compo-
nent, in parallel to the normal of the substrate, of the align-
ment orientation of the liquid crystal molecules (i.e. tilt angle)
can be controlled by an applied voltage. As the applied volt-
age increases, the tilt angle with respect to the normal of the
substrate increases, and the liquid crystal molecules are
aligned to be substantially in parallel to the display screen and
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to be in a radial pattern in plane. Being similar to the protru-
sion 126, plural slits 127 are preferably provided on each
pixel electrode 1214, in case where the alignment restraining
force 1s insufficient.

[0637] Also in this arrangement, the alignment of liquid
crystal molecules away from the slit 127 is determined by the
continuity of liquid crystal after the alignment of liquid crys-
tal molecules around the slit 127 is determined, and as in the
case of FIGS. 5-7, the response speed from black display is
slow. As a result, effects similar to those of the embodiments
above can be obtained when the aforesaid liquid crystal cell is
adopted as the liquid crystal cell of the pixel array 2.

[0638] In the pixel electrode 121a, a region (slit) where no
electrode is formed may be replaced with a region where an
electrode is formed. More specifically, in the pixel electrode
121a shown in FIG. 50, plural slits 128 are arranged so that
the centers thereof form square lattice, and a central real part
(hereinafter, unit central real part) 129, which is substantially
enclosed by four slits 128 whose centers are on the respective
four lattice points forming one unit lattice, has a substantially
circle form. Each slit 128 has four edges each of which is a
quarter circular arc, and is a substantially star-shaped with
four rotation axes. The aforesaid pixel electrode 121a is also
made of a conductive film (e.g. ITO film). The slits 128 are
formed by, for example, after forming a conductive film,
removing the conductive film so as to shape the slits 128 as
above. While plural slits 128 are formed in each pixel elec-
trode 121a, the central real part 129 is basically formed by a
continuous single conductive film.

[0639] Also in this arrangement, when a voltage is applied
to the pixel electrode 1214, an electric field tilted with respect
to the surface of the substrate is formed in a region (edge
region) around the border between the central real part 129
and the slit 128, and the liquid crystal molecules in the edge
region tilt in accordance with the electric field. The alignment
of the liquid crystal molecules away from the edge region is
determined by the continuity of liquid crystal, after the align-
ment of the liquid crystal molecules around the slit 128 is
determined. Therefore, as in the case of FIGS. 5-7, the
response speed from black display is slow. As a result, effects
similar to those of the embodiments above can be obtained
when the aforesaid liquid crystal cell is adopted as the liquid
crystal cell of the pixel array 2.

[0640] In the case above, the centers of the respective slits
128 are arranged so as to form square lattice. Alternatively,
the shape of the lattice may be rectangle or the like. Also,
although each of the slit 127 and the central real part 129 as
described above has a substantially circular shape, each of
these members may be, for example, elliptical-shaped or
square-shaped.

[0641] In any case, effects similar to the above can be
obtained on condition that a liquid crystal cell is arranged
such that liquid crystal cells are vertically aligned when no
voltage is applied, an oblique electric field is formed in a
region (edge region) around the border between a part where
an electrode is formed and a part where no electrode is
formed, when a voltage is applied to the pixel electrode, and
the alignment of liquid crystal molecules is determined by the
electric field.

[0642] However, as shown in FIG. 50, it is possible to
realize an image display device 1 having better viewing angle
characteristic when the centers of slits 128 form square lattice
and each of central real parts 129 has a substantially circular
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shape, because the alignment orientations of liquid crystal
molecules in a pixel PIX (i, j) are evenly dispersed.

[0643] In the embodiments above, the members constitut-
ing the signal processing circuit (21-21f) are hardware. Alter-
natively, at least one of the members may be realized by a
combination of a program for realizing the aforesaid function
and hardware (computer) executing the program. For
example, the signal processing circuit may be realized as a
device driver which is used when a computer connected to the
image display device 1 drives the image display device 1. In
case where the signal processing circuit is realized as a con-
version circuit which is included in or externally connected to
the image display device 1 and the operation of a circuit
realizing the signal processing circuit can be rewritten by a
program such as firmware, the software may be delivered as a
storage medium storing the software or through a communi-
cation path, and the hardware may execute the software. With
this, the hardware can operate as the signal processing circuit
of the embodiments above.

[0644] In the cases above, the signal processing circuit of
the embodiments above can be realized by only causing hard-
ware capable of performing the aforesaid functions to execute
the program.

[0645] More specifically, CPU or computing means consti-
tuted by hardware which can perform the aforesaid functions
execute a program code stored in a storage device such as
ROM and RAM, so as to control peripheral circuits such as an
input/output circuit (not illustrated). In this manner, the signal
processing circuit of the embodiments above can be realized.
[0646] In this case, the signal processing circuit can be
realized by combining hardware performing a part of the
process and the computing means which controls the hard-
ware and executes a program code for remaining process.
Among the aforesaid members, those members described as
hardware may be realized by combining hardware perform-
ing a part of the process with the computing means which
controls the hardware and execute a program code for remain-
ing process. The computing means may be a single member,
or plural computing means connected to each other by an
internal bus or various communication paths may execute the
program code in cooperation.

[0647] A program code which is directly executable by the
computing means or a program as data which can generate the
program code by a below-mentioned process such as decom-
pression is stored in a storage medium and delivered or deliv-
ered through communication means for transmitting the pro-
gram code or the program by a wired or wireless
communication path, and the program or the program code is
executed by the computing means.

[0648] To perform transmission via a communication path,
transmission mediums constituting the transmission path
transmit a series of signals indicating a program, so that the
program is transmitted via the communication path. To trans-
mit a series of signals, a sending device may superimpose the
series of signals indicating the program to a carrier wave by
modulating the carrier wave by the series of signals. In this
case, a receiving device demodulates the carrier wave so that
the series of signals is restored. In the meanwhile, to transmit
the series of signals, the sending device may divide the series
of signals, which are series of digital data, into packets. In this
case, the receiving device connects the supplied packets so as
to restore the series of signals. Also, to send a series of signals,
the sending device may multiplex the series of signals with
another series of signals by time-sharing, frequency-division,
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code-division, or the like. In this case, the receiving device
extracts each series of signals from the multiplexed series of
signals and restore each series of signals. In any case, effects
similar to the above can be obtained when a program can be
sent through a communication path.

[0649] A storage medium for delivering the program is
preferable detachable, but a storage medium after the delivery
of the program is not required to be detachable. As long as the
program is stored, the storage medium may be or may not be
rewritable, may be or may not be volatile, can adopt any
recording method, any can have any shape. Examples of the
storage medium are a tape, such as a magnetic tape and a
cassette tape; a magnetic disk, such as a flexible disk and a
hard disk; a disc including an optical disc, such as a CD-
ROM/MO/MD/DVD; a card, such as an IC card; and a semi-
conductor memory, such as a mask ROM, an EPROM (Eras-
able Programmable Read Only Memory), an EEPROM
(Electrically Erasable Programmable Read Only Memory),
or a flash ROM. Also, the storage medium may be a memory
formed in computing means such as a CPU.

[0650] The program code may instruct the computing
means to execute all procedures of each process. Alterna-
tively, if a basic program (e.g. operation system and library)
which can execute at least a part of the processes by perform-
ing calling by a predetermined procedure has already existed,
at least a part of the procedures may be replaced with a code
or a pointer which instructs the computing means to call the
basic program.

[0651] The format of a program stored in the storage
medium may be a storage format which allows the computing
means to access and execute the program, as in the case of real
memory, may be a storage format before being stored in real
memory and after being installed in a local storage medium
(e.g. real memory or a hard disc) to which the computing
means can always access, or may be a storage format before
being installed from a network or a portable storage medium
to the local storage medium. The program is not limited to a
compiled object code. Therefore the program may be stored
as a source code or an intermediate code generated in the
midst of interpretation or compilation. In any case, effects
similar to the above can be obtained regardless of the format
for storing a program in a storage medium, on condition that
the format can be converted to a format that the computing
means is executable, by means of decompression of com-
pressed information, demodulation of modulated informa-
tion, interpretation, completion, linking, placement in real
memory, or a combination of these processes.

INDUSTRIAL APPLICABILITY

[0652] According to the present invention, when input
video data indicates black, luminance which is not black is
attained in at least one of divided periods. On this account, it
is possible to provide a liquid crystal display device which is
brighter, has a wider range of viewing angles, has a faster
response speed, and has better moving image quality. On this
account, the present invention can be suitably and widely
used as a driver of various liquid crystal display devices such
as a liquid crystal television receiver and a liquid crystal
monitor.

1. A drive method of a liquid crystal display device which
drives a liquid crystal cell in a vertical alignment mode by a
normally black mode,
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the method comprising the step of:

(1) generating predetermined plural sets of output video
data supplied to a pixel, in response to each input cycle
of inputting input video data to the pixel, said plural sets
of output video data being generated for driving the pixel
in a time-sharing fashion,

the step (i) including the sub steps of:

(I) in case where the input video data indicates luminance
lower than a predetermined threshold, setting luminance
of at least one of said plural sets of output video data to
be at a value within a predetermined luminance range for
dark display, and controlling a time integral value of the
luminance of the pixel in periods in which the pixel is
driven based on said plural sets of output video data, by
increasing or decreasing at least one of the remaining
sets of output video data; and

(1) in case where the input video data indicates luminance
higher than the predetermined threshold, setting at least
one of said plural sets of output video data to be at a value
within a predetermined luminance range for light dis-
play, and controlling a time integral value of the lumi-
nance of the pixel in periods in which the pixel is driven
based on said plural sets of output video data, by increas-
ing or decreasing at least one of the remaining sets of
output video data,

in the sub step (1), at least one of said plural sets of output
video data indicating luminance other than black, when
the input video data indicates black.

2. A drive method of a liquid crystal display device which
drives a liquid crystal cell in a vertical alignment mode by a
normally black mode,

the method comprising the steps of:

(1) in case where input video data which is input to a pixel
of a liquid crystal panel indicates luminance lower than
a predetermined threshold value, setting luminance of
the pixel in at least one divided periods at luminance
falling within a predetermined range for dark display,
and controlling luminance of the pixel in the remaining
divided periods so as to control a time integral value of
luminance of the pixel in a unit period for drive based on
the input video data, the divided periods being generated
by dividing the unit period into plural periods; and

(ii) in case where the input video data indicates luminance
higher than the predetermined threshold value, setting
luminance of the pixel in at least one of the divided
periods at luminance falling within a predetermined
range for light display, and controlling luminance of the
pixel in the remaining divided periods so as to control a
time integral value of luminance of the pixel in the unit
period,

in the step (i), in at least one of said divided periods,
luminance of the pixel being controlled so as to be lumi-
nance other than black, when the input video data indi-
cates black.

3. A driver of a liquid crystal display device which drives a
liquid crystal cell in a vertical alignment mode by a normally
black mode,

the driver comprising generation means for generating pre-
determined plural sets of output video data supplied to a
pixel and corresponding to respective input cycles, in
response to each of the input cycles of inputting input
video data to the pixel, said plural sets of output video
data being generated for driving the pixel in a time-
sharing fashion,
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the generation means performing control so as to: (i) in
case where the input video data indicates luminance
lower than a predetermined threshold, set luminance of
at least one of said plural sets of output video data at a
value within a predetermined luminance range for dark
display, and control a time integral value of the lumi-
nance of the pixel in periods in which the pixel is driven
based on said plural sets of output video data, by increas-
ing or decreasing at least one of the remaining sets of
output video data; and (ii) in case where the input video
data indicates luminance higher than the predetermined
threshold, set luminance of at least one of said plural sets
of output video data at a value within a predetermined
luminance range for light display. and control a time
integral value of the luminance of the pixel in periods in
which the pixel is driven based on said plural sets of
output video data, by increasing or decreasing at least
one of the remaining sets of output video data, and

the generation means setting at least one of said plural sets
of output video data at a value indicating luminance
other than black, when the input video data indicates
black.

4. The driver as defined in claim 3,

wherein, the generation means sets at least two of said
plural sets of output video data at different values, when
the input video data indicates black.

5. The driver as defined in claim 3,

wherein, the value within the predetermined range for dark
display is a value indicating a color which is not black.

6. The driver as defined in claim in claim 3,

wherein, when the input video data indicates black, the
generation means sets, among said plural sets of output
video data, a set of output video data of the last period of
the periods in which the pixel is driven based on said
plural sets of output video data is set at a value indicating
luminance other than black.

7. The driver as defined in claim 3,

wherein, the generation means controls the time integral
value by increasing or decreasing particular output
video data which is a particular one of the remaining sets
of output video data, and sets the remaining sets of
output video data other than the particular output video
data at either a value indicating luminance falling within
the predetermined range for dark display or a value
indicating luminance falling within the range for light
display.

8. The driver as defined in claim 7,

wherein, provided that the periods in which the pixel is
driven by said plural sets of output video data are divided
periods whereas a period constituted by the divided peri-
ods and in which the pixel is driven by said plural sets of
output video data is a unit period, the generation means
selects, as the particular output video data, a set of output
video data corresponding to a divided period which is
closest to a temporal central position of the unit period,
among the divided periods, in a region where luminance
indicated by the input video data is lowest, and when
luminance indicated by the input video data gradually
increases and hence the particular output video data
enters the predetermined range for light display, the
generation means sets the set of video data in that
divided period at a value falling within the range for light
display, and selects, as new particular output video data,
a set of output video data in a divided period which is
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closest to the temporal central position of the unit period,
among the remaining divided periods.

9. The driver as defined in claim 7,

wherein, a ratio between the periods in which the pixel is

driven based on said plural sets of output video data is set
so that a timing to determine which set of output video
data is selected as the particular output video data is
closer to a timing at which a range of brightness that the
pixel can reproduce is equally divided than a timing at
which luminance that the pixel can reproduce is equally
divided.

10. The drive as defined in claim 3, further comprising
correction means which is provided prior to or subsequent to
the generation means, corrects correction target data which is
either the input video data or said plural output video data,
and predicts luminance at which the pixel reaches at the end
of a drive period of the correction target data, the drive period
being a period in which the pixel is driven based on the
corrected correction target data,

the correction means correcting correction target data of a

present time based on a prediction result, among past
prediction results, which indicates luminance that the
pixel reaches at the beginning of a drive period of the
correction target data of the present time, and predicts
luminance at the end of the drive period of the correction
target data of the present time, at least based on the
correction target data of the present time, among the past
prediction results, past correction target data, and the
correction target data of the present time.

11. A liquid crystal display device, comprising:

the driver defined in claim 3; and

a liquid crystal display device driven by that driver.

12. A liquid crystal display device comprising a liquid
crystal cell ina vertical alignment mode and a driver which is
driven by a normally black mode,

the driver performing control so as to: (i) in case where

input video data which is input to a pixel of a liquid
crystal panel indicates luminance lower than a predeter-
mined threshold value, set luminance of at least one
divided periods at luminance falling within a predeter-
mined range for dark display, and control luminance of
the pixel in the remaining divided periods so as to con-
trol a time integral value of luminance of the pixel in a
unit period for drive based on the input video data, the
divided periods being generated by dividing the unit
period into plural periods; and (ii) in case where the
input video data indicates luminance higher than the
predetermined threshold value, set luminance of the
pixel in at least one of the divided periods at luminance
falling within a predetermined range for light display,
and control luminance of the pixel in the remaining
divided periods so as to control a time integral value of
luminance of the pixel in the unit period,

in the control (i), in at least one of said divided periods,

luminance of the pixel being controlled so as to be lumi-
nance other than black, when the input video data indi-
cates black.

13.The liquid crystal display device as defined in claim 12,

wherein, the driver controls the time integral value by

increasing or decreasing luminance in a particular
divided period which is particular one of the remaining
divided periods, and sets luminance in the divided peri-
ods other than the particular divided periods either at a
value indicating luminance falling within the predeter-
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mined range for dark display or at a value indicating
luminance falling within the predetermined range for
light display.

14. The liquid crystal display device as defined in claim 13,

wherein, in a region where the luminance indicated by the
input video data is lowest, the driver selects, as the
particular divided period, a divided period which is clos-
est to a temporal central position of the unit period,
among the divided periods, and when luminance indi-
cated by the input video data gradually increases and
hence the luminance of the particular divided period
enters the predetermined range for light display, the
driver sets the luminance of the particular divided period
at a value falling within the range for light display, and
selects, as new particular divided period, a divided
period which is closest to the temporal central position
of the unit period, among the remaining divided period.

15. The liquid crystal display device as defined in claim 13,

wherein, a ratio between the divided periods is set so that a
timing to determine which divided period is selected as
the particular divided period is closer to a timing at
which a range of brightness that the pixel can reproduce
is equally divided than a timing at which luminance that
the pixel can reproduce is equally divided.

16. The liquid crystal display device as defined in claim 11,
further comprising image receiving means which receives
television broadcast and sends, to the driver of the liquid
crystal display device, a video signal indicating an image
transmitted by the television broadcast, the liquid crystal
display device functioning as a liquid crystal television
receiver.
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17. The liquid crystal display device as defined in claim 11,

wherein, the driver of the liquid crystal display device

receives a video signal from outside, and

the liquid crystal display device functions as a liquid crys-

tal monitor device which displays an image indicated by
the video signal.

18. A program which causes a computer, which controls a
liquid crystal display device including a liquid crystal cell
which is in a vertical alignment mode and driven by a nor-
mally black mode, to execute the steps defined in claim 1.

19. A storage medium, storing the program defined in
claim 18.

20. The liquid crystal display device as defined in claim 12,
further comprising image receiving means which receives
television broadcast and sends, to the driver of the liquid
crystal display device, a video signal indicating an image
transmitted by the television broadcast, the liquid crystal
display device functioning as a liquid crystal television
receiver.

21. The liquid crystal display device as defined in claim 12,

wherein, the driver of the liquid crystal display device

receives a video signal from outside, and

the liquid crystal display device functions as a liquid crys-

tal monitor device which displays an image indicated by
the video signal.

22. A program which causes a computer, which controls a
liquid crystal display device including a liquid crystal cell
which is in a vertical alignment mode and driven by a nor-
mally black mode, to execute the steps defined in claim 2.

23. A storage medium, storing the program defined in
claim 22.
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