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FIG. 41
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FIG. 42
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FIG.46
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LIQUID CRYSTAL DISPLAY DEVICE, SCAN
SIGNAL DRIVE DEVICE, LIQUID CRYSTAL
DISPLAY DEVICE DRIVE METHOD, SCAN
SIGNAL DRIVE METHOD, AND TELEVISION
RECEIVER

[0001] This application is a divisional application of and
claims priority under 35 U.S.C. §120/121 to U.S. application
Ser. No. 12/451,957 filed Dec. 9, 2009, which is a National
Phase of PCT Patent Application No. PCT/JP2008/055968,
filed on Mar. 27, 2008, which claims priority under 35 U.S.C.
§119 to Japanese Application Nos. 155652/2007, filed Jun.
12,2007 and 309529/2007, filed Nov. 29, 2007, the contents
of each of which are hereby incorporated herein by reference
in their entirety and for all purposes.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal dis-
play device for displaying an image by applying a voltage to
liquid crystal, a method for driving the liquid crystal display
device, and a television receiver.

BACKGROUND ART

[0003] A liquid crystal display device is a flat display
device having excellent properties such as high definition, a
flat shape, light weight, and low power consumption.
Recently, due to an increase in display ability, an increase in
production ability, and an increase in price competitiveness
against other display devices, the market of the liquid crystal
display device has spread rapidly.

[0004] If a current voltage continues to be applied to a
liquid crystal layer of such liquid crystal display device for a
long time, elements get deteriorated. Therefore, in order to
secure a long life of such liquid crystal display device, it is
necessary to perform alternating driving (inversion driving)
in which the polarity of a voltage to be applied is inverted
periodically. However, in a case where an active matrix liquid
crystal display device employs frame inversion driving in
which the polarity of a voltage is inverted with respect to each
frame, it is inevitable that some unbalance is seen in a plus/
minus voltage to be applied to liquid crystal due to anisotropy
of liquid crystal dielectric constant, variation in pixel poten-
tial that is caused by parasitic capacitance between a gate and
asource of a pixel TFT, and a slip ofa center value of a counter
electrode signal. Consequently, a minor variation in lumi-
nanceoccurs at a frequency that is a half ofa frame frequency,
making a user see flickers. In order to solve this problem,
there is generally employed inversion driving in which pixel
signals have opposite polarities between adjacent lines or
adjacent pixels as well as voltages are inverted with respect to
each frame.

[0005] When dot inversion in which the polarity of a volt-
age is inverted with respect to each pixel is performed, a
charging rate of a pixel drops due to signal delay in a data
signal line. In order to solve this problem, there is proposed a
technique for inverting the polarity of a data signal voltage
with respect to a plurality of horizontal periods (a plurality of
rows). However, this technique still raises a problem that a
charging rate of a pixel drops at a row where the polarity of a
data signal voltage is inverted.

[0006] In order to solve this problem, Patent Literature 1
discloses a technique in which a dummy horizontal period is
provided after inversion of the polarity of a data signal and
gate-on pulses whose pulse width corresponds to a plurality
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of horizontal periods are applied to all scanning signal lines in
such a manner that the gate-on pulses have the same pulse
width. FIG. 92 is a voltage waveform chart showing driving
by this technique. InFI1G. 92, (2) represents a latch pulse LP1,
(3) represents image data D to be latched by a signal-side
drive circuit and output to a signal line SL with respect to each
horizontal scanning period, (4) represents a polarity signal P
of an image signal voltage, and (5)-(12) represent scanning
signal voltages of individual scanning lines. This technique
improves display unevenness due to the difference ina charg-
ing property.

[0007] Further, Patent Literature 2 discloses a technique in
which the width of a gate-on pulse after inversion of the
polarity of a data signal is made larger than the width of a
gate-on pulse with no inversion of the polarity of a data signal
so as to increase a charging rate of a first row where the
polarity of the data signal is inverted. FIG. 93 is a voltage
waveform chart showing driving by this technique. FIG. 93
shows gate signals at 4i” to [4(i+1)+1]” rows and a data
signal.

CITATION LIST

Patent Literature 1

[0008] Japanese Patent Application Publication, Tokukai,
No. 2001-51252 A (Publication Date: Feb. 23, 2001)
Patent Literature 2
[0009] Japanese Patent Application Publication, Tokukai,
No. 2003-66928 A (Publication Date: Mar. 5, 2003)
SUMMARY OF INVENTION
Technical Problem

[0010] However, the technique disclosed in Patent Litera-
ture 1 is problematic in that since a pixel charged when the
polarity of a data signal is inverted is charged during a period
when rounding of a data signal waveform is great, it is impos-
sible to completely improve a difference in charging rate
between the pixel charged when the polarity of a data signal
is inverted and a pixel charged during the same gate-on time
when the polarity of a data signal is not inverted.

[0011] Further, in the technique disclosed in Patent Litera-
ture 2, a pixel charged when the polarity of a data signal is
inverted is charged during a period when rounding of a data
signal waveform is great. Besides, since the amount of delay
of adata signal differs according to positions of a display area,
rounding of a waveform of a data signal also differs depend-
ing on positions of the display area. Consequently, even if a
gate-on pulse is lengthened after the polarity of a data signal
is inverted, it is impossible to evenly improve display uneven-
ness in the display area due to the difference in a charging
property. This problem is particularly evident in a large liquid
crystal display device with high definition, and further par-
ticularly evident in a case where image writing frequency is
made higher (e.g. 120 Hz) in order to increase visibility of a
moving image.

Solution to Problem

[0012] The present invention is made in view of the fore-
going problems. An object of the present invention is to
provide a liquid crystal display device, a liquid crystal display
device drive method, and a television receiver capable of
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displaying a high-quality image with subdued display
unevenness, even if a waveform of a data signal is rounded
when the polarity of the data signal is inverted.

[0013] In order to solve the problem, the liquid crystal
display device of the present invention is an active-matrix
liquid crystal display device, including scanning signal lines
extending in a row direction, data signal lines extending in a
column direction, and pixels provided so as to respectively
correspond to intersections of the scanning signal lines and
the data signal lines, the liquid crystal display device com-
prising: a scanning signal driving section for sequentially
applying gate-on pulses on the scanning signal lines, each of
the gate-on pulses causing a scanning signal line to be in a
selected state; and a data signal driving section for applying
data signals on the data signal lines such that a polarity of a
data signal is inverted with respect to predetermined plural
number of horizontal periods in one frame period, the scan-
ning signal driving section applying the gate-on pulses such
that a second period is longer than a first period, the first
period and the second period being defined in such a manner
that among gate-on pulses applied before a moment of polar-
ity inversion of a data signal, when a last end of a gate-on
pulse nearest to the moment of the polarity inversion is eatlier
than an end time of a horizontal period during which the
gate-on pulseis applied, the first period starts at the last end of
the gate-on pulse and ends at the end time of the horizontal
period, and the second period starts at the moment of the
polarity inversion and ends at amoment of an application start
of a gate-on pulse nearest to the moment of the polarity
inversion among gate-on pulses applied after the polarity
inversion.

[0014] A method for driving an active-matrix liquid crystal
display device, including scanning signal lines extending in a
row direction, data signal lines extending in a column direc-
tion, and pixels provided so as to respectively correspond to
intersections of the scanning signal lines and the data signal
lines, the method comprising the steps of: (i) sequentially
applying gate-on pulses on the scanning signal lines, each of
the gate-on pulses causing a scanning signal line to be in a
selected state; and (ii) applying data signals on the data signal
lines such that a polarity of a data signal is inverted with
respect to predetermined plural number of horizontal periods
in one frame period, in the step (i), the gate-on pulses being
applied such that a second period is longer than a first period,
the first period and the second period being defined in such a
manner that among gate-on pulses applied before a moment
of polarity inversion of a data signal, when a last end of a
gate-on pulse nearest to the moment of the polarity inversion
is earlier than an end time of a horizontal period during which
the gate-on pulse is applied, the first period starts at the last
end of the gate-on pulse and ends at the end time of the
horizontal period, and the second period starts at the moment
of the polarity inversion and ends at a moment of an applica-
tion start of a gate-on pulse nearest to the moment of the
polarity inversion among gate-on pulses applied after the
polarity inversion.

[0015] With the arrangement or the method, among gate-on
pulses applied before the moment of polarity inversion, the
gate-on pulse nearest to the moment of polarity inversion is
gated off before the end time of the horizontal period during
which the gate-on pulse is applied. Further, among gate-on
pulses applied after the moment of polarity inversion, the
gate-on pulse nearest to the moment of polarity inversion is
gated on after the moment of polarity inversion. Conse-
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quently, a gate-on pulse is not applied at the moment of
polarity inversion. This prevents data signals having opposite
polarities from being simultaneously applied on adjacent two
scanning signal lines to which gate-on pulses are applied
before and after the polarity inversion. This prevents image
display from being disturbed at the moment of the polarity
inversion.

[0016] Further, among gate-on pulses applied after the
moment of polarity inversion, the gate-on pulse nearest to the
moment of polarity inversion is gated on after a period longer
than the first period has elapsed from the moment of polarity
inversion. Consequently, a pixel is not charged during a
period in which the rounding of a data signal waveform due to
polarity inversion is great, allowing a high-quality display
with subdued display unevenness etc. Further, since the sec-
ond period is longer than the first period, the second period is
secured to be long enough to prevent the influence of round-
ing of a data signal and at the same time the first period is short
enough to secure that the length of a gate-on pulse before
polarity inversion is sufficiently long for charging a pixel,
provided that the first period keeps the minimum length
which allows preventing data after the polarity inversion from
being written while a rounded waveform of a gate-on pulse
before the polarity inversion still remains. Consequently, it is
possible to allocate the periods efficiently.

[0017] Further, in order to solve the foregoing problem, the
liquid crystal display device of the present invention is an
active-matrix liquid crystal display device, including scan-
ning signal lines extending in arow direction, data signal lines
extending in a column direction, and pixels provided so as to
respectively correspond to intersections of the scanning sig-
nal lines and the data signal lines, the liquid crystal display
device comprising: a scanning signal driving section for
sequentially applying gate-on pulses on the scanning signal
lines, each of the gate-on pulses causing a scanning signal line
to be in a selected state; and a data signal driving section for
applying data signals on the data signal lines such that a
polarity of a data signal is inverted with respect to predeter-
mined plural number of horizontal periods in one frame
period, the scanning signal line driving section applying gate-
on pulses such that a period from a moment of polarity inver-
sion of a data signal to a moment of an application start of a
gate-on pulse nearest to the moment of the polarity inversion
among gate-on pulses applied after the polarity inversion is
equal to or longer than a horizontal display period obtained by
subtracting a horizontal blanking period from a horizontal
period.

[0018] Further, in order to solve the foregoing problem, the
method of the present invention for driving a liquid crystal
display device is a method for driving an active-matrix liquid
crystal display device, including scanning signal lines
extending in a row direction, data signal lines extending in a
column direction, and pixels provided so as to respectively
correspond to intersections of the scanning signal lines and
the data signal lines, the method comprising the steps of: (i)
sequentially applying gate-on pulses on the scanning signal
lines, each of the gate-on pulses causing a scanning signal line
to be in a selected state; and (i1) applying data signals on the
data signal lines such thata polarity of a data signal is inverted
with respect to predetermined plural number of horizontal
periods in one frame period, in the step (i), gate-on pulses
being applied such that a period from a moment of polarity
inversion of a data signal to a moment of an application start
of a gate-on pulse nearest to the moment of the polarity
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inversion among gate-on pulses applied after the polarity
inversion is equal to or longer than a horizontal display period
obtained by subtracting a horizontal blanking period from a
horizontal period.

[0019] With the arrangement or the method, among gate-on
pulses applied after the moment of polarity inversion, the
gate-on pulse nearest to the moment of polarity inversion is
gated on after not less than one horizontal display period has
elapsed from the moment of polarity inversion. A data signal
to be applied ona data signal line is normally designed to have
asignal waveform that allows a pixel to be charged within one
horizontal display period. Consequently, at a moment after
not less than one horizontal display period has elapsed, the
influence of rounding of a data signal waveform that is caused
at the moment of polarity inversion is subdued. This prevents
a pixel from being charged during a period in which rounding
of a data signal waveform that is caused at the moment of
polarity inversion is great. This allows a high-quality display
with subdued display unevenness.

[0020] The liquid crystal display device of the present
invention may be arranged so that the scanning signal driving
section applies gate-on pulses such that a period from a
moment of polarity inversion of a data signal to a moment of
an application start of a gate-on pulse nearest to the moment
of the polarity inversion among gate-on pulses applied after
the polarity inversion is equal to or less than 0.8 msec.

[0021] With the arrangement, a gate-on pulse nearest to the
moment of the polarity inversion among gate-on pulses
applied after the polarity inversion is gated on after a prede-
termined time has elapsed from the moment of polarity inver-
sion. In this case, discrepancy in display timing occurs
between a pixel on a scanning signal line at which display is
performed before polarity inversion and a pixel on a scanning
signal line at which display is performed after polarity inver-
sion. Ifthe discrepancy is more than 0.8 msec, tearing is likely
to be seen as shown in the later-mentioned sensory evaluation.
Therefore, if a period from a moment of polarity inversion of
a data signal to a moment of an application start of a gate-on
pulse nearest to the moment of the polarity inversion among
gate-on pulses applied after the polarity inversion is equal to
or less than 0.8 msec as described above, it is possible to
display excellently without the problem of tearing.

[0022] The liquid crystal display device of the present
invention may be arranged so that the scanning signal driving
section applies gate-on pulses on all of the scanning signal
lines such that each of the gate-on pulses has a same pulse
width.

[0023] With the arrangement, gate-on pulses having the
same pulse are applied on individual scanning signal lines,
and consequently conditions under which individual pixels
are charged get equal. This allows more even display through-
out the display screen, resulting in higher display quality.

[0024] The liquid crystal display device of the present
invention may be arranged so that the scanning signal lines
are divided into one or more blocks, and scanning signal lines
included in each block are divided into plural groups, the
scanning signal driving section sequentially scans blocks of
scanning signal lines and sequentially scans groups of scan-
ning signal lines in each block such that the scanning signal
lines in each block are interlace-scanned, and the data signal
driving section applies data signals on the data signal lines
such that a polarity of a data signal is inverted at a moment of
switching groups of scanning signal lines to be scanned.
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[0025] With the arrangement, since the interlace scan is
designed such that the polarity of a voltage applied on a pixel
appears to be inverted with respect to each one line, the
interlace scan allows reducing flickers compared with the
progressive scan, and allows reducing display unevenness
due to coupling capacitance of adjacent pixels in longitudinal
direction. By subduing such problems, the length of a polarity
inversion cycle can be made longer in the interlace scan than
in the progressive scan. This makes it easier to reduce power
consumption and to prevent a data signal driving section from
being heated.

[0026] The liquid crystal display device of the present
invention may be arranged so that the number of the blocks of
scanning signal lines is one.

[0027] With the arrangement, it is possible to realize driv-
ing in which the polarity of a data signal is inverted with
respect to each data signal line. Further, since a row at which
the polarity is inverted is positioned at an edge of a screen,
display unevenness is less likely to be noticed. Further, it is
easier to reduce power consumption and to prevent a data
signal driving section from being heated.

[0028] The liquid crystal display device of the present
invention may be arranged so that the number of the blocks of
scanning signal lines is two or more.

[0029] With the arrangement, the scanning signal lines are
divided into plural blocks, and scanning signal lines in each
block are interlace-scanned. This configuration allows reduc-
ing a difference in scanning timing between groups in each
block, compared with a configuration in which whole scan-
ning signal lines are interlace-scanned. This allows prevent-
ing generation of combing, resulting in further higher display
quality.

[0030] The liquid crystal display device of the present
invention may be arranged so that scanning signal lines
included in each block are divided into a first group including
odd scanning signal lines and a second group including even
scanning signal lines, the scanning signal driving section
scans such that when a secondly scanned group of scanning
signal lines in a firstly scanned block of adjacent two blocks
of scanning signal lines is the first group, a firstly scanned
group of scanning signal lines in a secondly scanned block of
the adjacent two blocks is the first group, and when a secondly
scanned group of scanning signal lines in a firstly scanned
block of adjacent two blocks of scanning signal lines is the
second group, a firstly scanned group of scanning signal lines
in a secondly scanned block of the adjacent two blocks is the
second group, and the data signal driving section inverts a
polarity of a data signal when groups of scanning signal lines
to be scanned in each block are switched, and does not invert
apolarity of a data signal when adjacent two blocks of scan-
ning signal lines to be scanned are switched.

[0031] With the arrangement, scanning signal lines belong-
ing to the first group or the second group are successively
scanned between one block and an adjacent block, and mean-
while the polarity inversion is not performed. This configu-
ration allows reducing the number of polarity inversion com-
pared with a configuration in which polarity inversion is
performed when blocks of scanning signal lines are switched
between adjacent two blocks. This allows reducing power
consumption.

[0032] The liquid crystal display device of the present
invention may be arranged so as to further include a display
control circuit for supplying, to the data signal driving sec-
tion, a data signal and a data signal application control signal
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for controlling timing with which the data signal driving
section applies the data signal on a data signal line, the display
control circuit not supplying the data signal application con-
trol signal to the data signal driving section during a period
from a moment of polarity inversion of a data signal to a
moment of an application start of a gate-on pulse nearest to
the moment of the polarity inversion among gate-on pulses
applied after the moment of the polarity inversion.

[0033] With the arrangement, a data signal to be written
during a period from the moment of polarity inversion to the
moment of an application start of a gate-on pulse nearest to
the moment of the polarity inversion among gate-on pulses
applied after the moment of the polarity inversion is applied
during a period in which the gate-on pulse enables writing.
This allows appropriate display without omitting data to be
displayed.

[0034] The liquid crystal display device of the present
invention may be arranged so as to further include a display
control circuit for supplying, to the scanning signal driving
section, a gate start pulse signal serving as a signal to be
asserted only for a predetermined period with respect to each
one frame period, a gate clock signal generated based on a
horizontal sync signal, and a scanning signal output control
signal for controlling application of a gate-on pulse, when
receiving the gate start pulse signal, the scanning signal driv-
ing section sequentially applying gate-on pulses on the scan-
ning signal lines in accordance with clocks of the gate clock
signal during a period in which the scanning signal output
control signal permits application of the gate-on pulses, and
the display control circuit supplying the gate start pulse sig-
nal, the gate clock signal, and the scanning signal output
control signal such that the gate start pulse signal, the gate
clock signal, and the scanning signal output control signal
correspond to individual groups of scanning signal lines.
[0035] With the arrangement, the gate start pulse signal, the
gate clock signal, and the scanning signal output control
signal are independently supplied, as signals corresponding
to individual groups of scanning signal lines, to the scanning
signal driving section. This allows setting application of a
gate-on pulse with respect to each group.

[0036] The liquid crystal display device of the present
invention may be arranged so that at individual moments, the
display control circuit sets a scanning signal output control
signal corresponding to a group to be scanned to be a state that
permits application of gate-on pulses, and sets a scanning
signal output control signal corresponding to a group not to be
scanned to be a state that does not permit application of
gate-on pulses, so as to cause the scanning signal driving
section to perform driving by the interlace scan.

[0037] With the arrangement, by controlling scanning sig-
nal output control signals corresponding to individual groups
so as to perform driving by interlace scan, it is possible to
realize interlace scan.

[0038] The liquid crystal display device of the present
invention may be arranged so that at the moment of the
polarity inversion of a data signal, the display control circuit
keeps, at a predetermined value, a gate clock signal corre-
sponding to a group not to be scanned after the moment of the
polarity inversion.

[0039] With the arrangement, the scanning signal driving
section does not scans scanning signal lines corresponding to
a group not to be scanned after the moment of the polarity
inversion of a data signal. This realizes appropriate interlace
scan. When keeping a gate clock signal at a predetermined
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value, the gate clock signal may be set to the value while the
gate clock signal is asserted (H level), or the gate clock signal
may be set to the value while the gate clock signal is negated
(L level) (which will be mentioned later).

[0040] The liquid crystal display device of the present
invention may be arranged so that during a predetermined
period after the moment of the polarity inversion, the display
control circuit keeps, at a predetermined value, a gate clock
signal corresponding to a group to be scanned after the
moment of the polarity inversion, so as to secure a period
from the moment of the polarity inversion to 2 moment of an
application start of a gate-on pulse nearest to the moment of
the polarity inversion.

[0041] With the arrangement, by stopping a clock of a gate
clock signal, a period from the moment of the polarity inver-
sion to a moment of an application start of a gate-on pulse
nearest to the moment of the polarity inversion among gate-
on pulses applied after the moment ofthe polarity inversion is
secured. This allows controlling application of a gate-on
pulse appropriately with respect to each group.

[0042] The liquid crystal display device of the present
invention may be arranged so that the scanning signal driving
section includes shift registers respectively corresponding to
individual groups of scanning signal lines and AND logic
operation sections respectively corresponding to scanning
signal lines, each of the shift registers receive a gate start pulse
signal and a gate clock signal that correspond to a group of
scanning signal lines, and the AND logic operation section
performs AND logic operation of an output of said each of the
shift registers and logic inversion of the scanning signal out-
put control signal, and supplies a result of the AND logic
operation as a gate-on pulse to the scanning signal lines.
[0043] With the arrangement, using relatively simple con-
figurations of the shift registers and the AND logic operation
sections, it is possible to appropriately perform driving by
interlace scan.

[0044] The liquid crystal display device of the present
invention may be arranged so that the scanning signal driving
section applies gate-on pulses such that in each of the blocks
of scanning signal lines, a time from a moment of application
of a gate-on pulse on a scanning signal line that is one of
adjacent scanning signal lines and that belongs to one group
to a moment of application of a gate-on pulse on a scanning
signal line that is the other of the adjacent scanning signal
lines and that belongs to a group other than said one group is
equal to or less than 0.8 Msec.

[0045] With the arrangement, when scanning individual
blocks, individual groups in each block are sequentially
scanned so as to perform driving by interlace scan. In this
case, a certain blanking period occurs from a moment of
application of a gate-on pulse on a scanning signal line that is
one of adjacent scanning signal lines and that belongs to one
group to a moment of application of a gate-on pulse on a
scanning signal line that is the other of the adjacent scanning
signal lines and that belongs to a group other than said one
group. If the blanking period is longer than 0.8 msec, comb-
ing is likely to be seen as shown in the later-mentioned sen-
sory analysis. Therefore, setting the blanking period to be 0.8
msec or less as in the above arrangement enables excellent
display with little combing.

[0046] The liquid crystal display device of the present
invention may be arranged so as to further include a display
control circuit for supplying, to the data signal driving sec-
tion, a data signal and a data signal application control signal



US 2013/0235025 A1

for controlling timing with which the data signal driving
section applies the data signal on a data signal line, a plurality
of video data that respectively correspond to data signal lines
being sequentially supplied from an external signal source to
the display control circuit with an interval between the plu-
rality of video data, and the display control circuit regards
certain number of video data as a set in accordance with
polarity inversion, inserts dummy data at a predetermined
position of the set, assigns a dummy insertion period to an
output of a signal potential corresponding to the dummy data,
and assigns a horizontal period shorter than the interval to an
output of a signal potential corresponding to each video data.
[0047] By setting one horizontal period during which a
signal potential corresponding to individual video data is
output to be shorter than an interval for inputting individual
video data (horizontal period set to input data sequence) as
described above, it is possible to create, from the sum total of
times resulting from the shortening, a dummy insertion
period for outputting dummy data. This allows inserting
dummy data to input video data and assigning a dummy
insertion period to the dummy data, without increasing a
vertical display period. Further, it is also possible to prevent
an increase in difference of time between data input and data
output, allowing reduction of memory (buffer) usage.

[0048] The liquid crystal display device of the present
invention may be arranged so that a product of the number of
video data in a set and the interval is equal to a sum of a whole
dummy insertion period assigned to dummy data in the set
and a whole horizontal period assigned to the video data in the
set.

[0049] This allows providing (inserting) adummy insertion
period without changing a vertical display period (without
reducing a vertical blanking period). Further, since difference
of time between data input and data output does not increase,
it is possible to further reduce memory (buffer) usage.
[0050] The liquid crystal display device of the present
invention may be arranged so that the display control circuit
inserts dummy data at a head of each set.

[0051] This enables accurate display without skip of data,
even when the liquid crystal display device is designed such
that a pixel is not charged during a period in which the
rounding of a data signal waveform due to polarity inversion
is great.

[0052] The liquid crystal display device of the present
invention may be arranged so as to further include a display
control circuit for supplying, to the data signal driving sec-
tion, a data signal and a data signal application control signal
for controlling timing with which the data signal driving
section applies the data signal on a data signal line, a plurality
of video data that respectively correspond to data signal lines
being sequentially supplied from an external signal source to
the display control circuit with an interval between the plu-
rality of video data, and the display control circuit regards
certain number of video data as a set in accordance with
polarity inversion, assigns one or more dummy insertion peri-
ods as well as one horizontal period to an output of a signal
potential corresponding to predetermined video data in each
set,and assigns a horizontal period shorter than the interval to
outputs of signal potentials respectively corresponding to
individual video data other than the predetermined video data
in each set.

[0053] By setting one horizontal period in an actual output
to be shorter than an interval for inputting individual video
data (horizontal period set to input data sequence) as
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described above, it is possible to create, from the sum total of
times resulting from the shortening. a time for a dummy
insertion period. This allows providing a dummy insertion
period, without increasing a vertical display period. Further, it
is also possible to prevent an increase in difference of time
between data input and data output, allowing reduction of
memory (buffer) usage.

[0054] The liquid crystal display device of the present
invention may be arranged so that a product of the number of
video data in each set and the interval is equal to a sum of a
whole horizontal period assigned to the predetermined video
data in each set, a whole dummy insertion period assigned to
the predetermined video data in each set, and a whole hori-
zontal period assigned to the individual video data other than
the predetermined video data in each set.

[0055] This allows providing a dummy scanning period
without changing a vertical display period (without reducing
a vertical blanking period). Further, since difference of time
between data input and data output does not increase, it is
possible to further reduce memory (buffer) usage.

[0056] The liquid crystal display device of the present
invention may be arranged so that the predetermined video
data in each set is first data in each set.

[0057] This enables accurate display without skip of data,
even when the liquid crystal display device is designed such
that a pixel is not charged during a period in which the
rounding of a data signal waveform due to polarity inversion
is great.

[0058] The liquid crystal display device of the present
invention may be arranged so that the dummy insertion period
is shorter than the interval.

[0059] The liquid crystal display device of the present
invention may be arranged so that the dummy insertion period
1s equal to one horizontal period. This makes individual scan-
ning periods (dummy insertion period, horizontal period)
equal with one another, simplifying a signal process or a
configuration for the signal process.

[0060] The liquid crystal display device of the present
invention may be arranged so that the dummy insertion period
is shorter than one horizontal period. This allows a horizontal
period to be longer, resulting in a higher charging ratio of a
pixel.

[0061] The liquid crystal display device of the present
invention may be arranged so that the dummy insertion period
is longer than one horizontal period. Consequently, in a con-
figuration in which the polarity ofa signal potential is inverted
with respect to each set, it is possible to increase a charging
ratio of a data signal line right after polarity inversion.

[0062] The liquid crystal display device of the present
invention may be arranged so that the scanning signal driving
section provides: a main charging period in which the scan-
ning signal driving section causes one of the scanning signal
lines to be in a selected state such that the data signal lines
apply voltages on individual pixels; and a pre-charging period
in which the scanning signal driving section causes said one
of the scanning signal lines to be in a selected state before the
main charging period.

[0063] In a case where it is necessary to set a horizontal
scanning period to be shorter in order to increase a scanning
frequency for example, a pulse width of a gate-on pulse is also
shortened, which shortens a time for charging individual pix-
els, resulting in insufficient charge. On the other hand, with
the arrangement of the present invention, a pixel is charged
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during the pre-charging period and the main charging period,
and therefore it is possible to further increase a charging ratio
of a pixel.

[0064] The liquid crystal display device of the present
invention may be arranged so that the scanning signal driving
section provides the pre-charging period and the main charg-
ing period such that the pre-charging period is equal among
all of the scanning signal lines and the main charging period
is equal among all of the scanning signal lines.

[0065] With the arrangement, the length of a charging
period is equal among all of the scanning signal lines, and
therefore it is possible to prevent display unevenness caused
when charging periods are different among scanning signal
lines.

[0066] The liquid crystal display device of the present
invention may be arranged so as to further include a display
control circuit for supplying, to the scanning signal driving
section, a gate start pulse signal serving as a signal to be
asserted only for a predetermined period with respect to each
one frame period, a gate clock signal generated based on a
horizontal sync signal, and a scanning signal output control
signal for controlling application of a gate-on pulse, when
receiving the gate start pulse signal, the scanning signal driv-
ing section sequentially applies gate-on pulses on the scan-
ning signal lines in accordance with clocks of the gate clock
signal during the pre-charging period that is a period in which
the scanning signal output control signal permits application
of the gate-on pulses, and the scanning signal driving section
sequentially applies gate-on pulses on the scanning signal
lines in accordance with clocks of the gate clock signal during
the main charging period.

[0067] A scanningsignal driving device of an active-matrix
liquid crystal display device including scanning signal lines
extending in a row direction, data signal lines extending in a
column direction, pixels provided so as to respectively corre-
spond to intersections of the scanning signal lines and the data
signal lines, and a data signal driving section for applying data
signals on the data signal lines such that a polarity of a data
signal is inverted with respect to predetermined plural num-
ber of horizontal periods in one frame period, the scanning
signal driving device sequentially applying gate-on pulses on
the scanning signal lines, each of the gate-on pulses causing a
scanning signal line to be in a selected state, the scanning
signal driving device providing: a main charging period in
which the scanning signal driving device causes one of the
scanning signal lines to be in a selected state such that the data
signal lines apply voltages on individual pixels; and a pre-
charging period in which the scanning signal driving device
causes said one of the scanning signal lines to be in a selected
state before the main charging period, the scanning signal
driving device receiving, from outside, a gate start pulse
signal serving as a signal to be asserted only for a predeter-
mined period with respect to each one frame period, a gate
clock signal generated based on a horizontal sync signal, and
a scanning signal output control signal for controlling appli-
cation of a gate-on pulse, when receiving the gate start pulse
signal, the scanning signal driving section sequentially
applies gate-on pulses on the scanning signal lines in accor-
dance with clocks of the gate clock signal during the pre-
charging period that is a period in which the scanning signal
output control signal permits application of the gate-on
pulses, and the scanning signal driving section sequentially
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applies gate-on pulses on the scanning signal lines in accor-
dance with clocks of the gate clock signal during the main
charging period.

[0068] In a case where it is necessary to set a horizontal
scanning period to be shorter in order to increase a scanning
frequency forexample, a pulse width of a gate-on pulse is also
shortened, which shortens a time for charging individual pix-
els, resulting in insufficient charge. On the other hand, with
the arrangement of the present invention, a pixel is charged
during the pre-charging period and the main charging period,
and therefore it is possible to further increase a charging ratio
of a pixel.

[0069] The pre-charging period is set in accordance with
the scanning signal output control signal, whereas the main
charging period is set in accordance with the gate clock sig-
nal, without being influenced by the scanning signal output
control signal. By configuring the present invention such that
the pre-charging period is set in one scanning signal line and
the main charging period is set in the other scanning signal
line, it is possible to drive the liquid crystal display device so
that the pre-charging period and the main charging period
overlaps and the pre-charging period and the main charging
period can be independently set.

[0070] The liquid crystal display device of the present
invention may be arranged so that the display control circuit
further supplies to the scanning signal driving section a selec-
tion signal for selecting one of two states, when the scanning
signal driving section receives the gate start pulse signal, if
one of the two states is selected in response to the selection
signal, the scanning signal driving section sequentially
applies gate-on pulses on the scanning signal lines in accor-
dance with clocks of the gate clock signal during the pre-
charging period that is a period in which the scanning signal
output control signal permits application of the gate-on
pulses, and ifthe other of the two states is selected in response
to the selection signal, the scanning signal driving section
sequentially applies gate-on pulses on the scanning signal
lines in accordance with clocks of the gate clock signal during
the main charging period.

[0071] The scanning signal driving device of the present
invention may be arranged so that the scanning signal driving
device further receives, from an outside, a selection signal for
selecting one of two states, when the scanning signal driving
device receives the gate start pulse signal, if one of the two
states is selected in response to the selection signal, the scan-
ning signal driving section sequentially applies gate-on
pulses on the scanning signal lines in accordance with clocks
of the gate clock signal during the pre-charging period that is
a period in which the scanning signal output control signal
permits application of the gate-on pulses, and if the other of
the two states is selected in response to the selection signal,
the scanning signal driving section sequentially applies gate-
on pulses on the scanning signal lines in accordance with
clocks of the gate clock signal during the main charging
period.

[0072] With the arrangement, the pre-charging period and
the main charging period are switched in accordance with a
state of the selection signal. By configuring the present inven-
tion such that the pre-charging period is set in one scanning
signal line and the main charging period is set in the other
scanning signal line when the selection signal is in one state,
it is possible to drive the liquid crystal display device so that
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the pre-charging period and the main charging period over-
laps and the pre-charging period and the main charging period
can be independently set.

[0073] The liquid crystal display device of the present
invention may be arranged so that the scanning signal driving
section includes shift registers and sets of a first AND logic
operation section, a second AND logic operation section, a
third AND logic operation section, and a first OR logic opera-
tion section, said sets respectively corresponding to indi-
vidual stages of the shift registers, the gate start pulse signal,
the gate clock signal, the scanning signal output control sig-
nal, and the selection signal are supplied to each of the reg-
isters, in an odd stage of the shift registers, the first AND logic
operation section receives the scanning signal output control
signal and a logic inversion signal of the selection signal, the
second AND logic operation section receives the gate clock
signal and the selection signal, the first OR logic operation
section receives outputs of the first AND logic operation
section and the second AND logic operation section, the third
AND logic operation section receives a logic inversion signal
of an output of the first OR logic operation section and an
output signal from an odd stage of the shift registers, and a
result of this operation is supplied as a gate-on pulse to indi-
vidual scanning signal lines, and in an even stage of the shift
registers, the first AND logic operation section receives the
scanning signal output control signal and the selection signal,
the second AND logic operation section receives the gate
clock signal and a logic inversion signal of the selection
signal, the first OR logic operation section receives outputs of
the first AND logic operation section and the second AND
logic operation section, the third AND logic operation section
receives a logic inversion signal of an output of the first OR
logic operation section and an output signal from an even
stage of the shift registers, and a result of this operation is
supplied as a gate-on pulse to individual scanning signal
lines.

[0074] The scanning signal driving device of the present
invention may be arranged so that the scanning signal driving
device includes shift registers and sets of a first AND logic
operation section, a second AND logic operation section, a
third AND logic operation section, and a first OR logic opera-
tion section, said sets respectively corresponding to indi-
vidual stages of the shift registers, the gate start pulse signal,
the gate clock signal, the scanning signal output control sig-
nal, and the selection signal are supplied to each of the reg-
isters, in an odd stage of the shift registers, the first AND logic
operation section receives the scanning signal output control
signal and a logic inversion signal of the selection signal, the
second AND logic operation section receives the gate clock
signal and the selection signal, the first OR logic operation
section receives outputs of the first AND logic operation
section and the second AND logic operation section, the third
AND logic operation section receives a logic inversion signal
of an output of the first OR logic operation section and an
output signal from an odd stage of the shift registers, and a
result of this operation is supplied as a gate-on pulse to indi-
vidual scanning signal lines, and in an even stage of the shift
registers, the first AND logic operation section receives the
scanning signal output control signal and the selection signal,
the second AND logic operation section receives the gate
clock signal and a logic inversion signal of the selection
signal, the first OR logic operation section receives outputs of
the first AND logic operation section and the second AND
logic operation section, the third AND logic operation section
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receives a logic inversion signal of an output of the first OR
logic operation section and an output signal from an even
stage of the shift registers, and a result of this operation is
supplied as a gate-on pulse to individual scanning signal
lines.

[0075] With the arrangement, it is possible to appropriately
perform the aforementioned driving using relatively simple
configurations of the shift register, the AND logic operation
section, and the OR logic operation section.

[0076] The liquid crystal display device of the present
invention may be arranged so that the scanning signal driving
section includes a first flip-flop, a second flip-flop, a first
output mask, a second output mask, and an OR logic opera-
tion section, the first flip-flop receives the gate start pulse
signal and outputs a first output signal based on the gate clock
signal, the second flip-flop receives the first output signal and
outputs a second output signal based on the gate clock signal,
the first output mask outputs a signal obtained by masking the
first output signal with use of the scanning signal output
control signal, the second output mask outputs the second
output signal only during a period in which the gate clock
signal is in L level, and the OR logic operation section out-
puts, as a gate-on pulse, a result of OR logic operation of the
signal from the first output mask and the signal from the
second output mask to individual scanning signal lines.
[0077] The scanning signal driving device of the present
invention may be arranged so that the scanning signal driving
device includes a first flip-flop, a second flip-flop, a first
output mask, a second output mask, and an OR logic opera-
tion section, the first flip-flop receives the gate start pulse
signal and outputs a first output signal based on the gate clock
signal, the second flip-flop receives the first output signal and
outputs a second output signal based on the gate clock signal,
the first output mask outputs a signal obtained by masking the
first output signal with use of the scanning signal output
control signal, the second output mask outputs the second
output signal only during a period in which the gate clock
signal is in L level, and the OR logic operation section out-
puts, as a gate-on pulse, a result of OR logic operation of the
signal from the first output mask and the signal from the
second output mask to individual scanning signal lines.
[0078] With the arrangement, it is possible to appropriately
perform the aforementioned driving using relatively simple
configurations of the flip-flop, the mask, and the OR logic
operation section.

[0079] Further, it is possible to produce a television
receiver including the liquid crystal display device of the
present invention and a tuner section for receiving television
broadcasting.

BRIEF DESCRIPTION OF DRAWINGS

[0080] FIG. 1is ablockdiagram showing a configuration of
a liquid crystal display device in accordance with one
embodiment of the present invention and an equivalent circuit
of a display section of the liquid crystal display device.
[0081] FIG. 2is a timing chart showing a data signal wave-
form, a data signal, a latch strobe signal, and a gate-on pulse
in driving by progressive scan where the polarity of a data
signal voltage is inverted with respect to every 10 rows and
where one horizontal period right after the polarity inversion
is regarded as a dummy insertion period.

[0082] FIG. 3is a timing chart showing a data signal wave-
form, a data signal, a latch strobe signal, and a gate-on pulse
in driving by progressive scan where the polarity of a data
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signal voltage is inverted with respect to every 10 rows and
where two horizontal periods right after the polarity inversion
are regarded as a dummy insertion period.

[0083] FIG. 4 is a timing chart showing a data signal wave-
form, a data signal, a latch strobe signal, and a gate-on pulse
in driving by progressive scan where the polarity of a data
signal voltage is inverted with respect to every 10 rows and
where three horizontal periods right after the polarity inver-
sion are regarded as a dummy insertion period.

[0084] FIG.5 is a timing chart showing a data signal wave-
form, a data signal, a latch strobe signal, and a gate-on pulse
in driving by interlace scan where the polarity of a data signal
voltage is inverted with respect to every 10 rows and where
one horizontal period right after the polarity inversion is
regarded as a dummy insertion period.

[0085] FIG. 6 is a drawing showing frame numbers of data
signals to be applied to individual lines of the gate lines in
interlace scan.

[0086] (a) of FIG. 7 shows an example of an image that is
longer in vertical direction than in horizontal direction. (b) of
FIG. 7 shows an example of an image where combining
appears.

[0087] FIG. 8 schematically shows a writing operation in
normal interlace scan.

[0088] FIG. 9 schematically shows a writing operation in
block-divided interlace scan.

[0089] FIG. 10 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, and a gate-on pulse
in driving by block-divided interlace scan where the number
of scanning lines in one block is 20 and where 1 horizontal
period right after polarity inversion is regarded as a dummy
insertion period.

[0090] FIG. 11 shows another example of a timing chart of
a data signal waveform, a data signal, a latch strobe signal,
and a gate-on pulse in driving by block-divided interlace scan
where the number of scanning lines in one block is 20 and
where 1 horizontal period right after polarity inversion is
regarded as a dummy insertion period.

[0091] FIG. 12 shows further another example of a timing
chart of a data signal waveform, a data signal, a latch strobe
signal, and a gate-on pulse in driving by block-divided inter-
lace scan where the number of scanning lines in one block is
20 and where 1 horizontal period right after polarity inversion
is regarded as a dummy insertion period.

[0092] FIG. 13 shows another example of a timing chart of
a data signal waveform, a data signal, a latch strobe signal,
and a gate-on pulse in driving by block-divided interlace scan
where the number of scanning lines in one block is 20 and
where 1 horizontal period right after polarity inversion is
regarded as a dummy insertion period.

[0093] FIG. 14 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, and a gate-on pulse
in driving by block-divided interlace scan where the number
of scanning lines in one block is 20 and where 2 horizontal
periods right after polarity inversion is regarded as a dummy
insertion period.

[0094] FIG. 15is a block diagram showing a configuration
of a liquid crystal display device of another embodiment of
the present invention and an equivalent circuit of a display
section of the liquid crystal display device.

[0095] FIG.16 schematically shows an equivalent circuit of
one pixel of the liquid crystal display device in FIG. 15.
[0096] FIG.17 illustrates how a CS control circuit, CS main
lines, and CS lines.
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[0097] FIG. 18 details how CS main lines and CS lines are
connected with one another.

[0098] FIG. 19 is a timing chart of a data signal waveform,
a data signal, a latch strobe signal, a gate-on pulse, and a CS
signal in driving by interlace scan where the polarity ofa data
signal voltage is inversed with respect to every 10 rows.

[0099] FIG. 20 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, and a gate-on pulse
in driving by interlace scan where the polarity of a data signal
voltage is inverted and where 2 horizontal periods right after
polarity inversion are regarded as a dummy insertion period.

[0100] FIG. 21 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse and
a CS signal in driving by interlace scan where a data signal
voltage is inverted with respect to every 10 rows and where 2
horizontal periods right after polarity inversion are regarded
as a dummy insertion period and a CS signal dummy period
corresponding to 2H is inserted into a CS signal during a
period to which the dummy insertion period is inserted.

[0101] FIG. 22 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse and
a CS signal in driving by interlace scan where a data signal
voltage is inverted with respect to every 10 rows and where 2
horizontal periods right after polarity inversion are regarded
as a dummy insertion period and polarity continuation peri-
ods of CS signals are individually increased by 1H.

[0102] FIG. 23 is a timing chart of a data signal waveform,
a data signal, a latch strobe signal, a gate-on pulse, and a CS
signal in driving by interlace scan where the polarity ofa data
signal voltage is inverted with reference to 10 lines and where
2 horizontal periods right after the polarity of a data signal is
inverted are regarded as a first dummy insertion period and 2
horizontal periods prior to the time of inversion of the polarity
of a data signal by 5 horizontal periods are regarded as a
second dummy insertion period, and CS signal dummy peri-
ods each corresponding to 2H are inserted into CS signals
during periods to which the first and second dummy insertion
periods are inserted, respectively.

[0103] FIG. 24 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse, and
a CS signal in driving by interlace scan where the polarity of
a data signal voltage is inverted with respect to every 10 rows
and 2 horizontal periods right after polarity inversion are
regarded as a dummy insertion period and polarity continua-
tion periods of CS signals are increased by 1H, respectively.

[0104] FIG. 25 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse, and
a CS signal in driving by block-divided interlace scan where
the number o of scanning signal lines in one block is 20 and
where 1 horizontal period right after polarity inversion is
regarded as a dummy insertion period.

[0105] FIG. 26 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse, and
a CS signal in driving by block-divided interlace scan where
the number a of scanning lines in one block is 20 and where
1 horizontal period right after inversion of the polarity of a
data signal is regarded as a first dummy insertion period, 1
horizontal period which is 5 horizontal period before the time
of inversion of the polarity of a data signal 1s regarded as a
second dummy insertion period, and CS signals during peri-
ods to which the first and second insertion periods are inserted
are made to include insertion of CS signal dummy periods
corresponding to 1H, respectively.
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[0106] FIG. 27 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse, and
a CS signal in driving by block-divided interlace scan where
the number o of scanning lines in one block is 20 and where
1 horizontal period right after inversion of the polarity of a
data signal is regarded as a dummy insertion period and a CS
signal dummy period corresponding to a dummy insertion
period of a data signal is inserted into at least one of polarity
continuation periods for a CS signal.

[0107] FIG. 28 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse, and
a CS signal in driving by block-divided interlace scan where
the number o of scanning lines in one block is 20 and where
1 horizontal period right after inversion of the polarity of a
data signal is regarded as a dummy insertion period and each
of two polarity continuation periods of CS signals included in
an adjacent line writing time difference period is 5.5H.
[0108] FIG. 29 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse, and
a CS signal in driving by block-divided interlace scan where
the number a of scanning lines in one block is 20 and where
1 horizontal period right after inversion of the polarity of a
data signal is regarded as a dummy insertion period and where
each of polarity continuation periods of CS signals in an
adjacent line writing time difference period is 5.5H.

[0109] FIG. 30 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse, and
a CS signal in driving by block-divided interlace scan where
the number « of scanning lines in one block is 20 and where
2 horizontal periods right after inversion of the polarity of a
data signal is regarded as a first dummy insertion period, 2
horizontal periods which are 5 horizontal period before the
time of inversion of the polarity of a data signal is regarded as
a second dummy insertion period, and CS signals during
periods to which the first and second insertion periods are
inserted are made to include insertion of CS signal dummy
periods corresponding to 1H, respectively.

[0110] FIG. 31 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse, and
a CS signal in driving by block-divided interlace scan where
the number o of scanning lines in one block is 20 and where
2 horizontal periods right after inversion of the polarity of a
data signal is regarded as a dummy insertion period and each
of two polarity continuation periods of CS signals included in
an adjacent line writing time difference period is 6H.

[0111] FIG. 32 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse, and
a CS signal in driving by block-divided interlace scan where
the number a of scanning lines in one block is 20 and where
4 horizontal periods right after inversion of the polarity of a
data signal are regarded as a dummy insertion period and each
of two polarity continuation periods of CS signals included in
an adjacent line writing time difference period is 6H.

[0112] FIG. 33 is a drawing schematically explaining a
method for driving a liquid crystal display device of the
present invention.

[0113] FIG. 34 is a drawing schematically explaining the
method shown in FIG. 33 in more detail.

[0114] FIG. 35 is a drawing schematically explaining
another method for driving a liquid crystal display device of
the present invention.

[0115] FIG. 36 is a drawing schematically explaining the
method shown in FIG. 35 in more detail.
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[0116] FIG. 37 is a drawing schematically explaining
another method for driving a liquid crystal display device of
the present invention.

[0117] FIG. 38 is a table showing examples of set combi-
nations of a horizontal scanning period and a dummy scan-
ning period in the liquid crystal display device of the present
invention.

[0118] FIG. 39 is a drawing schematically explaining
another method for driving a liquid crystal display device of
the present invention.

[0119] FIG. 40 is a drawing schematically explaining
another method for driving a liquid crystal display device of
the present invention.

[0120] FIG. 41 is a flowchart showing an example of a
process for determining a horizontal scanning period and a
dummy scanning period in the liquid crystal display device of
the present invention.

[0121] FIG. 42 is another flowchart showing an example of
a process for determining a horizontal scanning period and a
dummy scanning period in the liquid crystal display device of
the present invention.

[0122] FIG. 43 is a table showing examples of combina-
tions of a horizontal scanning period and a dummy scanning
period that are set in the process in FIG. 42.

[0123] FIG. 44 is a table showing examples of combina-
tions of a horizontal scanning period and a dummy scanning
period that are set by recalculation.

[0124] FIG. 451s ablock diagram showing an example of a
configuration of a gate driver IC.

[0125] FIG. 46 is ablock diagram showing an example of a
gate driver.

[0126] FIG. 47 is a waveform chart showing performance
of a gate driver.

[0127] FIG. 48 is a waveform chart showing a drive perfor-
mance other than that in FIG. 47.

[0128] FIG. 49 is a block diagram showing a configuration
of a display device for a television receiver.

[0129] FIG. 50 is a block diagram showing a connection
relation between a tuner section and a display device.

[0130] FIG. 51 is anexploded perspective drawing showing
FIG. 52
[0131] FIG. 52 shows the result of sensory analysis in

which whether tearing was observed or not was examined
while changing the length of a dummy insertion period.
[0132] FIG. 53 shows a data signal waveform, a data signal,
a latch strobe signal, and a gate-on pulse in driving by pro-
gressive scan where the polarity of a data signal voltage is
inverted with respect to every 10 rows and 1 horizontal period
right after polarity inversion is regarded as a dummy insertion
period.

[0133] FIG. 54 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, and a gate-on pulse
in a case where interlace scan of skipping every second gate
line is performed and where the polarity of a signal potential
to be supplied to one source line is inverted with respect to
every 10 data, and one dummy scanning period is inserted
right after polarity inversion (with respect to every 10 hori-
zontal scanning periods).

[0134] FIG. 55 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, and a gate-on pulse
in driving where interlace scan of skipping every second gate
line is performed and the polarity of a signal potential sup-
plied to one source line is inverted with respect to 10 data in
afirst set, and 1 dummy scanning period is inserted right after
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polarity inversion (including start of scanning), and the polar-
ity of a data signal is inverted with respect to every 20 data in
a second set and thereafter, and 1 dummy scanning period is
inserted right after polarity inversion.

[0135] FIG. 56 is a block diagram schematically showing a
permutation circuit.

[0136] FIG. 57 is a drawing schematically explaining how
to permute data.

[0137] FIG. 58 is an enlarged drawing schematically show-
ing a portion surrounded by a dotted line in FIG. 57.

[0138] FIG. 59 is a timing chart showing a data signal
waveform, a gate-on pulse, a CS signal, and a state of appli-
cation of a voltage on a sub-pixel.

[0139] FIG. 60 is a drawing showing periodic display
unevenness on adisplay screen dueto difference in a reaching
ratio of a voltage of a CS signal.

[0140] FIG. 61 is a timing chart of a data signal waveform,
a gate-on pulse, and a CS signal in a case where control is
performed so as to generate an overshoot pulse Poc with a
predetermined width with timing of rise or fall of a CS signal.
[0141] FIG. 62 a drawing showing a set waveform and an
actual waveform of a CS signal in a case where a horizontal
period H is short.

[0142] FIG. 63 is a drawing showing a set waveform and an
actual waveform of a CS signal in a case where a pulse width
of an overshoot pulse and application timing of an overshoot
pulse are changed according to the length of a polarity inver-
sion cycle of a CS signal.

[0143] FIG. 64 is a drawing showing a set waveform and an
actual waveform of aCS signal in a case where a voltage of an
overshoot pulse is changed according to the length of a polar-
ity inversion cycle of a CS signal.

[0144] FIG. 65 shows states of connections between CS
main lines and CS lines and a timing chart of a CS signal and
a gate-on pulse in driving by block-divided interlace scan
where the number a of scanning lines in one block is 48 and
where each of a first dummy insertion period and a second
dummy insertion period is 2H.

[0145] FIG. 66 is a timing chart showing a state of FIG. 65
to which two CS main lines are added and CS_P and CS_O
are added as a phase of a CS signal.

[0146] FIG. 67 shows states of connections between CS
main lines and CS lines and a timing chart of'a CS signal and
a gate-on pulse in driving by block-divided interlace scan
where the number o of scanning lines in one block is 48 and
where each of a first dummy insertion period and a second
dummy insertion period is 2H.

[0147] FIG. 68 shows connection states of CS main lines
and CS lines and a timing chart of a CS signal and a gate-on
pulse in a case where there are 12 phases of waveforms of CS
signals.

[0148] FIG. 69 shows connection states of CS main lines
and CS lines and a timing chart of a CS signal and a gate-on
pulse in cases where CS signals indicated by (c) and (d) of
FIG. 70 are applied.

[0149] (a)and (b) of FIG. 70 show driving examples whose
relations between polarity inversion timing of a CS signal and
gate-off timing are different from each other. (¢) and (d) of
FIG. 70 show driving examples in which a polarity continu-
ation period of 14H is separated into a period of 12H and a
period of 2H and the period of 2H is set so that a period of H
and a period of L are equal to each other.

[0150] FIG. 71 is an example of driving in which a main-
charging period and a pre-charging period are provided.

Sep. 12,2013

[0151] FIG. 72 shows an example of display unevenness
caused by difference in luminance due to difference in charg-
ing ratio between rows.

[0152] FIG. 73 shows examples of controlling a pulse
width of a gate-on pulse.

[0153] FIG. 74 shows an example of a configuration of a
gate driver IC for realizing progressive scan nH inversion
driving in double pulse driving.

[0154] FIG. 75 is a waveform chart showing an example of
performance of the gate driver shown in FIG. 74.

[0155] FIG. 76 is a waveform chart showing another
example of performance of the gate driver shown in FIG. 74.
[0156] FIG. 77 is a timing chart of a data signal waveform,
a data signal, a latch strobe signal, and a gate-on pulse in
double pulse driving by progressive scan where 1 horizontal
period right after polarity inversion is regarded as a dummy
insertion period.

[0157] FIG. 78 is an enlarged drawing of a part of FIG. 77.
[0158] FIG. 79 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, and a gate-on pulse
in double pulse driving by progressive scan where 2 horizon-
tal periods right after polarity inversion is regarded as a
dummy insertion period.

[0159] FIG. 80 shows an example of a configuration of a
gate driver IC for realizing block-divided interlace driving in
double pulse driving.

[0160] FIG. 81 shows a waveform chart showing an
example of performance of the gate driver in FIG. 80.
[0161] FIG. 82 shows a waveform chart showing an
example of performance of the gate driver in FIG. 80.
[0162] FIG. 83 shows a waveform chart showing another
example of performance of the gate driver in FIG. 80.
[0163] FIG. 84 shows a waveform chart showing another
example of performance of the gate driver in FIG. 80.
[0164] FIG. 85 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal, a gate-on pulse, and
aCS signal in double pulse driving by block-divided interlace
scan where 1 horizontal period right after polarity inversion
of a data signal is regarded as a first dummy insertion period,
1 horizontal period which is 5 horizontal period before the
moment of polarity inversion of a data signal is regarded as a
second dummy insertion period, and CS signals during peri-
ods to which the first and second insertion periods are inserted
are made to include insertion of CS signal dummy periods
corresponding to 1H, respectively.

[0165] FIG. 86 shows a driving example in which each of
the first and second dummy insertion periods is 2H.

[0166] FIG. 87 is a drawing showing another example of
connection states of CS main lines and CS lines and a timing
chart of a CS signal and a gate-on pulse in a case where there
are 12 phases of waveforms of CS signals.

[0167] FIG. 88 is a drawing showing a waveform 1 that
shows polarity inversion timing of a CS signal and gate-on
pulse timing in FIG. 68, and a waveform 2 that shows polarity
inversion timing of a CS signal and gate-on pulse timing in
FIG. 87.

[0168] FIG. 89 is a table showing, with respect to every
kinds of the number of scanning signal lines, a difference
between a period in which a retention capacitor signal gets H
level and a period in which the retention capacitor signal gets
L level, a ratio of the difference to one frame period, and a
state of difference in luminance based on visual observation.
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[0169] FIG. 90 shows a configuration of a main part of a
gate driver 1C for applying a gate-on pulse that is a double
pulse without using a selection signal.

[0170] FIG. 91 is a waveform chart showing a driving
example employing the gate driver unit in FIG. 90.

[0171] FIG. 92 is avoltage waveform chart showing driving
by a conventional technique.

[0172] FIG. 93 is avoltage waveform chart showing driving
by another conventional technique.
REFERENCE SIGNS LIST

[0173] 10: TFT

[0174] 12a: first TFT

[0175] 12b: second TFT

[0176] 15: signal line

[0177] 16: scanning line

[0178] 17a: first sub-pixel electrode

[0179] 175: second sub-pixel electrode

[0180] 41: first AND gate

[0181] 417 gate driver IC chip

[0182] 42: first shift register

[0183] 43: second shift register

[0184] 45: output section

[0185] 52: CS line

[0186] 52M: CS main line (retention capacitor signal

supply line)

[0187] 52a: auxiliary capacitor line

[0188] 525: auxiliary capacitor line

[0189] 83: liquid crystal controller

[0190] 84: liquid crystal panel

[0191] 90: CS control circuit (retention capacitor signal

drive section)
[0192] 90: tuner section
[0193] 100: display section
[0194] 200: display control circuit
[0195] 300: source driver
[0196] 400: gate driver
[0197] 441: first AND gate
[0198] 442: second AND gate
[0199] 600: backlight
[0200] 700: light source drive circuit
[0201] 800: display device

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0202] One embodiment of the present invention is
described below with reference to the attached drawings.
[0203] (Structure of Liquid Crystal Display Device)
[0204] FIG. 1 1is a block diagram showing a structure of a
liquid crystal display device of the present invention and an
equivalent circuit of a display section of the liquid crystal
display device. The liquid crystal display device includes a
source driver 300 serving as a data signal line drive circuit, a
display section 100 that is an active matrix display section, a
backlight 600 serving as a planer illuminating device, a light
source drive circuit 700 for driving the backlight 600, and a
display control circuit 200 for controlling the source driver
300, the gate driver 400, and the light source drive circuit 700.
In the present embodiment, the display section 100 is an
active matrix liquid crystal panel. Alternatively, the display
section 100 may be integrated with the source driver 300 and
the gate driver 400 to form a liquid crystal panel.
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[0205] The display section 100 in the liquid crystal display
device includes gate lines GL1-GLm that are a plurality of
(m) scanning signal lines, source lines SL.1-SLn that are a
plurality of (n) data signal lines each intersecting each of the
gate lines GL.1-GLm, and a plurality of (mxn) pixel formation
sections provided respectively at intersections of the gate
lines GL1-GLm and the source lines SI.1-SLn. The pixel
formation sections are disposed in a matrix manner so as to
form pixel arrays. Hereinafter, a direction in which a gate line
extends in a pixel array is referred to as a row direction and a
direction in which a source line extends in a pixel array is
referred to as a column direction.

[0206] Each pixel formation section includes: a TFT 10
serving as a switching element whose gate terminal is con-
nected with a gate line GLj that crosses a corresponding
intersection and whose source terminal is connected with a
source line SLi that crosses the intersection; a pixel electrode
connected with a drain terminal of the TFT 10; a common
electrode Ec serving as a counter electrode provided com-
monly for the plurality of pixel formation sections; and a
liquid crystal layer that is provided commonly for the plural-
ity of pixel formation sections and that is sandwiched
between the pixel electrode and the common electrode Ec. A
liquid crystal capacitor formed by the pixel electrode and the
common electrode Fc serves as a pixel capacitor Cp. In gen-
eral, an auxiliary capacitor (retention capacitor) is provided in
parallel with a liquid crystal capacitor in order that a pixel
capacitor retains a voltage surely. However, the auxiliary
capacitor is not explained here and not shown in the drawings
since the auxiliary capacitor is not directly related to the
present embodiment.

[0207] Thesourcedriver 300 and the gate driver 400 supply
to apixel electrode in each pixel formation section a potential
corresponding to an image to be displayed, and a power
circuit (not shown) supplies a predetermined potential Vcom
to the common electrode Ec. Consequently, a voltage corre-
sponding to a potential difference between the pixel electrode
and the common electrode Ec is applied to liquid crystal. The
application of a voltage controls light transmittance of the
liquid crystal layer, thus enabling image display. It should be
noted that a polarization plate is used when the application of
a voltage to the liquid crystal layer controls light transmit-
tance, and a polarization plate in the present embodiment is
provided in such a manner as to realize a normally black
mode. Therefore, each pixel formation section forms a black
pixel when no voltage is applied to the pixel capacitor Cp of
the pixel formation section.

[0208] Thebacklight 600 is a planer illuminating device for
illuminating the display section 100 from backward, and
includes a cold-cathode tube and an optical waveguide for
example. The backlight 600 is driven by the light source drive
circuit 700 to emit light to each pixel formation section of the
display section 100.

[0209] The display control circuit 200 receives, from an
outside signal source, a digital video signal Dv indicative of
an image to be displayed; a horizontal sync signal HSY and a
vertical sync signal VSY each corresponding to the digital
video signal Dv; and a control signal De for controlling dis-
play operation. Further, the control circuit 200 generates,
based on the signals Dv, HSY, VSY, and Dc thus received, a
data start pulse signal SSP, a data clock signal SCK, a latch
strobe signal (data signal application control signal) LS, a
polarity inversion signal POL, a digital image signal DA
indicative of an image to be displayed (signal corresponding
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to video signal Dv), a gate start pulse signal GSP, a gate clock
signal GCK, and a gate driver output control signal (scanning
signal output control signal) GOE, each serving as a signal for
enabling the display section 100 to display an image indicated
by the digital video signal Dv, and the control circuit 200
outputs these signals.

[0210] To be more specific, the video signal Dv is subjected
to timing adjustment etc. in an internal memory if necessary
and then outputted as the digital image signal DA from the
display control circuit 200. The data clock signal SCK is
generated as a signal consisting of pulses corresponding to
pixels of an image indicated by the digital image signal DA.
The data start pulse signal SSP is generated, based on the
horizontal sync signal HSY, as a signal which has a high (H)
level only during a predetermined period with respect to each
horizontal scanning period. The gate start pulse signal GSP
(GSPa, GSPb) is generated, based on the vertical sync signal
VSY, as a signal which has a H level only during a predeter-
mined period with respect to each frame period (each vertical
scanning period). The gate clock signal GCK (GCKa, GCKb)
is generated based on the horizontal sync signal HSY. The
latch strobe signal LS and the gate driver output control signal
GOE (GOEa, GOEb) are generated based on the horizontal
sync signal HSY and the control signal Dc.

[0211] Among the signals thus generated by the display
control circuit 200, the digital image signal DA, the latch
strobe signal LS, the data start pulse signal SSP, the data clock
signal SCK, and the polarity inversion signal POL are input to
the source driver 300, and the gate start pulse signal GSP, the
gate clock signal GCK, and the gate driver output control
signal GOE are input to the gate driver 400.

[0212] Based on the digital image signal DA, the data start
pulse signal SSP, the data clock signal SCK, the latch strobe
signal LS, and the polarity inversion signal POL, the source
driver 300 sequentially generates data signals S(1)-S(n) that
are analog voltages corresponding to pixel values in each
horizontal scanning line of an image represented by the digi-
tal image signal DA, and applies the data signals S(1)-S(n) to
source lines SL1-SLn, respectively.

[0213] Based on the gate start pulse signal GSP (GSPa,
GSPb), the gate clock signal GCK (GCKa, GCKb), and the
gate driver output control signal GOE (GOEa, GOEb), the
gate driver 400 generates scanning signals G(1)-G(m) and
applies the scanning signals G(1)-G(m) to gate lines GL1-
GLm, respectively, so as to selectively drive the gate lines
GL1-GLm. Selective driving of the gate lines GL1-GLm is
realized by applying, as the scanning signals G(1)-G(m),
gate-on pulses whose selection periods equal to pulse widths.
It should be noted that in the present embodiment, all of pulse
widths of gate-on pulses Pw to be applied to individual gate
lines have the same length, except for a certain example of
driving. This makes charging conditions for individual pixels
equal, enabling display more even over the whole display
screen. This increases display quality.

[0214] As described above, the source driver 300 and the
gate driver 400 drive the source lines SL.1-SLn and the gate
lines GL1-GLm of the display section 100, so that a voltage of
a source line SLi is supplied to the pixel capacitor Cp via the
TFT 10 connected with the selected gate line GLj (i=1 to n
and j=1 to m). Thus, in individual pixel formation sections, a
voltage corresponding to the digital image signal DA is
applied to the liquid crystal layer, and application of the
voltage controls transmittance of light from the backlight
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600, enabling the display section 100 to display an image
indicated by the digital video signal Dv from the outside.
[0215] Examples of a display method include progressive
scan and interlace scan. The progressive scan is a method in
which when displaying one frame, i.e. during one frame
period, the gate lines GL.1-GLm are sequentially selected one
by one from top to bottom.

[0216] The interlace scan is a method in which the gate
lines GL1-GLm are divided into a plurality of groups in such
amanner that gate lines positioned with a predetermined line
distance from each other belong to one group, and individual
groups are scanned sequentially. In a case where the gate lines
GL1-GLm are divided into two groups in such a manner that
gate lines positioned with a distance of 1 line belong to one
group, odd gate lines or even gate lines of the gate lines
GL1-GLm are selected sequentially from top to bottom, and
then even gate lines or odd gate lines of the gate lines GL1-
GLm are selected sequentially from top to bottom.

[0217] (Example of Driving by Progressive Scan)

[0218] FIG. 2 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, and a gate-on
pulse (pixel data writing pulse) Pw in driving by progressive
scan where the polarity of a data signal voltage is inverted
with respect to every ten rows with a center value Vsc (sub-
stantially equal to Vcom in general) of the data signal voltage
as a reference and where 1 horizontal period (1H) right after
polarity inversion is regarded as a dummy insertion period
(indicated by circle). In FIG. 2, a lateral direction represents
time elapse and a longitudinal direction represents individual
rows of the gate lines (writing lines) GL1-GLm to which
gate-on pulses are applied.

[0219] As shown in FIG. 2, an actual waveform of the data
signal is rounded right after inversion of the polarity. That is,
it takes time for the data signal waveform to reach a prede-
termined voltage after the inversion of the polarity. In the
example shown in FIG. 2, it takes substantially 1 horizontal
period for the actual data signal waveform to reach the pre-
determined voltage. In FIG. 2, the data signal waveform is in
a simplified signal state where a data signal voltage (tone)
does not change during the same polarity. This holds for the
drawings mentioned hereinafter.

[0220] 1In order to deal with this problem, in the above
driving, the gate-on pulse Pw is not applied during 1 horizon-
tal period right after the inversion of the polarity in order to
provide a dummy horizontal period. Consequently, in a hori-
zontal period next to a dummy insertion period, a data signal
with the predetermined voltage is written in individual pixels.
[0221] Providing the dummy insertion period in this man-
ner allows increasing a reaching ratio (charging ratio) of an
actual voltage to an application voltage in the source lines
SL1-SLn (data signal lines) when writing pixel data after
polarity inversion. This prevents display unevenness with
respect to every 10 rows which is caused by rounding of the
data signal waveform at the moment of polarity inversion.
[0222] It should be noted that during the dummy insertion
period, the display control circuit 200 stops application of an
on-pulse of an LS signal to be input to the source driver 300.
Consequently, a data signal to be written during the dummy
insertion period is written during a horizontal period next to
the dummy insertion period. Therefore, providing the dummy
insertion period does not result in skip of data to be displayed,
and allows suitable display.

[0223] Alternatively, the display control circuit 200 may
output, in a horizontal period next to the dummy insertion



US 2013/0235025 A1

period, a data signal equal to a data signal to be applied during
the dummy insertion period right after the polarity inversion.
Also in this case, providing the dummy insertion period does
not result in skip of data to be displayed, and allows suitable
display.

[0224] FIG. 3 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, and a gate-on
pulse (pixel data writing pulse) Pw in driving by progressive
scan where the polarity of a data signal voltage is inverted
with respect to every 10 rows with Vsc as a reference and
where 2 horizontal periods (2H) right after polarity inversion
is regarded as a dummy insertion period (indicated by circle).
FIG. 4 shows a timing chart of a data signal waveform, a data
signal, alatch strobe signal LS, and a gate-on pulse (pixel data
writing pulse) Pw in driving by progressive scan where the
polarity of a data signal voltage is inverted with respect to
every 10 rows with Vsc as a reference and where 3 horizontal
periods (3H) right after polarity inversion is regarded as a
dummy insertion period (indicated by circle). In FIGS. 3 and
4, alateral direction represents time elapse and a longitudinal
direction represents individual rows of the gate lines (writing
rows) GL1-GLm to which gate-on pulses are applied.
[0225] In the example shown in FIG. 3, it takes approxi-
mately 2 horizontal periods for the actual data signal wave-
form to reach a predetermined voltage. In the example shown
in FIG. 4, it takes approximately 3 horizontal periods for the
actual data signal waveform to reach a predetermined voltage.
As described above, the degree of rounding of a voltage
waveform of a data signal differs depending on the specifica-
tion of a liquid crystal display device. This is because the
degree of loads to the source lines SL1-SLn differs depending
on, for example, the screen size and the number of pixels of a
liquid crystal display device.

[0226] Therefore, by setting the length of the dummy inser-
tion period in such a manner that the dummy insertion period
includes a time for the actual data signal to reach a predeter-
mined voltage after polarity inversion, it is possible to write
the data signal with the predetermined voltage in individual
pixels during a horizontal period next to the dummy insertion
period. For example, in a case where rounding of the data
signal waveform is seen in a 1 horizontal period correspond-
ing to 60 Hz, the dummy insertion period is set to be 1
horizontal period (1H). In a case where 120 Hz driving is
performed in the same liquid crystal display device, since
rounding of the data signal waveform is seen in 2 horizontal
periods corresponding to 120 Hz, and therefore the dummy
insertion period is set to be 2 horizontal periods (2H).
[0227] Providing the dummy insertion period in this man-
ner allows increasing a reaching ratio of an actual voltage to
an application voltage in the source lines SL1-SLn when
writing pixel data after the inversion of the polarity. This
prevents display unevenness with respect to every 10 rows
which is caused by rounding of the data signal waveform at
the moment of the inversion of the polarity.

[0228] In the above examples, the dummy insertion period
is 2H or 3H. Alternatively, the dummy insertion period may
be set to be 4H or more according to the degree of rounding of
the data signal waveform at the moment of inversion of the
polarity. It should be noted that setting the dummy insertion
period to have a predetermined length or more may cause
inconvenience such as tearing, in which an image is seen
shifted in a horizontal direction between gate lines around the
moment of inversion of the polarity. How the tearing is seen
depends on the length of the dummy insertion period.
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[0229] To be more specific, in a case where the dummy
insertion period is provided as described above, a difference
in display timing occurs between a pixel on a gate line where
display is performed before inversion of the polarity and a
pixel on a gate line where display is performed after inversion
of the polarity. FIG. 52 shows the result of sensory analysis in
which whether tearing was observed or not was examined
while changing the length of the dummy insertion period. In
the example shown in FIG. 52, a FHD panel (1920x1080
dots) performed display with frame frequency of 60 Hz, and
the dummy insertion period was changed within a range of
40H (593 ps) to S40H (8000 ps). The result shows that when
the dummy insertion period was 815 us or less, tearing was
hardly noticed, when the dummy insertion period was 1185
us, tearing was a little noticed, and when the dummy insertion
period was 1481 s or more, tearing was in a very poor state.

[0230] Inview of the above, when the difference in display
timing around the moment of polarity inversion gets more
than 0.8 msec, tearing gets likely to be seen, which deterio-
rates display quality. Therefore, by setting the time from the
moment of polarity inversion to the moment of an application
start of a gate-on pulse nearest to the moment of polarity
inversion among gate-on pulses applied after the moment of
polarity inversion to be equal to 0.8 msec or less, it is possible
to perform excellent display with little or no tearing.

[0231]

[0232] FIG. 5 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, and a gate-on
pulse (pixel data writing pulse) Pw in driving by interlace
scan where the polarity of a data signal voltage is inverted
with Vsc as a reference and where 1 horizontal period (1H)
right after inversion of the polarity is regarded as a dummy
insertion period (indicated by circle). In the interlace scan in
FIG. 5, 1 frame period is divided into the former half V% frame
period ('2F) and the latter half %5 frame period, odd rows are
scanned with the polarity of a data signal being plus in the
former half 1AF, and then even rows are scanned with the
polarity of a data signal being minus in the latter half ¥2F. For
simplicity, in the present example, it is supposed that there are
20 scanning signal lines.

[0233] In the interlace scan, a polarity inversion cycle is
14F. Accordingly, the interlace scan allows reduction of
power consumption and reduction of heat generated by the
source driver 300. Further, in the interlace scan, the polarity of
a voltage to be applied on pixels appears to be inverted with
respect to 1 row. This allows reducing flickers compared with
the progressive scan, and allows reducing display unevenness
due to coupling capacitance by pixels that are adjacent in a
longitudinal direction.

[0234] As inthe progressive scan, also in the interlace scan,
an actual waveform of a data signal is rounded at the moment
of inversion of the polarity of the data signal. That is, it takes
approximately 1 horizontal period for the data signal to reach
a predetermined voltage right after the inversion of the polar-
ity. Inorder to deal with this problem, in the above driving, the
gate-on pulse Pw is not applied during 1 horizontal period
right after the inversion of the polarity in order to provide a
dummy horizontal period. Consequently, in a horizontal
period next to the dummy insertion period, a data signal with
the predetermined voltage is written in individual pixels.

[0235] Providing the dummy insertion period in this man-
ner allows increasing a reaching ratio (charging ratio) of an

(Example of Driving by Interlace Scan)
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actual voltage to an application voltage in the source lines
SL1-SLn (data signal lines) when writing pixel data after the
inversion of the polarity.

[0236] It should be noted that, as in the progressive scan,
also in the interlace scan, during the dummy insertion period,
the display control circuit 200 stops application of an on-
pulse of an LS signal to be input to the source driver 300.
Consequently, a data signal to be written during the dummy
insertion period is written during a horizontal period next to
the dummy insertion period. Alternatively, the display control
circuit 200 may output, in a horizontal period next to the
dummy insertion period, a data signal equal to a data signal to
be applied during the dummy insertion period right after the
inversion of the polarity.

[0237] Data signals have been permutated beforehand by a
data signal permutation circuit included in the display control
circuit 200 in such a manner as to correspond to the interlace
scan as shown in the drawing. The data signals thus permu-
tated are subjected to a necessary process such as a timing
process, and then supplied as digital image signals DA to the
source driver 300. The data signal permutation circuit
receives digital video signals Dv that are digital RGB signals
supplied chronologically from an external signal source to the
display control circuit 200, causes the digital video signals Dv
to be temporarily stored in a memory, and then read out a
signal corresponding to a scanning signal line driven cur-
rently, and thus permutates the data signals.

[0238] (Block-Divided Interlace Scan)

[0239] FIG. 6 is a drawing showing frame numbers of data
signals to be applied to individual rows of the gate lines
(writing rows) GL1-GLm. In the interlace scan, odd rows and
even rows of the gate lines display images of different frame
numbers with respect to every ¥z frame. In the example shown
in FIG. 6, in the first 14F, odd rows of gate lines display an n”
frame image, and even rows of the gate lines display an n-1*
frame image. In the third }4F, the odd rows of the gate lines
display an n+1* frame image, and the even rows of the gate
lines display an n” frame image.

[0240] Under such circumstances, moving a vertically
oblong image shownin (a) of FIG. 7 in a lateral direction may
cause an inconvenience (combing) in which edges in a verti-
cal direction appear comb-like as shown in (b) of FIG. 7.
Combing is caused due to the same cause as a phenomenon in
which, for example, when an interlaced image is displayed by
a progressive scan monitor for PC without IP conversion, a
laterally scrolled image appears comb-like. How far combing
is seen depends on the length of period during which odd rows
and even rows of the gate lines display images of different
frame numbers.

[0241] FIG. 8 schematically shows a writing operation by
normal interlace scan. In FIG. 8, the lateral axis indicates time
lapse, and the longitudinal axis indicates gate lines GL1-GLm
that are writing rows. In the example in FIG. 8, all odd rows
of the gate lines GL1-GLm are written, and then evenrows are
written. If frame frequency is 120 Hz (1 cycle: 8.333 ms),
time Tc from the moment when writing an odd row of adja-
cent two gate lines to the moment when writing an even row
of the adjacent two gate lines is 4167 us.

[0242] As with the cause of tearing as explained above,
combing is caused by disparity in display timing between
adjacent gate lines. Therefore, the result of sensory analysis
for tearing is also true for combing. That is, combing is seen
when the time Tc is approximately 0.8 ms or more. Conse-
quently, in the example shown in FIG. 8, combing is seen.
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[0243] 1In contrast thereto, in the present embodiment, the
gate lines GL1-GLm are divided into a plurality of blocks and
interlace scan is performed with respect to each block (block-
divided interlace scan). This allows reducing the time Tc,
making combing less likely to be seen.

[0244] FIG. 9 schematically illustrates writing operation in
the block-divided interlace scan. The lateral axis indicates
time lapse and the longitudinal axis indicates the gate lines
GL1-GLm that are writing rows. In the example shown in
FIG. 9, the gate lines GL1-GLm are divided into blocks with
respect to every a rows, and interlace scan is performed with
respect to each block. To be specific, odd rows of 1 to o™ gate
lines are written with a data signal voltage having a plus
polarity (+ polarity) with respect to Vsc, and then even rows
of the 1"to o™ gate lines are written with a data signal voltage
having aminus polarity (- polarity) with respect to Vsc. Next,
even rows of a+1% to 207 gate lines are written with a data
signal voltage having a minus polarity (- polarity) with
respect to Vsc, and then odd rows of the o+1 to 20 gate
lines are written with a data signal voltage having a plus
polarity (+ polarity) with respect to Vsc. All rows of 1 frame
are written by sequentially repeating these steps.

[0245] In the above steps, a first block including the 1* to
o gate lines are written in such a manner that odd rows are
written firstly and even rows are written secondly, and a
second block including the a+1to 2a™ gate lines are written
in such a manner that even rows are written firstly and odd
rows are written secondly. That is, in the odd block, odd rows
are written firstly and even rows are written secondly, and in
the even block, even rows are written firstly and odd rows are
written secondly. When the last line in one block is written
and then the first line in next block is written, a data signal
voltage maintains the same polarity. This makes it unneces-
sary to perform inversion of the polarity when switching
blocks to be written, thus reducing power consumption.
[0246] The time Tc which is a difference in time between
writing in adjacent rows in the block-divided interlace scan is
represented by an equation below.

Te=(a/2)/(Vtotal)x(frame cycle)

wherein Vtotal represents 1 vertical period, that is, whole
scanning lines. Since (frame cycle)/(Vtotal)=(time of 1 hori-
zontal period), the above equation may be written as follows.

Te=(a/2)x(1H, time of 1 horizontal period)

[0247] For example, in a case of 120 Hz driving in 52 type
full HD (the number of all scanning lines including blanking
period is 1125), if =48, the time Tc that would cause abnor-
mal display state is

Te=(48/2)/1125x(1/120)x10°6=177.8 s

and consequently combing is so prevented as not to be seen.
[0248] Further, ina case of 60 Hz driving in 37 type full HD
(the number of all scanning lines including blanking period is
1125), if a=20, similar calculation shows that Tc=148.1 s,
and consequently combing is so prevented as not to be seen.

[0249] (Example of Driving in Block-Divided Interlace
Scan)
[0250] FIG. 10 shows a timing chart of a data signal wave-

form, a data signal, a latch strobe signal LS, and a gate-on
pulse Pw in driving by block-divided interlace scan where the
number a of scanning lines in one block is 20 and where 1
horizontal period (1H) right after inversion of the polarity is
regarded as a dummy insertion period (indicated by circle). In
FIG. 10, the lateral direction indicates time lapse and the
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longitudinal direction indicates individual rows of gate lines
(writing rows) GL1-GLm to which gate-on pulses are
applied.

[0251] In this driving example, a first block including 1°*-
20” gate lines is written in such a manner that odd rows are
written firstly and even rows are written secondly, and a
second block including 21°"-40” gate lines is written in such
a manner that even rows are written firstly and odd rows are
written secondly. Therefore, in the 1-40” gate lines, inver-
sion of the polarity is made when switching from odd rows to
even rows in the first block and when switching from even
rows to odd rows in the second block. To be specific, even
rows corresponding to 20H in the 1-40” gate lines are
scanned while a data signal maintains the same polarity (here,
— polarity). 20 odd rows from 21* gate line are scanned while
a data signal maintains the same polarity (here, + polarity).
Therefore, except for the first scan, scan is performed with the
polarity of a data signal inverted with respect to every 20
rows.

[0252] In this example, it takes substantially 1 horizontal
period right after inversion of the polarity for an actual data
signal waveform to reach a predetermined voltage. Conse-
quently, there is a case where display unevenness is caused by
rounding of the data signal at the moment of polarity inver-
sion.

[0253] Therefore, as described above, by setting the length
of adummy insertion period in such a manner that the dummy
insertion period includes the time for a data signal to reach a
predetermined voltage after inverting its polarity, a data sig-
nal with the predetermined voltage is written in individual
pixels in a horizontal period next to the dummy insertion
period. Providing the dummy insertion period in this manner
allows increasing a reaching ratio of an actual voltage to an
application voltage in the source lines SL.1-SLn when writing
pixel data after inversion of the polarity. This allows prevent-
ing display unevenness with respect to approximately every
20 rows that is caused by rounding of the data signal wave-
form at the moment of polarity inversion.

[0254] Further, compared with the above progressive scan,
in this driving, the polarity of a voltage applied to a pixel is
inverted with respect to each row, which reduces flickers and
reduces display unevenness caused by coupling capacitance
of pixels adjacent in a longitudinal direction. In addition,
since the block-divided interlace scan is employed, it is pos-
sible to prevent the combing.

[0255] Data signals have been permutated beforehand by a
data signal permutation circuit included in the display control
circuit 200 in such a manner as to correspond to the block-
divided interlace scan as shown in the drawing. The data
signals thus permutated are subjected to a necessary process
such as a timing process, and then supplied as digital image
signals DA to the source driver 300. The data signal permu-
tation circuit receives digital video signals Dv that are digital
RGB signals supplied chronologically from an external sig-
nal source to the display control circuit 200, causes the digital
video signals Dv to be temporarily stored in a memory, and
then read out a signal corresponding to a scanning signal line
driven currently, and thus permutates the data signals.
[0256] In the driving example shown in FIG. 11, in a first
block including 15-20” gate lines, even rows are written
firstly and odd rows are written secondly, and in a second
block including 21°-40” gate lines, odd rows are written
firstly and even rows are written secondly. Consequently,
inversion of the polarity is made at the time of switching from
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even rows to odd rows in the first block and at the time of
switching from odd rows to even rows in the second block.
Other features are the same as those of the driving example in
FIG. 10 and therefore explanations thereof are omitted here.

[0257] In the driving example shown in FIG. 12, in a first
block including 1¥-20% gate lines, even rows are written
firstly and odd rows are written secondly, and in a second
block including 215-40” gate lines, odd rows are written
firstly and even rows are written secondly. From the 1* gate
line to the 407 gate line, inversion of the polarity is made not
only at the time of switching from even rows to odd rows in
the first block and at the time of switching from odd rows to
even rows in the second block, but also at the time of switch-
ing from the first block to the second block. 1 horizontal
period (1H) right after these inversions of the polarities is
regarded as a dummy insertion period.

[0258] Also in this driving example, providing the dummy
insertion period yields the same effect as above. However,
compared with the above driving examples in FIGS. 10 and
11, this driving example has increased number of inversion of
the polarity. Accordingly, in view of power consumption, the
driving examples in FIGS. 10 and 11 are preferable to the
driving example in FIG. 12.

[0259] Further, in the driving example in FIG. 12, voltages
with the same polarity are applied to pixel electrodes of 207
and 21 gate lines, respectively. In contrast thereto, in a case
of other gate lines, voltages with opposite polarities are
applied to pixel electrodes of adjacent gate lines in a longitu-
dinal direction. Consequently, voltage variation of pixel elec-
trodes after gate-off, which variation is caused by coupling
capacitance of pixel electrodes adjacent in a longitudinal
direction, differs between the case of 20% and 21 gate lines
and other gate lines, resulting in stripped display unevenness.
In view of this problem, the driving examples in FIGS. 10 and
11 are preferable to the driving example in FIG. 12.

[0260] In the driving example shown in FIG. 13, in a first
block including 1°-20” gate lines, even rows are written
firstly and odd rows are written secondly, and also in a second
block including 21°%-40” gate lines, even rows are written
firstly and odd rows are written secondly. From the 1% gate
line to the 407 gate line, inversion of the polarity is made not
only at the time of switching from even rows to odd rows in
the first block and at the time of switching from odd rows to
even rows in the second block, but also at the time of switch-
ing from the first block to the second block. 1 horizontal
period (1H) right after these inversions of the polarities is
regarded as a dummy insertion period.

[0261] Unlike the driving example in FIG. 12, in the driving
example in FIG. 13, voltages with opposite polarities are
applied to pixel electrodes of the 207 gate line and the 21
gate line, respectively. Consequently, voltage variation of
pixel electrodes after gate-off, which variation is caused by
coupling capacitance of pixel electrodes adjacent in a longi-
tudinal direction, are substantially identical among all rows,
allowing prevention of stripped display unevenness.

[0262] FIG. 14 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, and a gate-on
pulse Pw in driving by block-divided interlace scan where the
number a of scanning lines in one block is 20 and where 2
horizontal periods (2H) right after inversion of the polarity is
regarded as a dummy insertion period (indicated by circle). In
FIG. 14, the lateral direction indicates time lapse and the
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longitudinal direction indicates individual rows of gate lines
(writing rows) GL1-GLm to which gate-on pulses are
applied.

[0263] In the example shown in FIG. 14, it takes substan-
tially 2 horizontal periods right after inversion of the polarity
for an actual data signal waveform to reach a predetermined
voltage. Therefore, as described above, by setting the length
ofa dummy insertion period in such a manner that the dummy
insertion period includes the time for a data signal to reach a
predetermined voltage after inverting its polarity, the data
signal with the predetermined voltage is written in individual
pixels in a horizontal period next to the dummy insertion
period. Providing the dummy insertion period in this manner
allows increasing a reaching ratio of an actual voltage to an
application voltage in the source lines SL1-SLn when writing
pixel data after inversion of the polarity. This allows prevent-
ing display unevenness caused by rounding of the data signal
waveform at the moment of inverting the polarity.

[0264] Although the length of the dummy insertion period
in the above example is set to 2H, the length may be set to 3H
or more according to the degree of rounding of the data signal
waveform after inversion of the polarity.

[0265]

[0266] The following explains the dummy insertion period
in more details. In the above driving examples, a period from
the moment of inversion of the polarity to the moment of first
application of a gate-on pulse Pw is provided as one or more
horizontal periods, thereby preventing the influence of round-
ing of a data signal waveform. However, this period is not
limited to one or more horizontal periods. If this period is as
defined below, this period can prevent the influence of round-
ing of a data signal waveform.

[0267] Initially, when alast end of a gate-on pulse nearest to
amoment of polarity inversion of a data signal among gate-on
pulses applied before the moment of polarity inversion is
earlier than an end time of a horizontal period during which
the gate-on pulse is applied, a period that starts at the last end
of the gate-on pulse and ends at the end time of the horizontal
period is defined as a first period. Further, a period that starts
at the moment of the polarity inversion and ends at a moment
of an application start of a gate-on pulse nearest to the
moment of the polarity inversion among gate-on pulses
applied after the polarity inversion is defined as a second
period. The gate-on pulse Pw should be applied so that the
second period is longer than the first period.

[0268] In the above driving examples, the second period
corresponds to the dummy insertion period, and the first
period corresponds to a period from the time when a gate-on
pulse Pw is off in one horizontal period to the time when the
horizontal period ends. Therefore, itis evident that the second
period is longer than the first period in each of the above
driving examples. Further, although not described as the
above driving examples, driving may be performed in such a
manner that a horizontal period in which a gate-on pulse Pw
is not applied is provided right before inversion of the polar-
ity. Also in this case, it is evident that the second period is
longer than the first period.

[0269] With such driving, a gate-on pulse Pw is not applied
at the moment of inversion of the polarity. This allows pre-
venting data signals with opposite polarities from being
simultaneously applied to two adjacent gate lines to which
gate-on pulses Pw are applied before and after inversion of the

(Control of Application of Gate-on Pulse)
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polarity, respectively. This allows preventing image display
from being disturbed at the moment of inversion of the polar-
ity.

[0270] Further, among the gate-on pulses Pw applied after
the moment of inversion of the polarity, the gate-on pulse Pw
nearest to the moment of inversion of the polarity is gated on
after a period longer than the first period has elapsed from the
moment of inversion of the polarity. This prevents charge ofa
pixel from being carried out during a period where a data
signal waveform is greatly rounded due to inversion of the
polarity. This allows displaying an image with high quality
that is free from display unevenness etc.

[0271] Further, the period from the moment of inversion of
the polarity to the moment of first application of a gate-on
pulse Pw may be set as follows. That is, a gate-on pulse may
be applied so that a period from the moment of polarity
inversion to the moment of application start of a gate-on pulse
Pw nearest to the moment of polarity inversion among gate-
on pulses Pw applied after the moment of polarity inversion is
equal to or more than the length of a horizontal display period
that is obtained by subtracting a horizontal blanking period
from a horizontal period.

[0272] In the above driving examples, the period from the
moment of polarity inversion to the moment of application
start of a gate-on pulse Pw nearest to the moment of polarity
inversion among gate-on pulses Pw applied after the moment
of polarity inversion corresponds to a dummy insertion
period. Accordingly, it is evident that the dummy insertion
period is longer than the horizontal display period in each of
the driving examples.

[0273] Thelength of'a horizontal period is equal to the sum
of the length of a horizontal display interval and the length of
a horizontal blanking period. In general, a data signal to be
applied to a source line is designed to have a signal waveform
that allows a pixel to be charged within 1 horizontal display
period. Accordingly, at the time when 1 horizontal display
interval or more has elapsed from the moment of polarity
inversion, theinfluence of rounding ofa data signal waveform
due to polarity inversion is prevented. This allows preventing
charge of apixel from being carried out during a period where
a data signal waveform is greatly rounded due to polarity
inversion. This allows displaying an image with high quality
which is free from display unevenness etc.

[0274] As described above, a data signal to be applied to a
source line is basically designed to have a signal waveform
that allows a pixel to be charged within 1 horizontal display
period. However, the case of carrying out polarity inversion
causes a larger change in a voltage of a data signal waveform
than the case of not carrying out the polarity inversion. Con-
sequently, under a certain condition of designing a device,
there is a possibility that a pixel is not charged within 1
horizontal display period. In order to deal with such a case,
the dummy insertion period may be set to be 2H or more as in
the above driving examples.

Embodiment 2

[0275] Another embodiment of the present invention is
described below with reference to the drawings. Configura-
tions having the same functions as those in Embodiment 1 are
given the same reference numerals and explanations thereof
are omitted here.

[0276] (Configuration of Liquid Crystal Display Device)
[0277] FIG. 15 is a block diagram illustrating a configura-
tion of a liquid crystal display device of the present embodi-
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ment and an equivalent circuit of a display section of the
liquid crystal display device. The liquid crystal display device
is obtained by arranging the liquid crystal display device of
FIG. 1 so as to further include a CS control circuit (retention
capacitor signal drive section) 90 serving as an auxiliary
capacitor line drive circuit. Except for the CS control circuit
90, the liquid crystal display device of the present embodi-
ment is the same as the liquid crystal display device of
Embodiment 1 and therefore explanation thereof is omitted
here.

[0278] The CS control circuit 90 is a circuit for controlling
the phase, the width etc. of a waveform of a CS (retention
capacitor) signal to be applied to an auxiliary capacitor line
(retention capacitor line; CS line). Control by the CS control
circuit 90 and the auxiliary capacitor line will be detailed
later.

[0279] FIG. 16 schematically illustrates an equivalent cir-
cuit of one pixel of the liquid crystal display device of the
present embodiment. As illustrated in FIG. 16, each pixel
includes two sub-pixels and a first TFT 12 and a second TFT
12b are provided so as to correspond to the sub-pixels, respec-
tively. A first sub-pixel electrode 174, a counter electrode Ec,
and a liquid crystal layer between the first sub-pixel electrode
17a and the counter electrode Ec constitute a first sub-pixel
capacitor Cspl, and a second sub-pixel electrode 175, a
counter electrode Ec, and a liquid crystal layer between the
second sub-pixel electrode 175 and the counter electrode Ec
constitute a second sub-pixel capacitor Csp2. Such pixel
structure is referred to as amulti-pixel structure. In the present
embodiment, one pixel includes two sub-pixels. Alterna-
tively, one pixel may include three or more sub-pixels.
[0280] When employing such a multi-pixel structure, it is
preferable that at least two of the sub-pixels have different
luminance. If at least two of the sub-pixels have different
luminance, then one pixel includes a bright sub-pixel and a
dark sub-pixel, allowing the liquid crystal display device to
display a halftone with use of area coverage modulation. This
is suitable for reducing excess brightness when viewing a
liquid crystal screen in a skew direction.

[0281] Electrostatic capacitances of the first sub-pixel
capacitor Csp1 and the second sub-pixel capacitor Csp2 have
the same value, and they depend on effective voltages applied
on individual liquid crystal layers. Further, a first auxiliary
capacitor Cs1 and a second auxiliary capacitor Cs2 are pro-
vided independently of the first sub-pixel capacitor Csp1 and
the second sub-pixel capacitor Csp2, and electrostatic capaci-
tances of the first auxiliary capacitor Csl and the second
auxiliary capacitor Cs2 have the same value.

[0282] One electrodes of the first sub-pixel capacitor Cspl
and the first auxiliary capacitor Cs1 are connected with a
drain electrode of the first TFT 124, and the other electrode of
the first sub-pixel capacitor Cspl is connected with the
counter electrode Ec, and the other electrode of the first
auxiliary capacitor Cs1 is connected with an auxiliary capaci-
tor line (CS line) 52a. On the other hand, one electrodes of the
second sub-pixel capacitor Csp2 and the second auxiliary
capacitor Cs2 are connected with a drain electrode of the
second TFT 125, and the other electrode of the second sub-
pixel capacitor Csp2 is connected with the counter electrode
Ec, and the other electrode of the second auxiliary capacitor
Cs2 is connected with an auxiliary capacitor line (CS line)
52b.

[0283] Gate electrodes of the first TFT 124 and the second
TFT 125 are connected with a scanning line 16, and source
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electrodes of the first TFT 124 and the second TFT 125 are
connected with a signal line 15.

[0284] FIG. 17 illustrates how the CS control circuit 90, CS
main lines (retention capacitor signal lines) 52M, and CS
lines 52 are connected with one another. FIG. 18 details how
the CS main lines 52M and the CS lines 52 are connected with
one another.

[0285] The CS control circuit 90 outputs CS signals with
different signal waveforms to the CS main lines 52M, respec-
tively. In the example shown in FIG. 18, the CS main lines
52M are composed of 10 lines A-H and J and K, and receive
respective CS signals with different signal waveforms. The
CS main lines 52M are provided outside the display area of
the liquid crystal display device.

[0286] Each of the CS lines 52 is provided between adja-
cent gate lines GLm-1 and GLm in such a manner as to be
along with the gate line GLm. Further, each CS line 52 is
connected with one of the CS main lines 52M. In the example
shown in FIG. 18, the CS lines 52 correspond to CS_A-CS_H,
CS_J and CS_K that are connected with A-H, J, and K of the
CS main lines 52M, respectively.

[0287] Intheliquid crystal display device having the above
multi-pixel structure, when a source driver 300 drives the
source lines SL1-SLn of the display section 100 and a gate
driver 400 drives the gate lines GL1-GLm of the display
section 100, a voltage of a source line SLi is applied on a pixel
capacitor via a TFT 10 connected with a selected gate line
GLj (:=1ton,j=1 to m). Then, the CS control circuit 90 drives
the CS lines 52 and controls, with use of a CS signal, the
voltage of the source line SLi which is supplied to the pixel
capacitor.

[0288] This allows voltages corresponding to digital image
signals DA are applied on a liquid crystal layer in individual
pixel formation sections. Transmittance of light from a back-
light 600 is controlled in response to application of the volt-
ages, causing the display section 100 to display an image
indicated by a digital video signal Dv from outside.

[0289] (Example of Interlace Scan Drive)

[0290] FIG. 19 is a timing chart of a data signal waveform,
adatasignal, alatch strobe signal LS, a gate-on pulse Pw, and
a CS signal in driving by interlace scan where the polarity of
a data signal voltage is inversed with respect to every 10 rows
with Vsc as a reference. In the interlace scan in FIG. 19, one
frame period is divided into a former half 4 frame period
(¥2F) and a latter half V4 frame period, and in the former half
14F, odd rows are scanned with the polarity of a data signal
being plus, and in the latter half \2F, even rows are scanned
with the polarity of a data signal being minus. Here, for
simplicity, in this example, it is assumed that there are pro-
vided 20 scanning signal lines and the polarity of a data signal
1s inverted with respect to every 10H.

[0291] Bright-dark states of two sub-pixels that correspond
to individual CS lines 52 are shown in FIG. 19. Further, the
right side of the timing chart shows a bright-dark state of
individual sub-pixels driven by inverting the polarity between
adjacent source lines SLn-1 and SLn. In this driving example,
combinations of bright-dark states of individual sub-pixels
form a checkered pattern, which is the best form since the
checkered pattern has the least jaggyness of an image. Here,
a hatched piece indicates a dark sub-pixel and a non-hatched
piece indicates a bright sub-pixel. In order to carry out such
driving, conditions below are required.

[0292] When a period from the time of applying a gate-on
pulse on an odd gate line that is one of two adjacent gate lines
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and that firstly receives application of a gate-on pulse to the
time of applying a gate-on pulse on an even line that is the
other of the two adjacent gate lines and that secondly receives
application of a gate-on pulse is regarded as an adjacent line
writing time difference period, inversion of the polarity is
performed even times (2k (k is an integer of 1 or more))
during at least the adjacent line writing time difference
period. In other words. if a polarity inversion cycle of a CS
signal is the sum of a first polarity continuation period and a
second polarity continuation period, setting that (polarity
inversion cycle of CS signal)=(adjacent line writing time
difference period)/k (k is an integer of 1 or more) enables a
bright-dark state to be completely inverted between sub-pix-
els adjacent to each other in a column direction. That is, this
enables to keep a bright-dark state of a sub-pixel constant,
thereby preventing deterioration in display quality. Further,
since the order of brightness and darkness of individual sub-
pixels is inverted between an odd line and an even line with
respect to each line, it is possible to prevent occurrence of
jaggyness of an image.

[0293] Inthe example in FIG. 19, k=1 and a polarity inver-
sion cycle of a CS signal is ¥4 of an adjacent line writing time
difference period. In a case where k=1, the polarity inversion
cycle of a CS signal is longest, and therefore applying a
gate-on pulse Pw after inversion of the polarity of a CS signal
and right before the next inversion of the polarity allows
writing of data to individual sub-pixels at the time when a
waveform of a CS signal sufficiently achieves a steady state.

[0294] Further, the phase of'a CS signal to be applied to the
n+2"¢C$ line 52 is delayed by 1H with respect to the phase of
a CS signal to be applied to the n CS line 52. This allows
writing of data into individual sub-pixels at the moment after
the same time has elapsed from the time of inversion of the
polarity of aCS signal in all the CS lines 52 and at the moment
when the waveform of the CS signal sufficiently achieves a
steady state. Therefore, it is possible to prevent display
unevenness dueto rounding of the waveform of the CS signal.

[0295] In order to meet the above first and second condi-
tions, CS signals in twice the number of a horizontal period
included in a half period of a polarity inversion cycle of a data
signal waveform, i.e. a period where one polarity continues.
In the example in FIG. 19, 10(H)x2=20 kinds of CS signals
are required. A simple calculation shows that, in this example,
it is necessary to provide 20 CS main lines 52M. However, in
this example, using CS signals with opposite polarities allows
the above driving only with 10 kinds (phases) of CS signals.
To be specific, the CS lines 52 are divided into two blocks, 1.e.
a block including upper 10 rows and a block including lower
11 rows, and CS signals in two rows in the upper 10 rows are
paired, and the order of CS signals in each pair is inverted in
the lower 10 rows, and a CS signal at the lower 117 row is
made identical with a CS signal at the upper 1* row, so that the
above driving is realized with use of 10 kinds (phases) of CS
signals.

[0296] As described above, in the interlace scan, the polar-
ity inversion cycle is ¥2F. Accordingly, the interlace scan
allows reducing power consumption and heat of the source
driver 300, compared with the progressive scan. Further, in
the interlace scan, the polarity of a voltage applied on a pixel
appears to be inverted with respect to 1 row, allowing reduc-
tion of flickers, and allowing reduction of unevenness due to
coupling capacitance of pixels adjacent in a longitudinal
direction.
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[0297] Data signals have been permutated beforehand by a
data signal permutation circuit included in the display control
circuit 200 in such a manner as to correspond to the interlace
scan as shown in the drawing. The data signals thus permu-
tated are subjected to a necessary process such as a timing
process, and then supplied as digital image signals DA to the
source driver 300. The data signal permutation circuit
receives digital video signals Dv that are digital RGB signals
supplied chronologically from an external signal source to the
display control circuit 200, causes the digital video signals Dv
to be temporarily stored in a memory, and then reads out a
signal corresponding to a scanning signal line driven cur-
rently, and thus permutates the data signals. This holds for
other driving examples below.

[0298] Also in this interlace scan, an actual data signal
shows rounding of waveform, as described above. In the
example in the drawing, it takes substantially 1 horizontal
period right after inversion of the polarity for an actual data
signal waveform to reach a predetermined voltage. Accord-
ingly, there is a possibility that display unevenness due to
rounding of the waveform of the data signal occurs.

[0299] Anexample of driving capable of improving display
unevenness due to rounding of the waveform of the data
signal is a driving example shown in FIG. 20. FIG. 20 shows
atiming chart of a data signal waveform, a data signal, a latch
strobe signal LS, a gate-on pulse Pw, and a CS signal in
driving by interlace scan where the polarity of a data signal
voltage is inverted with Vsc as a reference and where 2 hori-
zontal periods (2H) right after inversion of the polarity are
regarded as a dummy insertion period. In the interlace scan in
FIG. 20, 1 frame period is divided into the former half 5
frame period (12F) and the latter half % frame period, odd
rows are scanned with the polarity of a data signal being plus
in the former half %4F, and then even rows are scanned with
the polarity of a data signal being minus in the latter half /2F.
For simplicity, it is assumed that there are 20 scanning signal
lines.

[0300] 1In the example shown in FIG. 20, it takes substan-
tially 2 horizontal periods right after polarity inversion for an
actual data signal waveform to reach a predetermined voltage.
In contrast, in the driving method, a gate-on pulse Pw is not
applied during 2 horizontal periods right after inversion ofthe
polarity so as to provide a dummy horizontal period. Conse-
quently, in a horizontal period next to a dummy insertion
period, a data signal with the predetermined voltage is written
into individual pixels.

[0301] As described above, providing the dummy insertion
period allows increasing a reaching ratio (charging ratio) of
an actual voltage to an application voltage in the source lines
SL1-SLn (data signal lines) when writing pixel data after
inversion of the polarity.

[0302] Itshould be noted that, as in Embodiment 1, during
the dummy insertion period, the display control circuit 200
stops application of an on-pulse of an LS signal to be input to
the source driver 300. Consequently, a data signal to be writ-
ten during the dummy insertion period is written during a
horizontal period next to the dummy insertion period. Alter-
natively, the display control circuit 200 may output, in 2
horizontal periods next to the dummy insertion period, a data
signal equal to a data signal to be applied during the dummy
insertion period right after the inversion of the polarity.
[0303] On the other hand, simply inserting a dummy inser-
tion period as in the present driving example raises the fol-
lowing problem in the multi-pixel driving. That is, insertion
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of the dummy insertion period lengths the polarity inversion
cycle of a data signal waveform, whereas the polarity invet-
sion cycle of a CS signal does not change. This causes dis-
parity between phases of the data signal waveform and the CS
signal. This makes the bright-dark state of a sub-pixel
unstable, dropping display quality.

[0304] In FIG. 20 for example, in the latter half '4F, a
gate-on pulse Pw is applied during a period when the wave-
form of a CS signal is greatly rounded and consequently
display is carried out while the voltage of the CS signal does
not reach a predetermined value, resulting in display uneven-
ness. Further, in relations among the gate-on pulse Pw, the
data signal waveform, and the CS signal waveform shown in
the drawing, the order of brightness and darkness of indi-
vidual sub-pixels is as follows: bright, dark, dark, bright,
bright, dark, . . .. i.e., dark sub-pixels or bright sub-pixels
appears successively with respect to every 2 rows. In the
drawing, a hatched portion corresponds to a dark sub-pixel
and a non-hatched portion corresponds to a bright sub-pixel.
This configuration is problematic in that it has more eminent
jaggyness as display quality compared with a configuration in
which brightness and darkness are switched with respect to
each row.

[0305] One example of a driving method that improves the
problem due to the difference between a polarity inversion
cycle of'a CS signal and a polarity inversion cycle of a data
signal waveform is a driving example shown in FIG. 21. The
drawing shows a timing chart of a data signal waveform, a
data signal, a latch strobe signal LS, a gate-on pulse Pw, and
a CS signal in driving by interlace scan where the polarity of
adata signal waveformis inverted with Vsc as a reference and
where two horizontal periods (2H) right after inversion of the
polarity of a data signal are regarded as a dummy insertion
period and a CS signal dummy period corresponding to 2H is
inserted into a CS signal during a period when the dummy
insertion period is inserted. In the interlace scan in the draw-
ing, 1 frame period is divided into a former half 4 frame
period and a latter half ¥ frame period and odd rows are
subjected to interlace scan with the polarity of a data signal
being plus in the former half %AF and even rows are subjected
to interlace scan with the polarity of a data signal being minus
in the latter half /4F. For simplicity, it is assumed that there are
20 scanning signal lines.

[0306] Inthe example in FIG. 21, when a dummy insertion
period is not inserted, a period during which one polarity of a
CS signal continues (polarity continuation period)is SH. Toa
polarity continuation period of a CS signal right after inver-
sion of the polarity of a data signal is added a period when a
dummy insertion period is inserted, i.e. 2H. That s, a polarity
continuation period of a CS signal right after inversion of the
polarity is setto 7H and a polarity continuation period of other
CS signal is set to 5SH.

[0307] With the above driving, insertion of a dummy inser-
tion period allows lengthening the polarity inversion cycle of
adatasignal waveform and lengthening the polarity inversion
cycle of a CS signal. This allows keeping relationship in
phase between the data signal waveform and the CS signal.
Further, at least in an adjacent line writing time difference
period, each of the CS signals has the same polarity inversion
timing among successive frames. This stabilizes the state of
brightness-darkness of sub pixels, preventing deterioration in
display quality. Further, since the order of brightness and
darkness of individual sub-pixels is inverted between an odd
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line and an even line with respect to each line, it is possible to
prevent occurrence of jaggyness of an image.

[0308] Further, with the configuration, in all the CS lines, it
is possible to write data into individual sub-pixels at a time
when the same time has elapsed from the moment of inversion
of the polarity of a CS signal and when the waveform of the
CS signal sufficiently achieves a steady state. This allows
preventing display unevenness due to rounding of the wave-
form of a CS signal.

[0309] Such driving can be realized by delaying the phase
of a CS signal applied to an n+2"? CS line 52 by 1H with
respect to the phase of a CS signal applied to ann™ CS line 52
during a period when a data signal waveform continues to
have the same polarity.

[0310] The CS signal lines 52 are divided into a block
including upper 10 rows and a block including lower 11 rows,
and CS signals in two rows in the upper 10 rows are paired,
and the order of CS signals in each pair is inverted in the lower
10 rows, and a CS signal at the lower 117 row is made
identical with a CS signal at the upper 1* row. Thus, the above
driving is realized using 10 kinds of CS signals.

[0311] Inthe above example, the dummy insertion period is
2H. Alternatively, the dummy insertion period may be 1H or
3H or more depending on the degree of rounding of a data
signal waveform.

[0312] On the other hand, in the driving example, two
polarities have different polarity continuation periods in a
waveform of a CS signal. In this case, there is a possibility that
an effective voltage of a sub-pixel varies depending on the
difference in the polarity continuation period, resulting in
striped display unevenness.

[0313] One example ofa driving method that improves the
problem due to the difference in the polarity continuation
period is a driving example shown in FIG. 22. The drawing
shows a timing chart of a data signal waveform, a data signal,
a latch strobe signal LS, a gate-on pulse Pw, and a CS signal
in driving by interlace scan where the polarity of a data signal
waveform is inverted with Vsc as a reference and where two
horizontal periods (2H) right after inversion of the polarity of
a data signal are regarded as a dummy insertion period and
polarity continuation periods of CS signals are increased by
1H. In the interlace scan in FIG. 22, 1 frame period is divided
into a former half 2 frame period and a latter half /4 frame
period and odd rows are subjected to interlace scan with the
polarity of a data signal being plus in the former half /AF and
even rows are subjected to interlace scan with the polarity of
a data signal being minus in the latter half V2F. For simplicity,
it is assumed that there are 20 scanning signal lines.

[0314] Inthe example in FIG. 22, when a dummy insertion
period is not inserted, a period during which one polarity ofa
CS signal continues (polarity continuation period) is SH. To
one polarity continuation period ofa CS signal is added 1H of
2H corresponding to the inserted dummy insertion period, so
that the one polarity continuation period becomes 6H. To the
other polarity continuation period of a CS signal is added
remaining 1 H ofthe 2H corresponding to the inserted dummy
insertion period, so that the other polarity continuation period
becomes 6H. That is, the polarity inversion cycle of a CS
signal is set to be half the length of a polarity inversion cycle
of a data signal waveform to which the dummy insertion
period is added, and the polarity continuation period of the CS
signal is made constant regardless of the polarity.

[0315] Itshouldbenoted that the dummy insertion period is
set in such a manner that half the length of the polarity
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inversion cycle of a data signal waveform to which the
dummy insertion period is added is equal to the length corre-
sponding to positive integer number of 1 horizontal periods.
This allows setting the polarity continuation period by the
length of 1 horizontal period as a unit. This prevents a circuit
for generating a CS signal waveform from being complicated.
[0316] Asinthecaseofthe driving example in FIG. 21, this
driving yields the effect of stabilizing the state of brightness-
darkness of sub-pixels and preventing deterioration in display
quality, the effect of preventing jaggyness, and the effect of
preventing display unevenness due to rounding of waveform
of a CS signal. In addition, this driving yields an effect as
follows: since a polarity continuation period of one polarity is
equal to a polarity continuation period of the other polarity, it
is possible to keep an effective potential of a sub-pixel sub-
stantially constant, preventing striped display unevenness.
[0317] In the present driving example, the CS lines 52 are
divided into a block including upper 12 rows and a block
including lower 9 rows, and CS signals in two rows in the
upper 8 rows in the block including upper 12 rows are paired,
and the order of CS signals in each pair is inverted in the lower
8 rows, and a CS signal at lower 9” row is made identical with
a CS signal at upper 10” row. This provides 12 kinds of
(phases of) CS signals, allowing the above driving.

[0318] Another example of a driving method that improves
the problem due to the difference in the polarity continuation
period in the driving example in FIG. 21 is explained below.
FIG. 23 is a timing chart of a data signal waveform, a data
signal, a latch strobe signal LS, a gate-on pulse Pw, and a CS
signal in driving by interlace scan where the polarity ofa data
signal voltage is inverted with Vsc as a reference and where 2
horizontal periods (2H) right after inversion of the polarity of
a data signal are regarded as a first dummy insertion period
and 2 horizontal periods (2H) prior to the inversion of the
polarity of a data signal by 5 horizontal periods (5H) are
regarded as a second dummy insertion period, and CS signal
dummy periods each corresponding to 2H are inserted into
CS signals during periods to which the first and second
dummy insertion periods are inserted, respectively. In the
interlace scan in FIG. 23, 1 frame period is divided into a
former half V2 frame period (Y2F) and a latter half V2 frame
period and odd rows are subjected to interlace scan with the
polarity of a data signal being plus in the former half 2F and
even rows are subjected to interlace scan with the polarity of
a data signal being minus in the latter half 14F. For simplicity,
it is assumed that there are 20 scanning signal lines.

[0319] According to the driving example, in a period that is
ahalfofthe polarity inversion cycle of a data signal, that is, in
aperiod during which a data signal polarity POL continues to
be the same, a dumniy insertion period is inserted not only at
a time right after inversion of the polarity but also at another
time. At the time when the dummy insertion period is
inserted, a gate-on pulse Pw is not applied.

[0320] Further, the polarity inversion cycle of'a CS signal is
set to be half the length of the polarity inversion cycle of the
data signal polarity POL to which cycle all the dummy inset-
tion periods are added, and the polarity continuation period of
the CS signal is kept constant regardless of the polarity.
[0321] As with the driving example in FIG. 22, since this
driving is configured such that a polarity continuation period
of one polarity is equal to a polarity continuation period of the
other polarity in a CS signal waveform, it is possible to keep
an effective potential of a sub-pixel substantially constant,
thereby preventing striped display unevenness.
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[0322] Thedriving exampleis designed such that in two CS
lines 52 corresponding to a gate line GLj to which a gate-on
pulse Pw is applied right after insertion of a dummy insertion
period, the phase of a CS signal to be applied to a CS line 52
that is the former of the two CS lines 52 in terms of a sub
scanning order is delayed by 2H (length of inserted dummy
insertion period)+1H with respect to the phase of a CS signal
to be applied to a CS line 52 that is prior to the former one of
the two CS lines 52 in terms of a sub scanning order. On the
other hand. in other CS lines 52, the phase of a CS signal to be
applied to n+2"¢ CS line 52 is delayed by 1H with respect to
the phase of a CS signal to be applied to n” CS line 52.
[0323] This driving allows writing data into individual sub-
pixels in all the CS lines 52 at a time when the same time has
elapsed from inversion of the polarity of a CS signal and the
waveform of the CS signal sufficiently achieves a steady state.
This allows preventing display unevenness due to rounding of
a CS signal waveform.

[0324] In the above driving example, the number of hori-
zontal periods (SH) actually written between the first dummy
insertion period and a second dummy insertion period next to
the first dummy insertion period is equal to the number of
horizontal periods (SH) actually written between the second
dummy insertion period and a first dummy insertion period
next to the second dummy insertion period.

[0325] Consequently, when the CS lines 52 are divided into
a block including upper 10 rows and a block including lower
11 lines, and CS signals in two rows in the upper 10 rows are
paired, and the order of CS signals in each pair is inverted in
the lower 10 rows, and a CS signal at lower 11% row is made
identical with a CS signal at upper 1% row, it is possible to
realize the above driving using 10 kinds of (phases of) CS
signals. In this regard, the driving example in FIG. 23 allows
reducing the kinds of CS signals and the number of CS main
lines 52M compared with the FIG. 22 configuration in which
12 kinds of (phases of) CS signals are used.

[0326] The following explains a driving example that
allows preventing shortage in charging of a pixel at a moment
of inversion of the polarity of a data signal in the driving
example in FIG. 22. FIG. 24 shows a timing chart of a data
signal waveform, a data signal, a latch strobe signal LS, a
gate-on pulse Pw, and a CS signal in driving by interlace scan
where the polarity of a data signal voltage is inverted with Vsc
as a reference and 2 horizontal periods (2H) right after inver-
sion of the polarity of a data signal are regarded as a dummy
insertion period and polarity continuation periods of CS sig-
nals are increased by 1H, respectively.

[0327] The driving example in FIG. 24 differs from the
driving example in FIG. 22 in that the pulse width ofa gate-on
pulse Pw to be firstly applied after inversion of the polarity of
a data signal is made longer than the pulse width of other
gate-on pulse Pw. As described above, right after inversion of
the polarity of a data signal, the waveform of the data signal is
rounded. In order to reduce shortage in charging ofa pixel due
to the rounding of the waveform of the data signal, a dummy
insertion period is inserted. Making the pulse width of the
gate-on pulse Pw longer allows further reducing the shortage
in charging of a pixel. That is, making the pulse width of the
gate-on pulse Pw longer makes the period of charging a pixel
longer, increasing a charge ratio of the pixel.

[0328] (Example of Block-Divided Interlace Scan Drive)
[0329] In Embodiment 1, the block-divided interlace scan
was explained as a method for preventing inconvenient comb-
ing that occurs when carrying out driving by normal interlace
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scan. The following explains a driving example in which the
block-divided interlace scan is applied to the present embodi-
ment.

[0330] FIG. 25 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, a gate-on pulse
Pw, and a CS signal in driving by block-divided interlace scan
where the number a of scanning signal lines in one block is 20
and where 1 horizontal period (1H) right afier inversion of the
polarity is regarded as a dummy insertion period (indicated by
circle). In the drawing, the lateral direction indicates time
lapse and the longitudinal direction indicates individual rows
of gate lines (writing rows) GL1-GLm to which gate-on
pulses are applied and individual rows of CS lines 52.
[0331] In this driving example, a first block including 1*-
207 gate lines is written in such a manner that odd rows are
written firstly and even rows are written secondly, and a
second block including 21°7-40” gate lines is written in such
a manner that even rows are written firstly and odd rows are
written secondly. Therefore, from the 1%-40” gate lines,
inversion of the polarity is made when switching from odd
rows to even rows in the first block and when switching from
even rows to odd rows in the second block. To be specific,
even rows corresponding to 20H in the 1¥-40” gate lines are
scanned while a data signal maintains the same polarity (here,
- polarity). 20 odd rows from the 21* gate line are scanned
while a data signal maintains the same polarity (here, + polar-
ity). Therefore, except for the first scan, scan is performed
with the polarity of a data signal inverted with respect to scan
of every 20 rows.

[0332] In this example, it takes substantially 1 horizontal
period right after inversion of the polarity for an actual data
signal waveform to reach a predetermined voltage. Conse-
quently, there is a case where display unevenness is caused by
rounding of the data signal when inverting the polarity.
[0333] Therefore, as described above, by setting the length
ofa dummy insertion period in such a manner that the dummy
insertion period includes the time for a data signal to reach a
predetermined voltage after inverting its polarity, a data sig-
nal with the predetermined voltage is written in individual
pixels in a horizontal period next to the dummy insertion
period. Providing the dummy insertion period in this manner
allows increasing a reaching ratio of an actual voltage to an
application voltage in the source lines SL1-SLn when writing
pixel data after inversion of the polarity. This allows prevent-
ing display unevenness with respect to approximately every
20 rows that is caused by rounding of the data signal wave-
form at the time of inverting the polarity.

[0334] Further, compared with the above progressive scan,
in this driving, the polarity of a voltage applied to a pixel
appears to be inverted with respect to each row, which reduces
flickers and reduces display unevenness caused by coupling
capacitance of pixels adjacent in a longitudinal direction. In
addition, since the block-divided interlace scan is employed,
it is possible to prevent the combing.

[0335] When a period from the time of applying a gate-on
pulse on an odd gate line that is one of two adjacent gate lines
and that firstly receives application of a gate-on pulse to the
time of applying a gate-on pulse on an even line that is the
other of the two adjacent gate lines and that secondly receives
application of a gate-on pulse is regarded as an adjacent line
writing time difference period, inversion of the polarity is
performed even times (2k (k is an integer of 1 or more))
during at least the adjacent line writing time difference
period. In other words. if a polarity inversion cycle of a CS
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signal is the sum of a first polarity continuation period and a
second polarity continuation period, setting that (polarity
inversion cycle of CS signal)=(adjacent line writing time
difference period)k (k is an integer of 1 or more) enables a
bright-dark state to be completely inverted between sub-pix-
els adjacent to each other in a column direction. Further, each
of individual CS signals has the same polarity inversion tim-
ing between successive frames at least during the adjacent
line writing time difference period. This makes the state of
brightness-darkness of a sub-pixel constant, preventing dete-
rioration in display quality. Further, since the order of bright-
ness and darkness of individual sub-pixels between an odd
line and an even line is inverted with respect to each line, it is
possible to prevent the occurrence of jaggyness of an image.
[0336] Inthe example in F1G. 25, k=1 and a polarity inver-
sion cycle of a CS signal is 11H which is the same as that of
an adjacent line writing time difference period. In this case, if
each of polarity continuation periods is simply assumed to be
Y5 of the polarity inversion cycle, each polarity continuation
period is 5.5H (this case will be explained later with reference
to F1G. 28). However, the polarity continuation periods are set
so that one polarity continuation period is SH and the other
polarity continuation periodis 6H. This is because setting the
length of the polarity continuation period by 1H as a umt
makes it easier to generate a waveform. In a case where k=1,
the polarity inversion cycle of a CS signal gets longest, and
therefore applying a gate-on pulse Pw after inversion of the
polarity of a CS signal and right before the next inversion
allows writing of data to individual sub-pixels at the time
when a waveform of a CS signal sufficiently achieves a steady
state.

[0337] Further, during a period when the same polarity of a
data signal waveform continues, the phase of'a CS signal to be
applied to the n+2"? CS line 52 is delayed by 1H or 2H with
respect to the phase of a CS signal to be applied to the n” CS
line 52. This allows writing of data into individual sub-pixels
at the time after 4H or more has elapsed from the time of
inversion of the polarity of a CS signal in all the CS lines 52
and at the time when the waveform of the CS signal suffi-
ciently achieves a steady state. Therefore, it is possible to
prevent display unevenness due to rounding of the waveform
of the CS signal.

[0338] TheCS lines 52 are divided into blocks each includ-
ing 10 rows, CS signals in two rows in a block are paired, and
the order of CS signals in each pair is inverted in 10 rows ina
block posterior by one to the block in the sub-scanning order.
Thus, the above driving is realized with use of 10 kinds
(phases) of CS signals.

[0339] Data signals have been permutated beforehand by a
data signal permutation circuit included in the display control
circuit 200 in such a manner as to correspond to the block-
divided interlace scan as shown in the drawing. The data
signals thus permutated are subjected to a necessary process
such as a timing process, and then supplied as digital image
signals DA to the source driver 300. The data signal permu-
tation circuit receives digital video signals Dv that are digital
RGB signals supplied chronologically from an external sig-
nal source to the display control circuit 200, causes the digital
video signals Dv to be temporarily stored in a memory, and
then reads out a signal corresponding to a scanning signal line
driven currently, and thus permutates the data signals. This
holds for other driving examples below.

[0340] In the above driving example, the length of a polar-
ity continuation period of one polarity of a CS signal wave-
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form is different from the length of a polarity continuation
period of the other polarity of the CS signal waveform. For
example, ata CSline 52 servingas CS_A, in aperiod in which
the polarity of a data signal waveform is minus, H level period
of the CS signal waveform is SH+5H=10H, whereas L level
period of the CS signal waveform is SH+6H=11H. Such
difference is seen in individual CS lines 52, causing a differ-
ence in actual potential between sub-pixels due to a difference
in the length of a polarity continuation period of a CS signal
waveform. This may cause striped display unevenness.

[0341] FIG. 26 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, a gate-on pulse
Pw, and a CS signal in driving by block-divided interlace scan
where the number a of scanning lines in one block is 20 and
where 1 horizontal period (1H) right after inversion of the
polarity of a data signal is regarded as a first dummy insertion
period, 1 horizontal period (1H) which is prior to the moment
of inversion of the polarity of a data signal by 5 horizontal
periods (SH) is regarded as a second dummy insertion period,
and CS signals during periods to which the first and second
insertion periods are inserted are made to include insertion of
CS signal dummy periods corresponding to 1H, respectively.

[0342] The following explains differences between the
driving example in FIG. 26 and the driving example in FIG.
25. The driving example in FIG. 26 is designed such that, in a
period that is a half of a polarity inversion cycle of a data
signal, that is, in a period during which one polarity ofa data
signal waveform continues, a dummy insertion period is
inserted not only right after inversion of the polarity but also
at another timing. At such another timing when the dummy
insertion period is inserted, a gate-on pulse Pw is not applied.

[0343] Further, to a polarity continuation period of a CS
signal at timing when the dummy insertion period is inserted
is added a period to which the dummy insertion period is
inserted, i.e. 1H. That is, a polarity continuation period of the
CS signal at timing when the dummy insertion period is
inserted is set to 6H and a polarity continuation period of
other CS signal is set to 5H.

[0344] With the driving, the length of a polarity continua-
tion period of one polarity of a CS signal waveform is equal to
the length of a polarity continuation period of the other polar-
ity of the CS signal waveform. For example, at a CS line 52
serving as CS_A, in a period in which the polarity of a data
signal waveform is minus, H level period of the CS signal
waveform is SH+6H=11H, and L level period of the CS signal
waveform is SH+6H=11H. This allows making an effective
potential substantially equal between sub-pixels, preventing
striped display unevenness.

[0345] Thedriving example is designed such that in two CS
lines 52 corresponding to a gate line GLj to which a gate-on
pulse Pw is applied right after insertion of a dummy insertion
period, the phase of a CS signal to be applied to a CS line 52
that is the former of the two CS lines 52 in terms of a sub
scanning order is delayed by 1H (length of inserted dummy
insertion period)+1H with respect to the phase of a CS signal
to be applied to a CS line 52 that is prior to the former one of
the two CS lines 52 in terms of a sub scanning order. On the
other hand, in other CS lines 52, the phase of a CS signal to be
applied to n+2"? CS line 52 is delayed by 1H with respect to
the phase of a CS signal to be applied to n” CS line 52.

[0346] This driving allows writing data into individual sub-
pixels in all the CS lines 52 at a time when 4H or more has
elapsed from inversion of the polarity of a CS signal and the
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waveform of the CS signal sufficiently achieves a steady state.
This allows preventing display unevenness due to rounding of
a CS signal waveform.

[0347] In the above driving example, the number of hori-
zontal periods (5H) actually written between the first dummy
insertion period and a second dummy insertion period next to
the first dummy insertion period is equal to the number of
horizontal periods (SH) actually written between the second
dummy insertion period and a first dummy insertion period
next to the second dummy insertion period.

[0348] Thus, the CS lines 52 are divided into blocks each
including 10 rows, CS signals in two rows in a block are
paired, and the order of CS signals in each pair is inverted in
10 rows in a block posterior by one to the block in the sub-
scanning order. Thus, the above driving is realized with use of
10 kinds (phases) of CS signals.

[0349] In the above example, the first dummy insertion
period and the second dummy insertion period are set to 1H.
Alternatively, they may be set to 2H or more. FIG. 30 is a
driving example in which the first dummy insertion period
and the second dummy insertion period are set to 2H. In this
example, to a polarity continuation period of a CS signal at
timing when a dummy insertion period is inserted is added a
period for inserting the dummy insertion period, i.e. 2H. That
is, a polarity continuation period of a CS signal at timing
when the dummy insertion period is inserted is set to 7H and
a polarity continuation period of other CS signal is set to SH.
[0350] In the example in FIG. 30, it takes substantially 2
horizontal periods right after inversion of the polarity for an
actual data signal waveform to reach a predetermined voltage.
As described above, the degree of rounding of a voltage
waveform of a data signal differs depending on the specifica-
tion of a liquid crystal display device. This is because the
degrees of loads on the source lines SL1-SLn are different
depending on, for example, the screen size and the number of
pixels of the liquid crystal display device.

[0351] Therefore, as described above, by setting the length
of the dummy insertion period to include the time for a data
signal to reach a predetermined voltage after inversion of the
polarity, a data signal with the predetermined voltage is writ-
ten into individual pixels in a horizontal period next to the
dummy insertion period.

[0352] FIG. 27 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, a gate-on pulse
Pw, and a CS signal in driving by block-divided interlace scan
where the number a of scanning lines in one block is 20 and
where 1 horizontal period (1H) right after inversion of the
polarity of a data signal is regarded as a dummy insertion
period and a polarity continuation period of a CS signal is set
as follows.

[0353] In this driving example, each block is configured
such that only in a period (adjacent line writing time differ-
ence period) from the time of applying a gate-on pulse Pw on
an odd or even line that is one of two adjacent gate lines and
that firstly receives application of the gate-on pulse Pw to the
time of applying a gate-on pulse Pw on an even or odd line
that is the other of the two adjacent gate lines and that sec-
ondly receives application of the gate-on pulse Pw, a CS
signal dummy period corresponding to a dummy insertion
period (1H) of a data signal is inserted into at least one of
polarity continuation periods for a CS signal. In this case,
each of CS signals has the same polarity inversion timing
between successive frames at least in the adjacent line writing
time difference period.



US 2013/0235025 A1

[0354] 1In this case, other than in the adjacent line writing
time difference period, a CS signal may be a periodic signal
that has a certain polarity continuation period and may be a
signal with a certain value whose potential is the same as that
of a common electrode. It should be noted that application of
a gate-on pulse Pw and a CS signal is required to be controlled
so that the gate-on pulse Pw is applied other than in a period
during which a dummy insertion period is inserted into a data
signal and the gate-on pulse Pw is applied at the latter part of
the polarity continuation period of a CS signal. Further, since
all CS signals are independent, the number of kinds of CS
signals and the number of CS main lines 52M are required to
be identical with the number of CS lines 52. Signals may be
independently supplied to individual CS lines 52 without
using the CS main lines 52M.

[0355] With the above example, the number of a polarity
continvation period to which a dummy insertion period is
inserted in a CS signal is one per one frame, and therefore a
difference in a ratio of a polarity continuation period of one
polarity to a polarity continuation period of the other polarity
is slight. This allows keeping an effective potential of a sub-
pixel substantially constant, thereby preventing striped dis-
play unevenness.

[0356] In the above driving example, a CS signal dummy
period corresponding to a dummy insertion period (1H) is
inserted into at least one of polarity continuation periods for
aCS signal in the adjacent line writing time difference period.
Alternatively, dummy insertion periods may be evenly
assigned to all of polarity continuation periods of CS signals
in the adjacent line writing time difference period and indi-
vidually inserted in the polarity continuation periods (each
polarity continuation period is 0.5H).

[0357] FIG. 28 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, a gate-on pulse
Pw, and a CS signal in driving by block-divided interlace scan
where the number a of scanning lines in one block is 20 and
where 1 horizontal period (1H) right after inversion of the
polarity of a data signal is regarded as a dummy insertion
period and, as described above, each of two polarity continu-
ation periods of CS signals included in an adjacent line writ-
ing time difference period (11H) is 5.5H.

[0358] In this driving example, each polarity continuation
period of a CS signalis 5.5H. This allows keeping an effective
potential of a sub-pixel almost evenly, preventing striped
display unevenness.

[0359] Further, the phase of a CS signal to be applied on an
n+2"“C$ line 52 is delayed by 1H with respect to the phase of
aC$ signalto be applied on an n” CS line 52 and each polarity
continuation period is 5.5H. Consequently, CS signals show
the same waveform with respect to every 22 lines. Accord-
ingly, it is possible to supply CS signals to individual CS lines
52 via 22 CS main lines 52M.

[0360] Intheabove example, the dummy insertion period is
1H. Alternatively, the dummy insertion period may be 2H or
more. FIG. 31 shows a driving example in which the dummy
insertion period is 2H. In this case, each of two polarity
continuation periods of CS signals included in an adjacent
line writing time difference period (12H) is 6H. Since the unit
of a polarity continuation period of a CS signal is 1H, the
example in FIG. 31 allows reducing the number of the CS
main lines 52M by half and simplifying a circuit for generat-
ing a CS signal waveform, compared with the embodiment in
FIG. 28.
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[0361] In the example in FIG. 31, it takes substantially 2
horizontal periods right after inversion of the polarity for a
data signal waveform to reach a predetermined voltage. As
described above, the degree of rounding of a voltage wave-
form of'the data signal differs according to the specification of
a liquid crystal display device. This is because the degree of
loads to the source lines SL.1-SLn differs according to, for
example, the screen size and the number of pixels of the liquid
crystal display device.

[0362] Therefore, by setting the length of the dummy inser-
tion period in such a manner that the dummy insertion period
includes a time for a data signal to reach a predetermined
voltage after inversion of the polarity, it is possible to write the
data signal with the predetermined voltage in individual pix-
els during a horizontal period next to the dummy insertion
period.

[0363] Further, the phase of a CS signal to be applied on an
n+2"%C8 line 52 is delayed by 1 H with respect to the phase of
a CS signal to be applied on an n” CS line 52, and each
polarity continuation period is 6H. In this case, CS signals
show the same waveform with respect to every 24 lines.
However, use of CS signals whose phases are opposite to each
other allows realizing the above example by using 12 kinds
(phases) of CS signals. That is, it is possible to supply CS
signals to individual CS lines 52 by using 12 CS main lines
52M. It should be noted that signals may be supplied to
individual CS lines 52 independently without using the CS
main lines 52.

[0364] Here, in this driving example, when a polarity con-
tinuation period of a CS signal is regarded as ¢ (=6H) and a
dummy period of a CS signal is regarded as b (=1H), a basic
polarity inversion cycle n2 of a data signal is calculated as
n2=(c-b)xdk (k is a natural number)=(6-1)x4x1=20(H).
Further, a dummy insertion period m is calculated as m=2bx
k=2x1x1=2(H). Further, the number of phases of a CS signal
1s calculated as 2xc=2x6=12 (phases). On the other hand, the
polarity continuation period ¢ of a CS signal is calculated as
c=n2/4k+b. Further, the number of inversion of the polarity of
a CS signal in an adjacent line writing time difference period
is 2k.

[0365] FIG. 32 shows a driving example obtained by
arranging the driving example in FIG. 28 so that a dummy
insertion period is 4H. In this example, when a polarity con-
tinuation period of a CS signal is regarded as ¢ (=6H) and a
dummy period of a CS signal is regarded as b (=1H), a basic
polarity inversion cycle n2 of a data signal is calculated as
n2=(c-b)xdk (k is a natural number)=(6-1)x4x2=40(H).
Further, a dummy insertion period m is calculated as m=2bx
k=2x1x2=4(H). Further, the number of phases of a CS signal
is calculated as 2xc=2x6=12 (phases). On the other hand, the
polarity continuation period ¢ of a CS signal is calculated as
c=n2/4k+b. Further, the number of inversion of the polarity of
a CS signal in an adjacent line writing time difference period
is 2k.

[0366] The following explains a driving example designed
for preventing shortage in charging of a pixel when inverting
the polarity of a data signal in the driving example in FIG. 28.
FIG. 29 shows a timing chart of a data signal waveform, a data
signal, a latch strobe signal LS, a gate-on pulse Pw, and a CS
signal in driving by block-divided interlace scan where the
number o of scanning lines in one block is 20 and where 1
horizontal period (1H) right after inversion of the polarity of
a data signal is regarded as a dummy insertion period and
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where each of polarity continuation periods of CS signals in
an adjacent line writing time difference period (11H)is 5.5H.
[0367] Thedriving examplein FIG. 29 is different from the
driving example in FIG. 28 in that the pulse width of a gate-on
pulse Pw to be firstly applied after inversion of the polarity of
a data signal is longer than the pulse width of other gate-on
pulse Pw. As described above, right after inversion of the
polarity of a data signal, a data signal waveform is rounded. In
order to reduce shortage in charging of a pixel due to the
rounding of a data signal waveform, a dummy insertion
period is inserted. Making the pulse width of the gate-on
pulse Pw longer allows further reducing the shortage in
charging of a pixel. That is, making the pulse width of the
gate-on pulse Pw longer leads to a longer charging period,
allowing a charging ratio of a pixel to be increased.

[0368] (How to Set Horizontal Scanning Period)

[0369] The following explains how to set a horizontal scan-
ning period. In the example, the horizontal period as
explained above is referred to as a horizontal scanning period.
The horizontal scanning period corresponds to the sum of a
horizontal display period and a horizontal blanking period.
[0370] First, an explanation is made as to a configuration
where the polarity of a signal potential to be applied on one
source line is inverted with respect to a plurality of data (a
plurality of pixels), and one or more dummy scanning periods
(corresponding to the dummy insertion period as explained
above) are inserted right after inversion of the polarity. This
configuration realizes block inversion driving (nh/1v inver-
sion driving) in which the polarity of a signal potential is
inverted at a border where blocks of pixels are adjacent to
each other in a column direction (it should be noted that the
polarity of a signal potential is inverted at a border where
pixels are adjacent to each other in a row direction).

[0371] FIG. 53 shows a data sequence to be output, a wave-
form of a signal potential corresponding to individual data,
and a timing chart of a latch strobe signal LS and a gate-on
pulse (pixel data writing pulse) Pw in a case where 10 video
data are regarded as one set in the order of input, one dummy
data is inserted at the top of each set, and the polarity of a
signal potential is inverted with respect to each set (inversion
cycle is equal to 1 dummy scanning period+10 horizontal
scanning periods). In FIG. 53, the lateral direction indicates
time lapse and the longitudinal direction indicates individual
rows of gate lines (writing rows) GL1-GLm to which gate-on
pulses are applied. FIG. 53 is different from FIG. 2 in that a
LS signal pulse is generated also during a dummy scanning
period. The configuration in FIG. 53 is advantageous in that
the configuration in FIG. 53 allows freely setting data in the
dummy scanning period. For simplicity, in the present
example, data to be input in the dummy scanning period is
identical with data in a horizontal scanning period right after
the dummy scanning period.

[0372] In this case, when video data corresponding to N*
gate line is referred to as N, video data to be inputted is lined
as1,2,3,4,5/6,7,8,9,10and 11,12, 13, 14, 15,16, 17, 18,
19, 20, and 21, 22, . . . . A circuit such as a dummy data
insertion circuit in the display control circuit 200 brings these
video data together into asetof 1,2,3, ..., 8,9, 10, a set of
11,12,13,...18,19,20,and a set of 21, 22, . .., and inserts
dummy data at the front of each set. Consequently, as shown
in FIG. 53, when video data corresponding to N gate line is
referred to as <N>and dummy data is referred to as <D>, data
to be output (video data, dummy data) is lined as <D>, <1>,
<>, B>, <>, <5, <G>, <>, <§>, <9>, <10>, and <D>,
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<11>, <12>, <13>, <14>, <15>, <16>, <17>, <18>, <19>,
<20>, and <D>, <21>,<22>, .. .. Signal potentials with plus
polarity corresponding to individual data (video data, dummy
data) <D>, <I>, <2>, ... <10> are output to one source line
in this order, and then signal potentials with minus polarity
corresponding to individual data (video data, dummy data)
<D>,<11>,<12>,...<20>areoutput to the source line in this
order, and then signal potentials with plus polarity corre-
sponding to individual data (video data, dummy data) <D>,
<21>,<22>, ... are output to the source line in this order.
[0373] Desired data may be freely set as dummy data <D>.
Forexample, the dummy data <D>may be equal to video data
at a point right after insertion of the dummy data <D>, or data
corresponding to a higher voltage than that of video data right
after insertion of the dummy data <D> may be separately set
as the dummy data <D> in order to increase a charging effect
of a source line.

[0374] The waveform of a signal potential is rounded right
after inversion of the polarity of the signal potential. In the
present configuration, a dummy scanning period is provided
here to supply a predetermined signal potential (signal poten-
tial corresponding to dummy data), allowing charging of a
source line in this period. Consequently, it is possible to write
a desired signal potential (potential corresponding to video
data) in a pixel during a horizontal scanning period following
the dummy scanning period. This allows preventing display
unevenness with respect to every 10 rows due to the rounding
of the signal potential waveform right after inversion of the
polarity.

[0375] Inthe present liquid crystal display device, in order
thata vertical display period of 1 frame does not change when
dummy data is inserted one by one into individual sets each
including 10 video data and a dummy scanning period is
assigned to each dummy data as described above (i.e. in order
that a vertical blanking period VblankX set to an input data
sequence is equal to a vertical blanking period VblankY in
actual output), 1 horizontal scanning period HtotalY in actual
output is set to be shorter than horizontal scanning period
HtotalX set to an input data sequence.

[0376] FIG. 33 shows arelationship between input ofa data
sequence and output of signal potentials corresponding to
individual data of the data sequence in a case where the liquid
crystal display device is designed such that 10 video data
(video data corresponding to 1 source line) are gathered into
one set and dummy data is inserted into the top of each set,
signal potentials corresponding to individual data (video data,
dummy data) are output in the order of alignment of the
individual data in accordance with sequential scanning of
scanning signal lines, 1 horizontal period is assigned to out-
puts of signal potentials corresponding to individual video
data and a dummy scanning period is assigned to an output of
a signal potential corresponding to dummy data, and the
polarity of a signal potential is inverted with respect to each
set (inversion cycle is 1 dummy scanning period+10 horizon-
tal scanning periods). A data sequence to be input is set based
on a full HD standard specification, i.e., dot clock=148.5
MHz, 1 frame period VtotalX=vertical display period VdispX
(1080 lines)+vertical blanking period VblankX (45 lines), a
horizontal scanning period HtotalX (input interval of data)
=2200 dots, a horizontal scanning period HtotalX=a horizon-
tal scanning period HdispX (1920 dots)+a horizontal blank-
ing period HblankX (280 dots).

[0377] As shown in FIG. 33, the present liquid crystal dis-
play device is designed such that 1 horizontal scanning period
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HtotalX set to an input data sequence is 2200 dots, whereas 1
horizontal scanning period HtotalY in an actual output is
2000 dots and a dummy scanning period DtotalY is 2000
dots. Consequently, whole horizontal scanning periods set to
data sequences of individual sets each consisting of 10 lines
(10 data corresponding to individual lines) are 2200 dotsx
10=22000 dots, and a period obtained by adding a dummy
scanning period to whole horizontal scanning periods in
actual outputs of individual sets is 2000 dotsx10+2000 dotsx
1=22000 dots, and both periods are equal to each other.
[0378] To be specific, as shown in FIG. 34, a horizontal
scanning period HtotalX set to an input data sequence, which
is equal to the sum of a horizontal display period HdispX
(1920 dots) set to an input data sequence and a horizontal
blanking period HblankX(280 dots) set to an input data
sequence, is 2200 dots, whereas a horizontal scanning period
HtotalY in actual output is 2000 dot which is smaller than the
HtotalX, and the horizontal scanning period Htotal Y consists
of a horizontal display period HdispY in actual output (1920
dots) and a horizontal blanking period HblankY in actual
output (80 dots). Further, a dummy scanning period DtotalY
1s set to 2000 dots which is smaller than Htotal X, and Dtotal Y
consists of a dummy display period DdispY 1920 dots and a
dummy blanking period DblankY 80 dots.

[0379] Output of a signal potential to a source line contin-
ues during the horizontal scanning period (HtotalY) includ-
ing the horizontal blanking period (HblankY), and data is
written to a pixel during a period in which a transistor of a
pixel is made ON in accordance with the horizontal scanning
period (during a period in which a gate-on pulse is supplied to
a corresponding gate line). Further, output of a signal poten-
tial to a source line continues during the dummy scanning
period (DtotalY) including the dummy blanking period
(DblankY). In FIG. 53, data is not written into a pixel during
the dummy scanning period. Alternatively, data may be writ-
ten into a pixel during the dummy scanning period.

[0380] In FIG. 53, a signal potential corresponding to one
data (video data, dummy data) is latched in accordance with
fall of a latch strobe signal, and a signal potential correspond-
ing to next data (video data, dummy data) is latched in accor-
dance with next fall of the latch strobe signal. This holds for
the dummy scanning period. The width of the gate-on pulse
Pw is set to, for example, less than 1 horizontal scanning
period HtotalY.

[0381] This configuration allows the horizontal display
period HdispX set to an input data sequence and the horizon-
tal display period HdispY in actual output to be equal to each
other. Consequently, it is possible to insert one dummy scan-
ning period with respect to every 10 horizontal scanning
periods while keeping a dot clock as it is, without increasing
the vertical display period of a liquid crystal display device
and without reducing the vertical blanking period of the liquid
crystal display device (i.e. while keeping VdispX=VdispY,
VblankX=VblankY).

[0382] Further, this configuration is advantageous in that
since the dummy scanning period DtotalY is equal to the
horizontal scanning period HtotalY (2000 dot), it is easy to
perform signal processing or to design a configuration for
signal processing.

[0383] A combination of the number of whole horizontal
periods (number of video data) in one set, the number of
whole dummy scanning periods (number of dummy data) in
oneset, | horizontal scanning period HtotalY, and the dummy
scanning period DtotalY is set by the display control circuit
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200 (liquid crystal panel driving device), and the display
control circuit 200 generates the above various signals (POL,
LS, SSP, SCK, GCK, GSP, and GOE) etc. The display control
circuit 200 also carries out insertion of dummy data into input
video data.

[0384] In the above configuration, dummy data is inserted
into sequentially input video data. Alternatively, one dummy
scanning period may be provided by reducing a latch pulse by
one without inserting dummy data (while keeping input of a
data sequence). However, this alternative configuration is
problematic in that the same data is output both during the
dummy scanning period and during 1 horizontal scanning
period following the dummy scanning period.

[0385] FIG. 35 shows a relationship between an input data
sequence and output of signal potentials corresponding to
individual data of the data sequence in a case where 20 video
data (video data corresponding to 1 source line) are gathered
into one set and 1 dummy data is inserted into the top of each
set, signal potentials corresponding to individual data (video
data, dummy data) are output in the order of alignment of the
individual data in accordance with sequential scanning of
scanning signal lines, 1 horizontal period is assigned to out-
puts of signal potentials corresponding to individual video
data and a dummy scanning period is assigned to an output of
a signal potential corresponding to dummy data, and the
polarity of a signal potential is inverted with respect to each
set (inversion cycle is 1 dummy scanning period+20 horizon-
tal scanning periods).

[0386] As shown in FIG. 35, the present liquid crystal dis-
play device is designed such that dummy data is inserted one
by one into individual sets each including 20 video data, a
dummy scanning period is assigned to individual dummy
data, a vertical display period VdispX (1080 lines) set to an
input data sequence is made equal to a vertical display period
VdispY in actual output, and therefore a vertical blanking
period VblankX (45 lines) set to the input data sequence is
made equal to a vertical blanking period VblankY in actual
output. In order to realize this, in relation to 1 horizontal
scanning period HtotalX (2200 dots) set to an input data
sequence, 1 horizontal scanning period HtotalY in actual
output is set to 2096 dots and a dummy scanning period
DtotalY is set to 2080 dots. Consequently, whole horizontal
scanning periods set to each set with respect to every 20 input
video data (every 20 gate lines) are 2200 dotsx20=44000
dots, and a period obtained by adding a dummy scanning
period to whole horizontal scanning periods in actual output
in each set is 2096 dotsx20+2080 dotsx1=44000 dots, which
are the same as the whole horizontal scanning periods set to
each set.

[0387] To be specific, as shown in FIG. 36, a horizontal
scanning period HtotalX set to an input data sequence, which
is the sum of a horizontal display period HdispX (1920 dot) set
to an input data sequence and a horizontal blanking period
HblankX (280 dot) set to an input data sequence, is 2200 dots,
whereas a horizontal scanning period HtotalY in actual out-
put is 2096 dot which is smaller than the HtotalX, and the
horizontal scanning period HtotalY consists of a horizontal
display period HdispY in actual output (1920 dots) and a
horizontal blanking period HblankY in actual output (176
dots). Further, a dummy scanning period DtotalY is set to
2080 dot which is smaller than HtotalX, and consists of a
dummy display period DdispY (1920 dots) and a dummy
blanking period DblankY (160 dots).
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[0388] Output of a signal potential to a source line contin-
ues during the horizontal scanning period (HtotalY) includ-
ing the horizontal blanking period (HblankY), and data is
written to a pixel during a period in which a transistor of the
pixel is made ON in accordance with the horizontal scanning
period (during a period in which a gate-on pulse is supplied to
a corresponding gate line). Further, output of a signal poten-
tial to a source line continues during the dummy scanning
period (DtotalY) including the dummy blanking period
(DblankY). In FIG. 13, data is not written into a pixel during
the dummy scanning period. Alternatively, data may be writ-
ten into a pixel during the dummy scanning period.

[0389] This configuration allows causing the horizontal
display period HdispX set to an input data sequence to be
equal to the horizontal display period HdispY in actual out-
put. Consequently, itis possible to provide a dummy scanning
period with respect to every 20 horizontal scanning periods
while maintaining a dot clock as it is, without increasing a
vertical display period of a liquid crystal display device, and
without reducing a vertical blanking period of the liquid
crystal display device (while maintaining VdispX=VdispY,
VblankX=VblankY).

[0390] Further, the dummy scanning period DtotalY of
2080 dots and the horizontal scanning period HtotalY 0f2096
dots ensure a longer horizontal scanning period, which is
advantageous for charging a pixel.

[0391] In acase where dummy data is inserted one by one
into each set including 20 video data and a dummy scanning
period is assigned to each dummy data, as shown in FIG. 37,
in relation to 1 horizontal scanning period HtotalX (2200
dots) set to an input data sequence, 1 horizontal scanning
period HtotalY in actual output may be setto 2094 dots and a
dummy scanning period DtotalY may be set to 2120 dots.
Consequently, whole horizontal scanning periods set to each
set with respect to every 20 input video data (20 gate lines) are
2200 dotsx20=44000 dots, and a period obtained by adding a
dummy scanning period to whole horizontal scanning periods
in actual output in each set is 2094 dotsx20+2120 dotsx
1=44000 dots, which is identical with the whole horizontal
scanning periods set to each set. To be specific, as shown in
FIG. 37, a horizontal scanning period HtotalX set to an input
data sequence, which is the sum of a horizontal display period
HdispX (1920 dot) set to an input data sequence and a hori-
zontal blanking period HblankX (280 dot) set to an input data
sequence, is 2200 dots, whereas a horizontal scanning period
HtotalY in actual output is 2094 dot which is smaller than the
HtotalX, and the horizontal scanning period HtotalY consists
of a horizontal display period HdispY in actual output (1920
dots) and a horizontal blanking period HblankY in actual
output (174 dots). Further, a dummy scanning period DtotalY
1s set to 2120 dots which is smaller than HtotalX, and consists
of a dummy display period DdispY (1920 dots) and a dummy
blanking period DblankY (200 dots).

[0392] This configuration allows causing the horizontal
display period HdispX set to an input data sequence to be
equal to the horizontal display period HdispY in actual out-
put. Consequently, itis possible to provide a dummy scanning
period with respect to every 20 horizontal scanning periods
while maintaining a dot clock as it is, without increasing a
vertical display period of a liquid crystal display device, and
without reducing a vertical blanking period of the liquid
crystal display device (while maintaining VdispX=VdispY,
VblankX=VblankY).
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[0393] Further, in the configuration, the dummy scanning
period DtotalY of 2120 dots and the horizontal scanning
period HtotalY of 2094 dots ensure a longer dummy scanning
period, which is advantageous for charging a source line in a
case where a signal voltage waveform is greatly rounded after
inversion of the polarity.

[0394] In a case where input is designed such that Hto-
talX=2200 (HdispX1920+HblankX?280), inserting dummy
data one by one into each set including 20 video data and
assigning a dummy scanning period to each dummy data
require that HtotalY (=HdispY+HblankY) and DtotalY
(=DdispY+DblankY) have values of any combination in FIG.
38.

[0395] It should be noted that the difference between a
dummy scanning period and a horizontal scanning period is
preferably small since the smaller difference allows simpli-
fying adjustment of timing with other signal (e.g. facilitating
setting of a potential waveform of a retention capacitor line
when this configuration is applied to a later-mentioned pixel
dividing method). Therefore, a combination in the hatched
portion in FIG. 38, i.e. the combination of HtotalY being
2094(HdispY1920+HblankY174) and DtotalY being 2120
(DdispY1920+DblankY200) (described above), or the com-
bination of HtotalY being 2095(HdispY1920+HblankY175)
and DtotalY being 2100(DdispY1920+DblankY 180), or the
combination of HtotalY being 2096(HdispY 1920+
HblankY176) and DtotalY being 2080(DdispY 1920+
DblankY160) (described above) is preferable.

[0396] The following explains a configuration in which a
plurality of video data (video data corresponding to one
source line) are gathered into a set in the order of input, one
dummy data is inserted at least at the top of each set, and in
accordance with interlace scan of scanning signal lines (inter-
lace scan of skipping every second gate line), in the order of
alignment of data (video data, dummy data), signal potentials
corresponding to the data are output, and 1 horizontal period
is assigned to outputs of signal potentials corresponding to
individual video data and a dummy scanning period is
assigned to outputs of signal potentials corresponding to indi-
vidual dummy data, and the polarity of a signal potential is
inverted with respect to each set. The configuration allows dot
inverse driving (1h/1v inverse driving) in which the polarity
of a signal potential is inverted at a border where blocks of
pixels are adjacent to each other in a column direction (the
polarity of a signal potential is inverted at a border where
pixels are adjacent to each other in a row direction). In the
configuration, the display control circuit 200 includes a data
permutation circuit in which input data are permutated and
dummy data is inserted (this will be explained later).

[0397] FIG. 54 shows waveforms of signal potentials cor-
responding to output data sequences and individual data
(video data, dummy data) and a timing chart of a latch strobe
signal LS and a gate-on pulse (pixel data writing pulse) Pw in
a case where 10 video data (video data corresponding to one
source line) are gathered into a set, one dummy data is
inserted at the top of each set, and inaccordance with interlace
scan of scanning signal lines, in the order of alignment of data
(video data, dummy data), signal potentials corresponding to
the data are output, and 1 horizontal period is assigned to
outputs of signal potentials corresponding to individual video
data and a dummy scanning period is assigned to outputs of
signal potentials corresponding to dummy data, and the polar-
ity of a signal potential is inverted with respect to each set
(inversion cycle is 1 dummy scanning period+10 horizontal
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scanning periods). In FIG. 54, the lateral direction indicates
time lapse and the longitudinal direction indicates individual
rows of gate lines (writing rows) GL1-GLm to which gate-on
pulses are applied. The configuration of FIG. 54 differs from
the configuration of FIG. 13 in that an LS signal pulse is
generated also during a dummy scanning period. The con-
figuration of FIG. 54 is advantageous in that the configuration
allows freely setting data of the dummy scanning period. For
simplicity, in the present example, data inputted during the
dummy scanning period is the same as data inputted during a
horizontal scanning period right after the dummy scanning
period.

[0398] In this case, when video data corresponding to N*
gate line is referred to as N, video data to be inputted is lined
as1,2,3,4,5,6,7,8,9,10,11,12,13, 14,15,16,17, 18,19,
20, 21, 22, 23, 24, . . . . A permutation circuit brings these
video data together into a set of 2, 4, 6, 8, 10, 12, 14, 16, 18,
20,asetof1,3,5,7,9,11,13,15,17,19, and a set of 22, 24,
..., and inserts dummy data at the top of each set. Conse-
quently, when video data corresponding to N™ gate line is
referred to as <N>and dummy data is referred to as <D>, data
to be output (video data, dummy data) is lined as <D>, <2>,
<4>, <>, <8>, <10>, <12>, <14>, <16>, <18>, <20>, and
<D, <>, B>, <5>, <T>, <>, <] 1>, <|3>, <15>, <17>,
<19>, and <D>,<22>,<24>, .. .. Signal potentials with plus
polarity corresponding to individual data <[>, <2>, <4>, . ..
<20> are output to one source line in this order, and then
signal potentials with minus polarity corresponding to indi-
vidual data<D>, <1>, <3>, . .. <19>are output to one source
line in this order, and then signal potentials with plus polarity
corresponding to individual data <D>, <22>, <24>, . . . are
output to one source line in this order.

[0399] Desired data may be freely set as dummy data <D>.
Forexample, the dummy data <D>may be equal to video data
at a point right after insertion of the dummy data <D>, or data
corresponding to a higher voltage than that of video data right
after insertion of the dummy data <D> may be separately set
as the dummy data <D> in order to increase a charging effect
of a source line.

[0400] The waveform of a signal potential is rounded right
after inversion of the polarity of the signal potential. In the
present configuration, a dummy scanning period is provided
here to supply a predetermined signal potential (signal poten-
tial corresponding to dummy data), allowing charging a
source line in this period. Consequently, it is possible to write
a desired signal potential (potential corresponding to video
data) in a pixel during a horizontal scanning period following
the dummy scanning period. Further, by making the polarities
of signal voltages applied to adjacent two source lines oppo-
site to each other, the polarities of individual pixels appears to
be inverted with respect to each dot, which is advantageous in
terms of flickers.

[0401] In the present liquid crystal display device, in order
that avertical display period of 1 frame does not change when
dummy data is inserted one by one into individual sets each
including 10 video data and a dummy scanning period is
assigned to each dummy data (i.e. in order that a vertical
blanking period VblankX set to an input data sequence is
equal to a vertical blanking period VblankY in actual output),
1 horizontal scanning period HtotalY in actual output is made
shorter than 1 horizontal scanning period HtotalX set to an
input data sequence.

[0402] To be specific, as shown in FIG. 39, a horizontal
scanning period HtotalX set to an input data sequence, which
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is the sum of a horizontal display period HdispX (1920 dots)
setto an input data sequence and a horizontal blanking period
HblankX(280 dots) set to an input data sequence, is 2200
dots, whereas a horizontal scanning period HtotalY in actual
output is 2000 dots which is smaller than the HtotalX, and the
horizontal scanning period HtotalY consists of a horizontal
display period HdispY in actual output (1920 dots) and a
horizontal blanking period HblankY in actual output (80
dots). Further, a dummy scanning period DtotalY is set to
2000 dots which is smaller than HtotalX, and consists of a
dummy display period DdispY (1920 dots) and a dummy
blanking period DblankY (80 dot).

[0403] FIG. 40 shows a relation between input of a data
sequence and signal potentials corresponding to individual
data of the data sequence in a case where 20 video data (video
data corresponding to one source line) are gathered into each
set, dummy data are inserted at the top and the middle of each
set, in accordance with interlace scan of scanning signal lines,
in the order of alignment of data (video data, dummy data),
signal potentials corresponding to the data are output, and 1
horizontal period is assigned to output of a signal potential
corresponding to individual video data and a dummy scan-
ning period is assigned to outputs of signal potentials corre-
sponding to dummy data, and the polarity of a signal potential
is inverted with respect to each set (inversion cycle is 2
dummy scanning periods+20 horizontal scanning periods). A
dummy scanning period other than a dummy scanning period
right after polarity inversion is set for the purpose of timing
adjustment etc. of signal processings.

[0404] In this case, too, as shown in FIG. 40, setting a
horizontal scanning period HtotalY to be 2000 dots smaller
than HtotalX and setting a dummy scanning period DtotalY
to be smaller than 2000 dots smaller than HtotalX allow
providing a dummy scanning period without changing a ver-
tical display period in one frame.

[0405] FIG. 55 shows waveforms of signal potentials cor-
responding to output data sequences and individual data
(video data, dummy data) and a timing chart of a latch strobe
signal LS, a gate-on pulse (pixel data writing pulse) Pw, and
a CS signal in a case where 10 video data (video data corre-
sponding to one source line) are gathered into a first set and
one dummy data is inserted at the top of the first set and 20
video data are gathered into a second set and thereafter and
one dummy data is inserted at the top of each of the second set
and thereafter, and in accordance with interlace scan of scan-
ning signallines, in the order of alignment of data (video data,
dummy data), signal potentials corresponding to the data are
output, and 1 horizontal period is assigned to outputs of signal
potentials corresponding to individual video data and a
dummy scanning period is assigned to outputs of signal
potentials corresponding to individual dummy data. In FIG.
55,CS_A-CS_B,CS_B-CS_C,CS_C-CS_D... correspond
to the retention capacitor lines Csi-Csj. The configuration of
FIG. 55 differs from the configuration of FIG. 28 in thata LS
signal pulse is generated also during a dummy scanning
period. The configuration of FIG. 55 is advantageous in that
the configuration allows freely setting data of the dummy
scanning period. For simplicity, in the present example, data
inputted during the dummy scanning period is the same as
data inputted during a horizontal scanning period right after
the dummy scanning period.

[0406] In this case, when video data corresponding to N
gate line is referred to as N, video data to be inputted (not
shown)is lined as 1,2,3,4,5,6,7,8,9,10,11,12, 13, 14,15,
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16,...43,44,45, 46,47, 48, 49. A permutation circuit brings
these video data together into a set of 1,3, 5,7,9, 11, 13,15,
17,19, asetof 2, 4,6, 8,10, 11,12, ..., 36,38, 40, a set of
21,23,25,...45,47,49, and a setof 42, 44, 46, 48, . . . and
inserts dummy data at the top of each set. Consequently, when
video data corresponding to N gate line is referred to as <N>
and dummy data is referred to as <D>, data to be output (video
data, dummy data) is lined as <D>, <1>, <3>, <5> <7> <0>
<11>, <13>, <15>, <17>, <19>, and <D>, <2>, <4>, <6>,

<8> <10>, <12>, . .. <B6>, <38>, <40> and <D>, <21>,
<23>, <25, DT>, .. . <d5>, <47>, <49>, and <D>, <42>,
<44>,....Signal potentials with plus polarity corresponding

to individual data <D>,<1>, <3>,<5>, .. .<17>and <19>are
output to one source line in this order, and then signal poten-
tials with minus polarity corresponding to individual data
<D>, <2>, <4>,<6>, . .. <36>, <38>, <40> are output to one
source line in this order, and then signal potentials with plus
polarity corresponding to individual data <D>, <21>, <23>,
<35>, ... <47>, <49> are output to one source line in this
order, and then signal potentials with minus polarity corre-
sponding to individual data <D>, <42>, <44>, . . . are output
to one source line in this order.

[0407] Desired data may be freely set as dummy data <D>.
Forexample, the dummy data <D>may be equal to video data
at a point right after insertion of the dummy data <D>, or data
corresponding to a higher voltage than that of video data right
after insertion of the dummy data <D> may be separately set
as the dummy data <I>> in order to increase a charging effect
of a source line.

[0408] In this case, in the first set, a horizontal scanning
period HtotalY in actual output is set to 2000 dots smaller
than HtotalX, a dummy scanning period DtotalY is set to
2000 dots smaller than HtotalX, and in the second set and
thereafter, a horizontal scanning period HtotalY in actual
output is set to be 2094 dots smaller than HtotalX and a
dummy scanning period DtotalY is set to 2120 dots smaller
than HtotalX. This allows providing a dummy scanning
period without changing a vertical display period in 1 frame.
[0409] The following explains how to permute data with
reference to FIGS. 56-58. In the following explanation, a
vertical scanning period Vtotal is 1125H, a vertical display
period Vdisp is 1080H, and a vertical blanking period is 45H.
[0410] FIG. 56 is a block diagram schematically showing a
permutation circuit. FIG. 57 is a drawing schematically
explaining how to permute data. FIG. 58 is an enlarged draw-
ing of a portion surrounded by a dotted line in FIG. 56. As
shown in FIG. 56, a permutation circuit 550 includes a per-
mutation control circuit 552, an odd line permutation memory
554A, and an even line permutation memory 554B. The pet-
mutation circuit 550 is provided in the display control circuit
200.

[0411] The permutation control circuit 552 receives video
data to be displayed, a vertical sync signal and a horizontal
sync signal that are synchronized with video data, and a
control signal for controlling display operation. The permu-
tation control circuit 552 separates the video data thus
received into video data for odd lines and video data for even
lines and writes individual video data into the odd line per-
mutation memory 554A and the even line permutation
memory 554B. After carrying out this operation for a certain
time, the permutation control circuit 552 sequentially reads
out data from the odd line permutation memory 554A, and
then reads out data from the even line permutation memory
554B.
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[0412] In this process, the permutation control circuit 552
counts the number of video data in accordance with the num-
ber of lines in each set, reads out video data from the odd line
permutation memory 554A and the even line permutation
memory 554B, and inserts dummy data <D> at a predeter-
mined position (e.g. at the top of each set). It should be noted
that 1 horizontal scanning period during which video data is
output and a dummy scanning period during which dummy
data is output are set to be shorter than 1 horizontal scanning
period set to input video data (input interval for each video
data). Writing and reading of video data are carried out
according to a predetermined order by using a look-up table
that is prepared beforehand. This allows downsizing the per-
mutation memories 554A and 554B without using a frame
memory for storing video data corresponding to one image,
and allows preventing temporal disparity between inputs and
outputs of video data.

[0413] Forexample, as shownin FIG. 58, when a video data
sequence (a) is inputted to the permutation control circuit
552, the permutation control circuit 552 sequentially sepa-
rates individual data of the video data sequence (a) into data
for the odd line permutation memory and data for the even
line permutation memory and writes the data therein. In this
case, after taking video data corresponding to at least 11 lines
into the permutation memory and while taking sequentially
inputted video data into the permutation memory, the permu-
tation control circuit 552 starts reading out video data from
the odd line permutation memory. For simplicity, dummy
data <D> is identical with video data right after insertion of
the dummy data <D>.

[0414] Specifically, the permutation control circuit 552
reads out first video data (video data corresponding to 1% gate
line) as dummy data <D> from the odd line permutation
memory, and then sequentially reads out video data corre-
sponding to 10 gate lines (corresponding to 1%, 37, 57, .. .,
and 19 lines) and regards the video data as a first set. Next,
the permutation control circuit 552 reads out second video
data (video data corresponding to 27 gate line) as dummy
data <D>, and then sequentially reads out video data corre-
sponding to 10 gate lines (corresponding to 27, 47 67, . .|
207 lines), and then sequentially reads out video data corre-
sponding to 10 lines (corresponding to 2277, 24%, 26, . . .,
40 lines) from the even line permutation memory, and
regards the video data corresponding to 20 gate lines as a
second set. Subsequently, from the odd line permutation
memory again, the permutation control circuit 552 reads out
21%*video data (video data corresponding to 21% gate line) as
dummy data <D>, and then sequentially reads out video data
corresponding to 10 gate lines (corresponding to 21%, 237,
257 . ..,39% lines) and regards the video data corresponding
to 10 gate lines as a third set. The permutation control circuit
552 controls permutation so as to repeat these steps, and thus
sequentially reads out all video data until reading out video
data corresponding to the last line from the permutation
memory.

[0415] In the present example, dummy data <d> at the top
(which is identical with data corresponding to 1% line) is
included in an effective display period VdispY. Alternatively,
the dummy data <d> at the top may be positioned at the last of
a vertical blanking period VblankY in a previous frame.
[0416] The following explains how to calculate the number
a of dummy scanning periods to be provided for each set
including M data and how to calculate a combination of the
horizontal scanning period Htotal Y and the dummy scanning
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period DtotalY in actual output in the above embodiments.
The calculation may be carried out by the display control
circuit 200 (liquid crystal panel driving device) as described
above. In this case, the calculation may be carried out by a
computer executing a predetermined program.

[0417] FIG. 41 is a flowchart showing an example of cal-
culating the combination. As shown in FIG. 41, initially, a
polarity inversion cycle M (the number of video data in one
set) is acquired. Then, the process goes to S1 where tempo-
rary number a of dummy horizontal scanning periods (the
number of dummy data in one set) is set to 1. Then, the sum
of M and ais regarded as A (S2). Then, the product of HtotalX
and M is divided by A, and the result is regarded as B (53).
After acquiring the polarity inversion cycle M, along with S1,
the minimum number C of necessary dummy horizontal scan-
ning periods may be set according to charging properties in
the polarity inversion cycle M. It is determined whether B is
not less than HdispX or not (S4). If YES, the process goes to
S7.1f No (B is less than HdispX), the process is finished. In
S7, it is determined whether B is an integer or not. If YES, the
process goes to S8. If No, the process goes to S5, and a is
incremented by 1, and the process goes to S2. In S8, it is
determined whether a is not less than the minimum number C
of necessary dummy horizontal scanning periods which is
obtained from the charging properties in M. If Yes, the pro-
cess goes to S9. If No, the process goes to S5. In S9, it is
determined that the number of dummy scanning periods=a
and HtotalY=Dtotal Y=B, and the process is finished.

[0418] With the calculation, if M=10, the number of
dummy scanning periods=1 and HtotalY=DtotalY=2000
dots, if M=30, the number of dummy scanning periods=3 and
Htotal Y=DtotalY=2000 dots, and if M=40, the number of
dummy scanning periods=4 and HtotalY=DtotalY=2000
dots. Thus, it is possible to calculate a combination of HtotalY
and DtotalY where Htotal Y=DtotalY.

[0419] However, the calculation cannot be carried out if
M=20. Therefore, the following calculation may be carried
out as shown in FIG. 42. As shown in the drawing, initially, a
polarity inversion cycle M (the number of video data in one
set) is acquired. Then, the process goes to S10 where tempo-
rary number a of dummy horizontal scanning periods (the
number of dummy data in one set) is set to 1. Then, the sum
of M and a is regarded as A' (811). Then, the product of
HtotalX and M is divided by A', and the result is regarded as
B' (8 12). After acquiring the polarity inversion cycle M,
along with S1, the minimum number C of necessary dummy
horizontal scanning periods may be set according to charging
properties in the polarity inversion cycle M. It is determined
whether B' is not less than HdispX or not (S14). If YES, the
process goes to S15. If No (B' is less than HdispX), the
process goes to S21. In S15, B' is rounded by dropping deci-
mals, and the resulting integer is regarded as D. The product
of D and A' is regarded as E (S16), E is subtracted from the
product of HtotalX and M and the result is regarded as P, P is
divided with a, and the result is regarded as F (S17). It is
determined whether F is an integer or not (S18). If F is an
integer, the process goes to S19, and if F is not an integer, the
process goes to S13 and a is incremented by 1 and the process
goes to S11. In S19, it is determined whether a is not less than
the minimum number of necessary dummy scanning periods
C that is obtained from the charging properties in M. If Yes,
the process goes to S20. IfNo, the process goes to S13. In S20,
a combination of the number of dummy scanning periods=a,
Htotal Y=D, and Dtotal Y=D+F is stored, and the process goes
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back to S13. In S21, it is determined whether a stored com-
bination exists or not, and if YES, the process goes to S22, and
if NO, the process goes to S23 and carries out recalculation
(mentioned later). In S22, one of stored combinations is
selected and the process is finished.

[0420] In the recalculation in S23, o and p that meets the
relation of HtotalX(2200)xM=Mxa+Cxf are calculated
using C (the minimum number C of necessary dummy scan-
ning periods that is obtained from the charging properties in
M). Thus, the number of dummy scanning periods=C,
HtotalY=a,, and Dtotal Y=0.

[0421] FIG. 43 shows the result of calculation by the flow-
chart of FIG. 42. As shown in FIG. 43, if M=30, there is
calculated a combination of the number of dummy scanning
periods=1, Htotal Y=2129, and DtotalY=2130, a combination
of the number of dummy scanning periods=2, Htotal Y=2062,
and DtotalY=2070, and a combination of the number of
dummy scanning periods=3, HtotalY=2000, and Dto-
talY=2000. If M=40, there is calculated a combination of the
number of dummy scanning periods=1, HtotalY=2146, and
DtotalY=2160, a combination of the number of dummy scan-
ning periods=2, HtotalY=2095, and DtotalY=2100, a combi-
nation of the number of dummy scanning periods=4, Hto-
talY=2000, and DtotalY=2000, and a combination of the
number of dummy scanning periods=5, HtotalY=1955, and
DtotalY=1960. One of these combinations is selected.
[0422] The calculation in FIG. 42 cannot be carried out if,
for example, M=40 and the number a of dummy scanning
periods=3. Therefore, in such a case (where the number of
dummy scanning periods is predetermined), the above recal-
culation may be carried out. FIG. 44 shows the result of
recalculation in a case where M=40 and the number of
dummy scanning periods=3. As shown in FIG. 44, seven
combinations are obtained in this case, and one of the seven
combinations is selected (e.g. a combination of M=40, the
number of dummy scanning periods=3, HtotalY=2044, and
DtotalY=2080).

[0423] (Example of Overshoot-Driving a CS Signal).
[0424] The above explained a case of carrying out multi-
pixel driving (MPD) in which a CS main line is shared by
adjacent gate lines in block-divided interlace scan in which
the polarity is inverted between even rows and odd rows. In
this case, providing a dummy scanning period for preventing
the influence of rounding of a waveform at the time of inver-
sion of the polarity of a data signal as described above would
require lengthening a wavelength of a CS signal by a period
corresponding to the provided dummy scanning period when
inverting the polarity of a data signal.

[0425] 1In this case, a period from rise or fall of a CS signal
to a time of a gate-on pulse being off differs. In the example
shown in FIG. 59, a dummy scanning period corresponding to
2H is inserted. In this example, when 307 row and 32" row
are compared with each other in terms of the period from rise
or fall of a CS signal to a time of a gate-on pulse being off
(gate-off timing), the result shows that the period is 5H in the
point (3) of CS_K, the period is 4H in the point (4) of CS_B,
the period is 7H in the point (5) of CS_A, and the period is 6H
in the point (6) of CS_D. A reaching ratio of a voltage of aCS
signal differs a little at individual points, making the degree of
change in luminance of bright sub-pixels and dark sub-pixels
differ.

[0426] A point with a great gap from target luminance
change is the point (4). That is, in the change of a voltage of
a dark sub-pixel of the pixel P30 in FIG. 59, a voltage differ-
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ence indicated by AVp_30' is smaller than other voltage dif-
ference. This tendency is more evident when a horizontal
period is short, increasing the number of points where a
difference in the reaching ratio of a voltage of a CS signal
appears as a difference in luminance. Consequently, as shown
in FIG. 60, display unevenness periodically appears on a
display screen.

[0427] In order to solve the above problem, an overshoot
pulse Poc with a predetermined width is generated with tim-
ing of rise or fall of a CS signal as shown in FIG. 61. A CS
control circuit 90 controls not only a CS signal with H level
and a CS signal with L level but also a CS signal with over-
shoot H potential higher than H level and a CS signal with
overshoot L potential lower than L level, i.e. CS signals with
four values in total. To be specific, the CS control circuit 90
provides, in a polarity continuation period of a CS signal, a
period during which a first voltage is applied and a period
during which a second voltage which has the same polarity as
the first voltage and which has a larger absolute value than the
first voltage is applied.

[0428] Such CS signal allows improving rounding of a
waveform at rise or fall of a pulse. In other words, even when
atime from inversion of the polarity of a CS signal to gate-off
timing is short, it is possible to increase a reaching ratio of a
CS voltage at gate-off timing. This allows reducing a differ-
ence in a reaching ratio ofa CS signal voltage which is caused
by a difference in the period from rise or fall of a CS signal to
gate-offtiming. Further, even when the period from rise or fall
of a CS signal to gate-off timing is short in one row and long
in the other row, it is possible to prevent display unevenness
due to a difference in a reaching ratio of a CS signal voltage.
That s, it is possible to improve periodic display unevenness
shown in FIG. 60.

[0429] 1In the present example, the width of Poc is 1H.
Alternatively, the width may be 2H. It should be noted that in
order to stabilize a potential of a CS signal when a gate-on
pulse gets off, it is desirable to make the width of Poc equal to
or smaller than the period from rise or fall of a CS signal to
gate-off timing.

[0430] On the other hand, FIG. 62 shows a set waveform
(full line) and an actual waveform (dotted line) of a CS signal
in a case where a horizontal period H is short, e.g. a case ofa
high definition panel or a high frame rate. In FIG. 62, a
numerical value shown at the side of a gate-on pulse is a time,
indicated by horizontal period H, from inversion of the polar-
ity of a CS signal to gate-off timing. For convenience of
explanation, information regarding rows etc. is omitted here.
[0431] Themagnitude of a voltage of a pulse Poc cannot be
set to be larger than a breakdown voltage of the CS control
circuit 90. Accordingly. when the horizontal period H is short,
there is a case where a reaching ratio of a CS signal voltage
remains insufficient even if a pulse Poc with the highest
voltage is applied. In this case, the reaching ratio of a CS
signal voltage differs depending on gate-off timing, and con-
sequently the periodic display unevenness remains.

[0432] Iftheliquidcrystaldisplay deviceis configured such
that a reaching ratio of a CS signal voltage in cases where a
time from inversion of the polarity of a CS signal to gate-off
timing is 4H or 5H is closer to a reaching ratio of a CS signal
voltage in cases where the time is 6H or 7H, then it is possible
to further reduce the display unevenness. F1G. 63 shows an
example of driving a CS signal used for realizing this con-
figuration. In the example in FIG. 63, a pulse width and
application timing of an overshoot pulse is changed depend-
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ing on the length of a polarity inversion cycle of a CS signal.
Specifically, in a period where a polarity inversion cycle is
5H, an overshoot pulse Poc with a predetermined pulse width
is applied with timing of rise or fall ofa CS signal, whereas in
a period where a polarity inversion cycle is 7H, an overshoot
pulse Poc' with a shorter pulse width than that of the over-
shoot pulse Poc is applied with timing after a predetermined
time has passed from the timing of rise or fall of a CS signal.
[0433] A reaching ratio of a CS signal voltage is higher in
the period where a polarity inversion cycle is 7H than in the
period where a polarity inversion cycle is SH. Therefore, by
setting the pulse width of the overshoot pulse Poc' to be
narrower than the pulse width of the overshoot pulse Poc, it is
possible to make the reaching ratios of the CS signals in the
two periods closer to each other. Further, also by changing
application timing of the overshoot pulse Poc', it is possible to
make the reaching ratios of the CS signals in the two periods
closer to each other. This allows further reducing the display
unevenness.

[0434] In the example shown in FIG. 64, a voltage for the
overshoot pulse Poc is different from a voltage for the over-
shoot pulse Poc'. By making the voltage for the overshoot
pulse Poc' smaller than the voltage for the overshoot pulse
Poc, it is possible to make a reaching ratio of a CS signal
voltage in the period where a polarity inversion cycle is 7H
and a reaching ratio of a CS signal voltage in the period where
a polarity inversion cycle is SH closer to each other.

[0435] By changing at least one of a pulse width, applica-
tion timing, and a voltage of an overshoot pulse according to
the length of a polarity inversion cycle of a CS signal, it is
possible to obtain the above effect.

[0436] (Example of Configuration for Reducing Display
Unevenness Seen During Dummy Insertion Period)

[0437] FIG. 65 shows states of connections between CS
main lines and CS lines and a timing chart of'a CS signal and
a gate-on pulse in driving by block-divided interlace scan
where the number o of scanning lines in one block is 24 and
where each of a first dummy insertion period and a second
dummy insertion period is 2H. The drawing shows 15 to 24
gate lines. In reality, 24 gate lines constitute one block, and
this block is repeated in a column direction. Thus, block-
divided interlace scan is realized.

[0438] Inthiscase,toa polarity continuation period ofaCS
signal that exists at timing to insert a dummy insertion period
is added a period to insert the dummy insertion period, i.e. 2H.
That is, the polarity continuation period of a CS signal that
exists at timing to insert a dummy insertion period is set to 8H
and a polarity insertion period of other CS signal is set to 6H.
Further, since the number a of scanning lines in one block is
24 that is an even number, providing 12 phases for a CS signal
allows the CS signal to correspond to all CS lines.

[0439] In this type of block inversion driving, a blank is
inserted at a part where the polarity is inverted and its vicini-
ties. Consequently, a time from a moment when a gate-on
pulse gets off to a moment of inversion of the polarity of a CS
signal in 127 and 24™ lines is greatly different from such time
of other lines. For example, if a time t1 from a moment when
a gate-on pulse of an upper sub-pixel of 12% line gets offto a
moment of inversion of the polarity of a CS signal is com-
pared with a time t2 from a moment when a gate-on pulse of
alower sub-pixel of 12% line gets off to a moment of inversion
of the polarity of a CS signal, the comparison shows that {2 is
longer by 3H than t1. Consequently, an average of a voltage
variation per 1 frame of a pixel electrode due to a pushed-up/
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pulled-down voltage of a CS signal differs between a sub-
pixel at a certain line and a sub-pixel at other lines. This may
result in striped display unevenness.

[0440] FIG. 66 explains an example for solving the above
problem. As with FIG. 65, FIG. 66 shows states of connec-
tions between CS main lines and CS lines and a timing chart
of a CS signal and a gate-on pulse in driving by block-divided
interlace scan where the number a of scanning lines in one
block is 24 and where each of a first dummy insertion period
and a second dummy insertion period is 2H.

[0441] FIG. 66 differs from FIG. 65 in that phases of two
new CS signals are introduced. Specifically, two CS main
lines are added and CS_N and CS_O are added as new phases
of CS signals. As shown by thick lines in FIG. 66, a CS line
corresponding to a lower sub-pixel at 12 gate line is con-
nected with CS_N and a lower sub-pixel at 24” gate line is
connected with CS_QO. Observation of the thick waveform at
the 12 line shows that a time t2' from a moment when a
gate-on pulse of a lower sub-pixel at 127 line gets off to a
moment when the polarity of a CS signal is inverted is shorter
by 2H than t2' in FIG. 65. This eliminates a difference from
other lines. thereby reducing striped display unevenness.
[0442] The waveform of CS_N and the waveform of CS_O
have opposite phases. Also in the case of the 247 line, a time
from a moment when a gate-on pulse of a lower sub-pixel gets
off to a moment when the polarity of a CS signal is inverted
are equal to times of other lines, thereby reducing stripped
display unevenness.

[0443] The above configuration is generalized as follows:
In a driving method in which the number of scanning signal
lines included in one block is a (ot is a natural number) and a
dummy insertion period is inserted at two or more points in
scanning of one block, the retention capacitor lines should be
driven in response to the retention capacitor signals with at
least ok (k is natural number: o and k are selected so that av/k
is integer)+2 phases. In the example in FIG. 66, a=24 and
k=2, and CS lines are driven in response to CS signals with
24/242=14 phases.

[0444] (Example of Configuration for Reducing Kinds of
Phases of CS Signals)

[0445] FIG. 67 shows states of connections between CS
main lines and CS lines and a timing chart of'a CS signal and
a gate-on pulse in driving by block-divided interlace scan
where the number o of scanning lines in one block is 48 and
where each of a first dummy insertion period and a second
dummy insertion period is 2H. The drawing relates to 1% to
24™ gate lines. In reality, 48 gate lines constitute one block,
and this block is repeated in a column direction. Thus, block-
divided interlace scan is realized.

[0446] Inthe example shown in the drawing, CS main lines
A-H and J-M, i.e. 12 CS main lines in total, are used. A
polarity continuation period of individual CS signals is 6H or
8H, and the polarity ofa CS signal is inverted 4 times between
application timings of gate-on pulses of an even line and an
odd line adjacent to each other. This is because a polarity
inversion cycle of a CS signal is shorter than an adjacent line
writing time difference period.

[0447] In a case of a high driving frequency, when the
polarity continuation period of a CS signal is short as
described above, rounding of a waveform of a CS signal
lowers a reaching ratio of a voltage of a CS signal to a target
voltage at the time of gate off, which causes display uneven-
ness. In order to improve the display unevenness, the polarity
inversion cycle of a CS signal may be lengthened so as to
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reduce the influence of rounding of a CS signal. However, in
order to lengthen the polarity inversion cycle of a CS signal,
it is necessary to increase the number of kinds of phases of a
CS signal, which requires increasing the number of CS main
lines. This may increase the number of lines or complicate
configuration of lines, which may require increasing the area
of a substrate or may increase the possibility of short-circuit.

[0448] FIG. 68 shows a driving example for extending the
polarity continuation period ofa CS signal without increasing
the number of CS main lines. FIG. 68 shows connection states
of CS main lines and CS lines and a timing chart ofa CS signal
and a gate-on pulse in a case where there are 12 phases of
waveforms of CS signals. Gate-on positions (1)-(14) in FIG.
68 indicate timing for inverting the polarity of a CS signal and
timing of a gate-on pulse. The drawing relates to 17 to 487
gate lines. In reality, 48 gate lines constitute one block, and
this block is repeated in a column direction. Thus, block-
divided interlace scan is realized.

[0449] In this example, two CS lines with one CS line
therebetween are connected with one CS main line. Specifi-
cally, CS lines 0, 2, 25, 27, 48, 50, 73, and 75 are connected
with A of the CS main lines, and CS lines 1, 3, 24, 26, 49, 51,
72, and 74 are connected with B of the CS main lines. C, D,
and thereafter of the CS main lines are connected with CS
lines that are positioned by 4 lines away from the CS lines
connected with A and B of the CS main lines. Further, the
relation in connection between the CS main lines and the CS
lines are repeated with respect to every 48 CS lines.

[0450] Further, in this driving example, a block including
48 scanning lines are subjected to interlace scan such that
even rows are scanned and then odd rows are scanned (or vice
versa), and a dummy scanning period of 2H is inserted when
inverting the polarity of a data signal. Further, in order to
correctly show brightness and darkness of a multi-pixel, a
dummy scanning period of 2H 1s also inserted at a portion
where the polarity is not inverted. A CS signal includes a
signal whose polarity continuation period is 14H bothina L
level period and a H level period, and a signal whose polarity
continuation period is 12H both in a L level period and a H
level period.

[0451] With the example shown in FIG. 68, it is possible to
lengthen the polarity continuation period of a CS signal with-
out increasing the number of phases of waveforms of the CS
signal. This allows increasing a reaching ratio of a CS voltage
at the time of gate-off without providing additional lines and
circuits, thereby reducing display unevenness due to round-
ing of an actual waveform of the CS voltage.

[0452] Driving shown in FIG. 87 may be performed. The
driving in FIG. 87 differs from the driving in FIG. 68 in that
a polarity continuation period including a portion where a
dummy insertion period is inserted is 14H and other polarity
continuation period is 12H.

[0453] Polarity inversion timing of a CS signal and gate-on
pulse timing in F1G. 68 and FIG. 87 are shown as a waveform
1 and a waveform 2, respectively, in FIG. 88. As shown in the
drawing, five conditions should be satisfied: (a) a voltage
level of a CS signal changes after gate-on positions (1), (2),
and (3); (b) a voltage level of a CS signal changes after
gate-on positions (13), (4), (5) and (6); (¢) a voltage level of a
CS signal changes after gate-on positions (14), (7). (8) and
(9); (d) a voltage level of a CS signal changes after gate-on
positions (10), (11), and (12); (e) a period during which a
polarity continuation period is 14H and a period during which
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a polarity continuation period is 12H are the same as each
other both in a L level and a H level.

[0454] (Example of Configuration for Removing Deviation
in Polarity)
[0455] On the other hand, in a case of inserting a dummy

horizontal period in block-divided interlace scan, it is neces-
sary to lengthen a polarity continuation period of a CS signal
in accordance with the length of a dummy horizontal period to
be inserted. For example, in a case where a dummy horizontal
period to be inserted is 2H, a polarity continuation period of
14H and a polarity continuation period of 12H coexists in the
example in F1G. 68. In this case, the CS signal yields an effect
of steep rise of a voltage on individual pixels, which effect
varies in accordance with a relation between polarity inver-
sion timing of a CS signal and gate-off timing, resulting in
different effective values of a voltage to be applied on a liquid
crystal. In the above example, the relation between polarity
inversion timing of a CS signal and gate-off timing differs
between adjacent blocks, causing unevenness in brightness
with respect to each block. The following explains the cause
of this unevenness in brightness.

[0456] (a) of FIG. 70 and (b) of FIG. 70 show driving
examples with different relations between polarity inversion
timing of a CS signal and gate-off timing. In both examples,
a CS signal has polarity inversion timing such that a polarity
continuation period of 14H is carried out successively two
times and a polarity continuation period of 12H is carried out
continuously two times and the same process is repeated. In
(a) of F1G. 70, a gate-on pulse is applied during first 14H ((A)
in the drawing)) of two-times successively carried out polar-
ity continuation periods of 14H, whereas in (b) of FIG. 70, a
gate-on pulse is applied during second 14H ((B) in the draw-
ing)) of two-times successively carried out polarity continu-
ation periods of 14H. It should be noted that (a) of FIG. 70
shows a driving example with timing of gate-on position (2)
of FIG. 68, and (b) of FIG. 70 shows a driving example with
timing of gate-on position (5) of FIG. 68.

[0457] Here, attention is paid to the length of a period in
which a CS signal is kept “H” (H level) in one frame period.
A period in which a CS signal in (a) of FIG. 70 gets “H” (H
level) (steep rise period) and a period in which a CS signal in
(b) of F1G. 70 gets “H” (H level) are different in some portions
in one frame period, and these portions are hatched in (a) and
(b) of FIG. 70. Comparison of (a) of FIG. 70 and (b) of FIG.
70 in terms of these portions shows that the hatched period in
which a CS signal is kept “H” (H level) is 14H (14 horizontal
periods)+9H (19 horizontal periods)=23H (23 horizontal
periods) in case of (a) of FIG. 70 and 12H (12 horizontal
periods)+9H (9 horizontal periods)=21H (21 horizontal peri-
ods) in case of (b) of FIG. 70, indicating that the period in
which a CS signal is kept “H” (H level) is longer in (a) by 2H
(2 horizontal periods) than in (b). That is, an effective value of
a voltage to be applied on liquid crystals is higher in (a) than
in (b). Consequently, pixel display corresponding to 124
gate lines with timing of (a) gets brighter than pixel display
corresponding to 25%-48" gate lines with timing of (b), mak-
ing difference in luminance between adjacent blocks.

[0458] (c) of FIG. 70 and (d) of FIG. 70 show examples of
waveforms of CS signals designed for solving this problem.
As shown in (¢) of FIG. 70 and (d) of FIG. 70, a polarity
continuation period of 14H of a CS signal is divided into a
portion of 12H and a portion of 2H, and the portion of 2H is
set so that a period in which a CS signal is kept “H” (H level)
and a period in which a CS signal is kept “L”(L level) are
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equal to each other. This allows making the “H” period of a
CSsignal andthe “L” period of a CS signal equal to each other
regardless of timing for applying a gate-on pulse, which
solves the problem of deviation in time when a voltage is
pushed up. Inthe examples shown in (¢) of FIG. 70 and (d) of
FIG. 70, the portion of 2H is divided into the “H” (H level)
period of 1H and the “L” (I level) period of 1H. Alternatively,
the portion of 2H may be divided into shorter periods so that
the “H” (H level) period and the “L” (L. 1evel) are equal to each
other.

[0459] In the examples shown in the drawings, the time
indicated by hatching when a voltage is pushed up is
1H+12H+9H=22H in (¢) and 12H+1H+9H=22H in (d), mak-
ing the time when a voltage is pushed up equal both in (c) and
(d). Consequently, an effective value of a voltage to be applied
on liquid crystals is equal between a case of applying a gate-
onpulseat(A) of (c) and a case of applying a gate-on pulse at
(B) of ().

[0460] FIG. 69 shows connection states of CS main lines
and CS lines and a timing chart of a CS signal and a gate-on
pulse in cases where CS signals indicated by the (c) and the
(d) are applied. A period for scanning one block, including a
dummy scanning period, i.e. 48H+2H+2H=52H, is designed
such that a period in which a retention capacitor signal is in H
level (1H+12H+1H+12H=26H) and a period in which a
retention capacitor signal is in L level (1H+12H+1H+
12H=26H) are equal to each other.

[0461] Gate-on positions (1)-(14) in FIG. 69 indicate all of
polarity inversion timings of CS signals and all of timings of
gate-on pulses. (¢) of F1G. 70 is a driving example with timing
indicated by gate-on position (2) of FIG. 69, and (d) of FIG.
70 is a driving example with timing indicated by gate-on
position (5) of FIG. 69. With such driving, difference in
luminance between 1¥-24” gate lines with timing of (c) and
257_48" gate lines with timing of (d) is removed.

[0462] Even if a period in which a C8 signal is in H level
and a period in which a CS signal is in L level are not
completely equal to each other during a period for scanning
one block, the difference in luminance can be substantially
removed provided that a difference between the period in
which a CS signal is in H level and the period in which a CS
signal is in L level is 1H or less. Further, it is desirable that a
difference among retention capacitor lines in an absolute
value of a difference between H level period and L level
period of a retention capacitor signal in one frame is equal to
or less than 1 horizontal period.

[0463] 1In the above example, the driving example in FIG.
69 is arranged based on the driving example in FIG. 68.
Alternatively, a driving example arranged based on the driv-
ing example in FIG. 87 will also result in the driving example
in FIG. 69.

[0464] Further, as shown in F1G. 89 table showing the result
of evaluation, the result of analysis with different number of
scanning lines shows that, when a ratio of a difference among
retention capacitor lines in an absolute value of a difference
between H level period and L level period of a retention
capacitor signal in one frame to one frame period is equal to
or less than 0.13%, it is possible to prevent difference in
luminance. When the ratio is equal to or less than 0.09%, it is
possible to further increase display quality. In the column
reading “unevenness (visual evaluation)”, a double circle
mark indicates excellent display quality with no difference in
luminance, a single circle mark indicates excellent display
quality with slight difference in luminance, and a triangle
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mark indicates display quality with somewhat noticeably dif-
ference in luminance, and a cross mark indicates display
quality with considerably noticeable difference in luminance.
[0465] (Configuration and Operation of Gate Driver)
[0466] The following details a configuration of the gate
driver 400 used in the above Embodiments. FIG. 46 is ablock
diagram showing an example of a configuration of the gate
driver 400. As shown in the drawing, the gate driver 400
includes a plurality of gate driver ICs 411-41¢4. FIG. 45 shows
an example of a configuration of a gate driver IC41n.

[0467] The gate driver [C41» includes a first shift register
42, a second shift register 43, a first AND gate 441, a second
AND gate 442, and an output section 45. The first shift reg-
ister 42 is a shift register for odd stages and the second shift
register 43 is a shift register for even stages. The first AND
gate 441 is provided so as to correspond to an output from the
first shift register 42 and the second AND gate 442 is provided
so as to correspond to an output from the second shift register
43. The output section 45 outputs scanning signals G1-Gp
based on output signals gl-gp from the first AND gate 441
and the second AND gate 442.

[0468] The gate driver IC 41 receives start pulse signals
SPia and SPib and clock signals CKa and CKb that are input
to individual shift registers from the outside, and output con-
trol signals OEa and OEDb. The start pulse signals SPia and
Spib are input to input terminals of the first shift register 42
and the second shift register 43, respectively, and start pulse
signals SPoa and SPob to be input to a subsequent gate driver
1C are output from output terminals of the first shift register
42 and the second shift register 43.

[0469] The first AND gate 441 receives an even stage out-
putsignal Qk (kis an odd number) and a logic inversion signal
of an output control signal OEa. On the other hand, the second
AND gate 442 receives an odd stage output signal Qk (k is an
even number) and a logic inversion signal of an output control
signal OEb.

[0470] The gate driver 400 of the present configuration
exampleis realized by cascade-connecting the plurality of (q)
gate driver ICs 411-414 each having the above configuration.
That is, in order that the first and second shift registers 42 and
43 in each of the gate driver ICs 411-41¢ constitute one shift
register (shift register formed by cascade-connection in this
manner is hereinafter referred to as “connection shift regis-
ter”), output terminals of the first and second shift registers 42
and 43 in the gate driver IC 41z (output terminals for the start
pulse signals SPoa and SPob) are connected with input ter-
minals of the first and second shift registers 42 and 43 in the
next gate driver IC (input terminals for the start pulse signals
SPia and SPib).

[0471] It should be noted that gate start pulse signals GSPa
and GSPb are input to input terminals of the first and second
shift registers 42 and 43 in the gate driver IC 411 at the head
and output terminals of the first and second shift registers 42
and 43 in the gate driver IC 414 at the end are not connected
with the outside. Further, gate clock signals GCKaand GCKb
and output control signals GOEa and GOEb from the display
control circuit 200 are input as the clock signals CKa and CKb
and the output control signals OEa and OEb to the gate driver
1C 41n.

[0472] The following explains an operation of the gate
driver 400 of the above configuration example with reference
to a waveform chart of FIG. 47. As shown in the waveform
chart, the display control circuit 200 generates, as a gate start
pulse signal GSP (GSPa for odd stages and GSPb for even
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stages), a signal which gets H level (active) only during a
period Tspw corresponding to a pixel data writing pulse Pw,
and generates a gate clock signal GCK (GCKa for odd stages
and GCKb for even stages) which gets H level only during a
predetermined period with respect to each 1 horizontal scan-
ning period (1H).

[0473] When the gate start pulse signal GSP and the gate
clock signal GCK (GCKa and GCKb) are input to the gate
driver 400, output signals Q1 and Q2 are output from first
stages of the first and second shift registers 42 and 43 in the
gate driver IC 411 at the head. The output signals Q1 and Q2
include a pulse Pqw corresponding to the pixel data writing
pulse Pw. Here, in order to generate the output signals Q1 and
Q2 in the first stages, GCKa and GCKb in the first stages get
H level with a distance of 2H.

[0474] Such pulse Pqw is sequentially transmitted through
connection shift registers of the gate driver 400 in accordance
with the gate clock signal GCK. Accordingly, output signals
Qn whose signal waveform gets H level in accordance with
rise of GCK and gets L level in accordance with next rise of
GCK are output, sequentially and with a certain gap. from
individual stages of the connection shift registers.

[0475] Further, as described above, the display control cir-
cuit 200 generates a gate driver output control signal GOE
(GOEa and GOEDb) to be supplied to the gate driver ICs
411-41¢ constituting the gate driver 400. A gate driver output
control signal GOE to be supplied to n” gate driver IC 41
gets L level or Hlevel due to adjustment of a pixel data writing
pulse Pw during a period in which a pulse Pqw corresponding
to the pixel data writing pulse Pw is output from any stage of
the first and second shift registers 42 and 43 in the gate driver
IC 41n. That is, GOE gets H level during the predetermined
period, which will be hereinafter referred to as “writing
period adjustment pulse”.

[0476] It should be noted that a pulse (writing period
adjustment pulse) included in the gate driver output control
signal GOE for the sake of adjustment of the pixel data
writing pulse Pw can be appropriately adjusted in accordance
with the pixel data writing pulse Pw required. Here, GOE is
controlled in order that when the polarity (POL) of a data
signal waveform is inverted, a signal potential right before
inversion of the polarity is not written. Similarly, the width of
a pulse Pw can be controlled in order that when the polarity
(POL) of a data signal waveform is inverted, a signal potential
right after polarity inversion is not written in response to a
pulse Pw right before the polarity inversion. By adjusting the
width controllable by GOE, it is possible to generate a pixel
data writing pulse Pw corresponding to all of the above
Embodiments when the polarity (POL) of a data signal wave-
form is inverted.

[0477] GCK consists of GCKa for controlling output of odd
stages and GCKb for controlling output of even stages. These
clock signals maintain H level in connection with inversion of
the polarity POL of a data signal, and when a dummy inser-
tion period (1H) has elapsed after one more inversion of the
polarity of a data signal, the clock signals get L level, restart-
ing basic operation of getting H level for a predetermined
period with respect to 1H. Inaccordance with operation of the
clock signals (GCKa and GCKD), the length of the waveform
Pqw of the output signal Qk varies. Using this variation, a
period during which a pixel data writing pulse Pw out of
pulses Pqw should be output is controlled in response to the
output control signals GOEa and GOEDb (“writing period
adjustment pulse”).
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[0478] Inthe gatedriver IC chips 41x (nranges from 1 to q),
in accordance with output signals Qk (k ranges from 1 to p) of
individual stages of the shift registers, gate clock signals
GCK, and gate driver output control signals GOE, the first
and second AND gates 441 and 442 generate internal scan-
ning signals g1 to gp, which are subjected to level conversion
by the output section 45 and scanning signals G1 to Gp to be
applied on the gate lines GL1 to GLm are output. Conse-
quently, as shown in the waveform chart, pixel data writing
pulses Pw are sequentially applied to the gate lines GL1 to
GLm.

[0479] FIG. 48 is a waveform chart showing driving opera-
tion different from that of FIG. 47. The following explains
only differences between the driving operation of FIG. 48 and
that of FIG. 47.

[0480] GCK consists of GCKa for controlling output of odd
stages and GCKb for controlling output of even stages. These
clock signals maintain L level in connection with inversion of
the polarity POL of a data signal, and when a dummy hori-
zontal period (1H) and a horizontal period (1H) for writing
pixel data have elapsed after one more inversion of the polar-
ity of a data signal. restarting basic operation of a clock signal
getting H level for a predetermined period with respect to 1H.
[0481] In accordance with operation of the clock signals
(GCKa and GCKDb), the length of the waveform Pqw of the
output signal Qk varies. Using this variation, a period during
which a pixel data writing pulse Pw out of pulses Pqw should
be output is controlled in response to the output control sig-
nals GOEa and GOEb (“writing period adjustment pulse”).
[0482] A pulse (writing period adjustment pulse) included
in the gate driver output control signal GOE for the sake of
adjustment of the pixel data writing pulse Pw can be appro-
priately adjusted in accordance with the pixel data writing
pulse Pw required.

[0483] (Example of Double Pulse Driving)

[0484] In a case where a horizontal scanning period is
required to be shorter in order to increase a scanning fre-
quency, a pulse width of a gate-on pulse is also required to be
shorter. This shortens a time for charging each pixel, resulting
in insufficient charging. In order to avoid this problem, the
present invention may be arranged such that charging of
pixels may be carried out both during a main charging period
in which a gate line is caused to be in a selected state so that
source lines apply voltages on individual pixels and during a
pre-charging period in which the same gate line is caused to
be in a selected state with timing before the main charging
period.

[0485] If driving in which a main charging period and a
pre-charging period are provided is applied to the driving in
FIG. 47, the driving is carried out as in FIG. 71 for example.
As shown in FIG. 71, the pre-charging period and the main
charging period are set according to an L period of a gate
clock GCK, i.e. the width between pulses of the gate clock
GCK.

[0486] In this case, at a part where the polarity of a wave-
form of a data signal is inverted, the L period of the gate clock
GCK is set to be longer in order to insert dummy data. This
causes difference in waveform of a gate-on pulse between (i)
a gate line in which a pre-charging period or a main charging
period is set based on a long L period of the gate clock GCK
and (ii) other gate lines. This causes different charging ratios
among lines, resulting in difference in luminance. FIG. 72
shows an example of display unevenness caused by the dif-
ference in luminance.
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[0487] Although the example in FIG. 71 is an example of
driving by interlace block inversion, a similar problem occurs
in a case of progressive scanning block inversion (nH inver-
sion). However, as shown in FIG. 72, display unevenness
appears every two rows in the case of interlace scan, and
consequently display unevenness appears more noticeably in
interlace scan than in progressive scan.

[0488] As a countermeasure for this problem, the following
explains a driving method in which the width of a gate-on
pulse is set based not on the L period of GCK but on a
combination of two signals: GCK and GOE. Initially, the
width of a pulse Pqw on which a gate-on pulse Pw will be
based is set to be a predetermined value (e.g. 2H) beforehand.
Further, the length of a gate-on pulse may be slightly adjusted
by masking the gate-on pulse with GOE. Further, by design-
ing the present invention such that a gate-on pulse remains
high even when a GOE pulse is generated (even in H level), it
is possible to provide main charging periods that are common
among all lines regardless of the GOE pulse. In this case,
fixing GOE to H allows single pulse driving.

[0489] FIG. 73 shows examples of controlling a pulse
width ofa gate-on pulse Pw. In the examples, a main charging
period is set based on the L period of GCK without being
influenced by GOE. In contrast thereto, a pre-charging period
is influenced by a pulse waveform of GOE. In the example 1,
the pre-charging period gets shorter by masking a headmost
portion of the pulse Pqw with use of a GOE pulse. In the
example 2, the pre-charging period is divided into two periods
and the total of the pre-charging period gets shorter by mask-
ing a middle portion of the pulse Pqw with use of a GOE
pulse. In the example 3, the pre-charging period gets shorter
by masking alast portion of the pulse Pqw with use of a GOE
pulse and a gap is inserted between the pre-charging period
and the main charging period. In the example 4, the pre-
charging period gets longest by fixing GOE at L level. In the
example 5, the pre-charging period gets 0 by fixing GOE at H
level, thereby realizing single pulse driving.

[0490] (Configuration and Operation of Gate Driver for
Realizing Double Pulse (1))

[0491] FIG. 74 shows an example of a configuration of a
gate driver IC 41 for realizing progressive scan nH inversion
driving in the above double pulse driving. As shown in FIG.
74, the gate driver IC 41 includes: a shift register 46; sets of
a first AND gate 441, a second AND gate 442, a third AND
gate 443, and a first OR gate 444, the sets respectively corre-
sponding to individual stages of the shift register 46; and an
output section 45 for outputting scanning signals G1-Gp
based on output signals gl-gp from the third AND gate 443.
Further, the gate driver IC 41r receives a start pulse signal
SPi, a clock signal CK, an output control signal OE, and a
selection signal SEL from the outside. The start pulse signal
SPiis supplied to an input terminal of the shift register 46, and
a start pulse signal Spo to be input to a subsequent gate driver
1C 41n+1 is output from an output terminal of the shift reg-
ister 46.

[0492] Further, in an odd stage (Qk; stage with k being odd
number out of 1 to p) of the shift register 46, the first AND gate
441 receives the output control signal OF and a logic inver-
sion signal of the selection signal SEL, the second AND gate
442 receives the clock signal CK and the selection signal
SEL, the first OR gate 444 receives outputs of the first AND
gate 441 and the second AND gate 442, the third AND gate
443 receives a logic inversion signal of an output of the first
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OR gate 444 and an output signal Qk (k is odd number) from
an odd stage of the shift register 46.

[0493] On the other hand, in an even stage (Qk; stage with
k being even number out of 1 to p) of the shift register 46, the
first AND gate 441 receives the output control signal OF and
the selection signal SEL, the second AND gate 442 receives
the clock signal CK and a logic inversion signal of the selec-
tion signal SEL, the first OR gate 444 receives outputs of the
first AND gate 441 and the second AND gate 442, the third
AND gate 443 receives a logic inversion signal of an output of
the first OR gate 444 and an output signal Qk (k is even
number) from an even stage of the shift register 46.

[0494] The gate driver 400 of the present configuration
example is realized by cascade-connecting plural number of
(q) gate driver ICs 411-41¢. That is, an output terminal of the
shift register 46 in the gate driver IC 417 ps connected with an
input terminal of the shift register 46 in the next gate driver IC
41n+1 so that the shift registers 46 in the gate driver 1Cs
411-41¢ form one shift register.

[0495] It should be noted that an input terminal of the shift
register 46 in the gate driver IC 411 at the head receives a gate
start pulse signal GSP from the display control circuit 200,
and an output terminal of the shift register 46 in the gate driver
IC chip 41¢ at the end is not connected with the outside.
Further, a gate clock signal GCK, GOE, and SEL from the
display control circuit 200 are supplied as a clock signal CK,
an output control signal OF, and a selection signal SEL to
each of the gate driver [Cs 411-41¢.

[0496] With reference to a waveform chart in FIG. 75, the
following explains the operation of the gate driver 400 of the
above configuration example. As shown in the waveform
chart, the display control circuit 200 generates a gate start
pulse signal GSP serving as a signal that gets H level only
during a period Tspw corresponding to a pixel data writing
pulse Pw, and generates a gate clock signal GCK that gets H
level basically only fora predetermined period with respect to
1 horizontal scanning period (1H) except for a moment right
after polarity inversion of a data signal.

[0497] When the gate start pulse signal GSP and the gate
clock signal GCK are input to the gate driver 400, an output
signal Q1 is output from a first stage of the shift register 46 in
the gate driver IC 411 at the head. The output signal Q1
includes a pulse Pqw corresponding to a pixel data writing
pulse Pw in each frame period.

[0498] The pulse Pqw is sequentially transmitted through
connection shift registers of the gate driver 400 in accordance
with the gate clock signal GCK. Accordingly, output signals
Qn whose signal waveform gets H level in accordance with
rise of GCK and gets L. level in accordance with two-posterior
rise of GCK are output, sequentially and with a certain gap,
from individual stages of the connection shift registers.

[0499] At timing when the polarity of a data signal is
inverted after GCK gets H level, a distance between H level of
GCK and next H level of GCK is 2H. The length of the
waveform Pqw of the output signal Qk varies depending on
the operation of the clock GCK.

[0500] Further, as described above, the display control cir-
cuit 200 generates the gate driver output control signal GOE
and the selection signal SEL to be supplied to the gate driver
1Cs 411-414 that constitute the gate driver 400. One of GCK
and GOE is selected in response to the selection signal SEL,
the pulse width of the pulse Pqw is adjusted in response to the
selected one, and the pixel data writing pulse Pw is set. In the
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drawing, “OE” and “CK” described in the pulse widths of
Pqw and Pw indicate portions controlled in response to GOE
and GCK, respectively.

[0501] Inthe gatedriver IC chips 41x (nranges from 1 to q),
the first AND gate 441, the second AND gate 442, the first OR
gate 444, and the third AND gate 443 generate internal scan-
ning signals gl-gp based on the output signal Qk (k ranges
from 1 to p) from individual stages of the shift register, the
gate clock signal GCK, the gate driver output control signal
GOE, and the selection signal SEL. The internal scanning
signals gl-gp are subjected to level-conversion by the output
section 45 and scanning signals G1-Gp to be applied on the
gate lines GL1-GLm are output.

[0502] Consequently, pixel data writing pulses Pw having
the same pulse width are sequentially applied to the gate lines
GL1-GLm. Consequently, the length of a charging period is
equal between a gate line at which the polarity of a data signal
is inverted and other gate lines. This prevents the display
unevenness.

[0503] As shown in FIG. 76, the present configuration may
be arranged so that at timing when the polarity of a data signal
is inverted after GCK gets H level, GCK is kept at H level for
1H. In this case, too, the length of the waveform Pqw of the
output signal Qk varies depending on the operation of the
clock GCK. By appropriately setting the gate driver output
control signal GOE and the selection signal SEL, it is possible
to sequentially apply pixel data writing pulses Pw having the
same pulse width to the gate lines GL1-GLm.

[0504] Gate-on pulses Pw at the time of polarity inversion
of a data signal waveform shown in FIGS. 77 to 79 below can
be generated by employing the gate driver IC in FIG. 74 and
appropriately selecting the gate clock GCK, the pulse width
ofthe gate driver output control signal GOE, and the selection
signal SEL. For example, fall of a gate-on pulse right before
polarity inversion may be masked with GCK and rise of a
gate-on pulse right after the polarity inversion may be masked
with GOE.

[0505] FIG. 77 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, and a gate-on
pulse (pixel data writing pulse) Pw in the double pulse driving
by progressive scan where the polarity ofa data signal voltage
is inverted with respect to every 10 rows with a center value of
the data signal voltage Vsc as a reference and where 1 hori-
zontal period (1H) right after inversion of the polarity is
regarded as a dummy insertion period. In the drawing, the
lateral direction indicates time lapse and the longitudinal
direction indicates individual rows of gate lines (writing
rows) GL1-GLm to which gate-on pulses are applied.

[0506] An actual waveform of the data signal is rounded
right after inversion of the polarity. That is, it takes time for
the waveform of the data signal to reach a predetermined
voltage after the inversion of the polarity. In order to deal with
this problem, in the above driving example, a main charging
period is not provided during 1 horizontal period right after
the inversion of the polarity in order to provide a dummy
horizontal period. Consequently, in a horizontal period next
to the dummy insertion period, a data signal with the prede-
termined voltage is written in individual pixels.

[0507] Providing the dummy insertion period in this man-
ner allows increasing a reaching ratio (charging ratio) of an
actual voltage to an application voltage in the source lines
SL1-SLn (data signal lines) when writing pixel data after the
inversion of the polarity. This prevents display unevenness
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with respect to every 10 rows which is caused by rounding of
the data signal waveform at the time of the inversion of the
polarity.

[0508] Further, as shown in FIG. 78, the driving is config-
ured such that a second period is longer than a first period
where the first period is a time from the last end of a gate-on
pulse Pw nearest to a moment of polarity inversion among
gate-on pulses Pw applied before the moment of polarity
inversion to the end of a horizontal period during which the
gate-on pulse Pw is applied and the second period is a time
from the moment of polarity inversion to a moment of appli-
cation start of a gate-on pulse Pw nearest to the moment of
polarity inversion among gate-on pulses Pw applied after the
moment of polarity inversion.

[0509] With such driving, a gate-on pulse Pw is not applied
at the time of inversion of the polarity. This allows preventing
data signals with opposite polarities from being simulta-
neously applied to two adjacent gate lines to which gate-on
pulses Pw are applied before and after inversion of the polar-
ity, respectively. This allows preventing image display from
being disturbed at the moment of polarity inversion.

[0510] Further, out of the gate-on pulses Pw applied after
the moment of polarity inversion, the gate-on pulse Pw near-
est to the moment of polarity inversion is gated on after a
period longer than the first period has elapsed from the
moment of polarity inversion. This prevents pre-charging of a
pixel during a period where a data signal waveform is greatly
rounded due to polarity inversion. This allows displaying an
image with high quality that is free from display unevenness
etc.

[0511] FIG. 79 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, and a gate-on
pulse Pw in the double pulse driving by progressive scan
where the polarity of a data signal voltage is inverted with
respect to every 10 rows with Vsc as a reference and where 2
horizontal periods (2H) right after inversion of the polarity is
regarded as a dummy insertion period. In the drawing, a
lateral direction represents time elapse and a longitudinal
direction represents individual rows of the gate lines (writing
rows) GL1-GLm to which gate-on pulses are applied.
[0512] As described above, by setting the length of a
dummy insertion period so as to include a time for an actual
data signal to reach a predetermined voltage after inversion of
the polarity, a data signal with the predetermined voltage is
written in individual pixels. Providing the dummy insertion
period in this manner allows increasing a reaching ratio of an
actual voltage to an application voltage in the source lines
SL1-SLn when writing pixel data after the inversion of the
polarity. This prevents display unevenness with respect to
every 10 rows which is caused by rounding of the data signal
waveform at the time of the inversion of the polarity.

[0513] In the above examples, the dummy insertion period
is 2H or 3H. Alternatively, the dummy insertion period may
be setto 4H or more according to the degree of rounding of the
data signal waveform after inversion of the polarity.

[0514] Inthe above driving, a gate-on pulse is applied such
that a time from a moment of polarity inversion to a moment
of an application start of a gate-on pulse Pw nearest to the
moment of polarity inversion among gate-on pulses Pw
applied after the moment of polarity inversion is equal to or
longer than a horizontal display period obtained by subtract-
ing a horizontal blanking period from a horizontal period.
[0515] As described above, a data signal applied on a
source line is normally designed such that the data signal has
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asignal waveform that allows a pixel to be charged within one
horizontal display period. Consequently, at a moment more
than one horizontal display period after a moment of polarity
inversion, the influence of rounding ofa data signal waveform
which is caused by the polarity inversion is prevented. This
allows preventing a pixel from being charged during a period
in which a data signal waveform is greatly rounded due to
polarity inversion, allowing high-quality display with sub-
dued display unevenness.

[0516] Inthe above configuration example, a gate-on pulse
Pw as a double pulse is applied by appropriately selecting a
gate clock GCK, a pulse width of a gate driver output control
signal GOE, and a selection signal SEL. Alternatively, the
configuration may be arranged not to use a selection signal
SEL. FIG. 90 shows a configuration of a main part of a gate
driver IC for applying a gate-on pulse Pw that is a double
pulse without using a selection signal SEL. The configuration
in FIG. 90 shows a gate driver unit for outputting a scanning
signal G to one gate line. The gate driver unit is a part of the
gate driver ICs 41n.

[0517] As shown in the drawing, the gate driver unit
includes a first flip-flop 461, a second flip-flop 462, a first
output mask 463, a second output mask 464, and an OR gate
465. The first flip-flop 461 receives a gate start pulse signal
GSP, operates in response to a gate clock signal GCK, and
outputs an output signal QA. The first flip-flop 462 receives
the output signal QA, operates in response to the gate clock
signal GCK, and outputs an output signal QB.

[0518] The first output mask 463 masks the output signal
QA with use of a gate driver output control signal GOE and
outputs the masked signal. The second output mask 464 out-
puts the output signal QB only during a period in which the
gate clock signal GCK is in L level. The OR gate 465 outputs,
as a scanning signal G, the result of OR logic operation of a
signal from the first output mask 463 and a signal from the
second output mask 464. Although not shown in the drawing,
the first flip-flop 461 outputs the output signal QA to a first
flip-flop of a gate driver unit in a subsequent stage and this
process is sequentially repeated. Thus, the gate driver units
constitute a shift register and serves as a gate driver.

[0519] The following explains an operation of the gate
driver 400 of the above configuration example with reference
to the waveform chart in FIG. 91. As shown in the waveform
chart, the display control circuit 200 generates, as a gate start
pulse signal GSP, a signal that gets H level only during a
period Tps corresponding to a pixel data writing pulse Pw,
and generates a gate clock signal GCK that gets H level only
during one horizontal scanning period (1H) right after polar-
ity inversion of a data signal and gets H level only during a
predetermined period with respect to each one horizontal
scanning period (1H).

[0520] When such gate start pulse signal GSP and such gate
clock signal GCK are supplied to the gate driver 400, an
output signal QA1 is output from the first flip-flop 461 in the
gate driver unit at the head.

[0521] The gate start pulse GSP is sequentially transmitted
through the gate driver units inaccordance with the gate clock
signal GCK. Accordingly, output signals QAk whose signal
waveform gets H level in accordance with fall of GCK and
gets L level in accordance with one-posterior fall of GCK are
output, sequentially and with a certain gap, from individual
stages of the connection shift registers.

[0522] Further, at timing when the polarity of a data signal
is inverted after GCK gets H level, GCK is kept at H level for
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1H. The pulse width of an output signal QAk varies according
to the operation of the clock GCK.

[0523] Inresponse to output of an output signal QAk from
the first flip-flop 461, the second flip-flop 462 outputs an
output signal QBk in accordance with GCK. That is, the
output signal QBk is obtained by delaying the output signal
QAk by 1H.

[0524] Further, as described above, the display control cir-
cuit 200 generates the gate driver output control signal GOE
to be supplied to the gate driver ICs 411-41¢ that constitute
the gate driver 400. This GOE is a signal that gets H level only
during 1H period right before polarity inversion of a data
signal and gets L level during other periods. By controlling a
pulse width of GOE when keeping H level, masking by the
first output mask 463 controls the length of a pre-charging
period of a scanning signal Gk. In accordance with the output
signal QBk and GCK, masking by the second output mask
464 sets a main charging period for the scanning signal Gk.
[0525] Consequently, pixel data writing pulses Pw with the
same pulse width are sequentially applied to the gate lines
GL1-GLm without using the selection signal SEL. This
makes the length of a charging period equal between a gate
line at which the polarity of a data signal is inverted and other
gate line, allowing prevention of the display unevenness.
[0526] Further, the present invention may be arranged so
that two series of gate driver units are provided for odd lines
and even lines, and input signals GSPa, GSPb, GCKa, GCKb,
GOEa, and GOEDb for odd lines and even lines are supplied to
the gate driver units for odd lines and the gate driver units for
even lines, respectively, as in the later-mentioned configura-
tion in FIG. 80, so as to realize block-divided interlace drive.
[0527] (Configuration and Operation of Gate Driver for
Realizing Double Pulse (2))

[0528] FIG. 80 shows an example of a configuration of a
gate driver IC 41 for realizing block-divided interlace driv-
ing in the above double pulse driving. As shown in FIG. 80,
the gate driver IC 41» includes a first shift register 42, a
second shift register 43, a logic circuit A, a logic circuit B, and
an output section 45.

[0529] The first shift register 42 is for odd lines and the
second shift register 43 is for even lines. The logic circuit A is
provided so as to correspond to an output from the first shift
register 42 and the logic circuit B is provided so as to corre-
spond to an output from the second shift register 43. The
output section 45 outputs scanning signals G1-Gp based on
output signals g1-gp from the logic circuits A and B.

[0530] The gate driver IC 41 receives start pulse signals
SPia and SPib and clock signals CKa and CKb that are sup-
plied from the outside to respective shift registers, output
control signals OFa and OEb, and selection signals SELa and
SELb. The start pulse signals SPia and SPib are supplied to
input terminals of the first shift register 42 and the second
shift register 43, respectively, and start pulse signals SPoa and
SPob to be supplied to a subsequent gate driver IC are output
from output terminals of the first shift register 42 and the
second shift register 43, respectively.

[0531] Each of the logic circuits A and B includes a first
AND gate 441, asecond AND gate 442, a third AND gate 443,
and a first OR gate 444.

[0532] Inan odd stage (corresponding to Q(4k-3) (k=1, 2.
..)) of the logic circuit A, the first AND gate 441 receives the
output control signal OFa and a logic inversion signal of the
selection signal SELa, the second AND gate 442 receives the
clock signal CKa and the selection signal SELa, the first OR
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gate 444 receives outputs of the first AND gate 441 and the
second AND gate 442, the third AND gate 443 receives a
logic inversion signal of an output of the first OR gate 444 and
an output signal Q(4k-3) from an odd stage of the shift
register.

[0533] Inan even stage (corresponding to Q(4k-1) (k=1, 2
... ) of thelogic circuit A, the first AND gate 441 receives the
output control signal OEa and the selection signal SELa, the
second AND gate 442 receives the clock signal CKa and a
logic inversion signal of the selection signal SELa, the first
OR gate 444 receives outputs of the first AND gate 441 and
the second AND gate 442, the third AND gate 443 receives a
logic inversion signal of an output of the first OR gate 444 and
an output signal Q(4k-1) from an odd stage of the shift
register.

[0534] Inan odd stage (corresponding to Q(4k-2) (k=1, 2.
..)) of the logic circuit B, the first AND gate 441 receives the
output control signal OEb and a logic inversion signal of the
selection signal SELb, the second AND gate 442 receives the
clock signal CKb and the selection signal SELDb, the first OR
gate 444 receives outputs of the first AND gate 441 and the
second AND gate 442, the third AND gate 443 receives a
logic inversion signal of an output of the first OR gate 444 and
an output signal Q(4k-2) from an odd stage of the shift
register 46.

[0535] Inan even stage (corresponding to Q(4k) (k=1,2 ..
. )) of the logic circuit B, the first AND gate 441 receives the
output control signal OEb and the selection signal SELb, the
second AND gate 442 receives the clock signal CKb and a
logic inversion signal of the selection signal SELb, the first
OR gate 444 receives outputs of the first AND gate 441 and
the second AND gate 442, the third AND gate 443 receives a
logic inversion signal of an output of the first OR gate 444 and
an output signal Q(4k) from an odd stage of the shift register.

[0536] The gate driver 400 of the present configuration
example is realized by cascade-connecting plural number of
(q) gate driver ICs 411-41¢ each having the above configu-
ration. That is, output terminals of the first shift register 42
and the second shift register 43 in the gate driver IC 41z are
connected with input terminals of the first shift register 42 and
the second shift register 43 in the next gate driver IC so that
the first shift registers 42 and the second shift registers 43 in
the gate driver ICs 411-41¢ form one shift register.

[0537] It should be noted that input terminals of the first
shift register 42 and the second shift register 43 in the gate
driver IC 411 at the head receive gate start pulse signals GSPa
and GSPb from the display control circuit 200, respectively,
and output terminals of the first shift register 42 and the
second shift register 43 in the gate driver IC 41¢ atthe end are
not connected with the outside. Further, gate clock signals
GCKa and GCKb, output control signals GOFEa and GOEDb,
and selection signals SELa and SELb from the display control
circuit 200 are supplied as clock signals CKa and CKb, output
control signals OFa and OEb, and selection signals SELa and
SELb to each gate driver IC 41n.

[0538] With reference to waveform charts in FIGS. 81 and
82, the following explains the operation of the gate driver 400
of the above configuration example. FIG. 81 shows a timing
chart of a latch strobe signal LS, a data signal, a polarity POL
of a data signal, gate start pulse signals GSPa and GSPb, gate
clock signals GCKa and GCKb, output control signals GOEa
and GOEDb, selection signals SELa and SELb, and an output
signal Qn. FIG. 82 shows a timing chart, corresponding to
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FIG. 81, of a latch strobe signal LS, a data signal, a polarity
POL of a data signal, and a scanning signal Gn.

[0539] As shown in the waveform chart, the display control
circuit 200 generates a gate start pulse signal GSP (GSPa for
odd line and GSPb for even line) serving as a signal that gets
H level only during a period Tspw corresponding to a pixel
data writing pulse Pw, and generates a gate clock signal GCK
(GCKa for odd line and GCKb for even line) that gets H level
basically only for a predetermined period with respect to 1
horizontal scanning period (1H) except for a moment right
after polarity inversion of a data signal.

[0540] When the gate start pulse signal GSP and the gate
clock signal GCK (GCKa and GCKb) are input to the gate
driver 400, output signals Q1 and Q2 are output from first
stages of the first shift register 42 and the second shift register
43 in the gate driver IC 411 at the head. Each of the output
signals Q1 and Q2 includes a pulse Pqw corresponding to a
pixel data writing pulse Pw in each frame period.

[0541] The pulse Pqw is sequentially transmitted through
connection shift registers of the gate driver 400 in accordance
with the gate clock signal GCK. Accordingly, output signals
Qn whose signal waveform gets H level in accordance with
riseof GCK and gets L level in accordance with two-posterior
rise of GCK are output, sequentially and with a certain gap,
from individual stages of the connection shift registers.
[0542] GCK consists of GCKa for controlling output of odd
stages and GCKb for controlling output of even stages. These
clock signals maintain H level in connection with inversion of
the polarity POL of a data signal, and when a dummy inser-
tion period (1H) has elapsed after one more inversion of the
polarity of a data signal, the clock signals get L level, restart-
ing basic operation of getting H level for a predetermined
period with respect to 1H. The length of the waveform Pqw of
the output signal Qk varies depending on the operation of the
clock (GCKa and GCKb).

[0543] Further, as described above, the display control cir-
cuit 200 generates the gate driver output control signal GOE
(GOEa and GOEDb) and the selection signals SELa and SELb
to be supplied to the gate driver ICs 411-41¢ that constitute
the gate driver 400. One of GCK and GOE is selected in
response to the selection signal SEL, the pulse width of the
pulse Pqw is adjusted in response to the selected one, and the
pixel data writing pulse Pw is set. In the drawing, “OFEa(b)”
and “CKa(b)” described in the pulse widths of Pqw and Pw
indicate portions controlled in response to GOEa(b) and
GCKa(b), respectively.

[0544] Inthe gate driver IC chips 41x (n ranges from 1 to q),
the first and second AND gates 441 and 442, the first OR gate
444, and the third AND gate 443 generate internal scanning
signals gl to gp in accordance with output signals Qk (k
ranges from 1 to p) from individual stages of the shift regis-
ters, the gate clock signals GCK, the gate driver output control
signals GOE, and the selection signals SEL. The internal
scanning signals gl-gp are subjected to level conversion by
the output section 45 and scanning signals G1 to Gp to be
applied on the gate lines GL1 to GLm are output.

[0545] Consequently, pixel data writing pulses Pw with the
same pulse width are sequentially applied to the gate lines
GL1-GLm. This allows making the length of a charging
period equal between a gate line at which the polarity ofa data
signal is inverted and other gate line, allowing prevention of
the display unevenness.

[0546] The present invention may be arranged so that as
shown in FIGS. 83 and 84, in accordance with inversion of a
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polarity POL of a data signal, a period in which GOEa gets L.
level with a predetermined cycle (1H) and with a predetet-
mined pulse width and a period in which GOEb gets L level
with a predetermined cycle (1H) and with a predetermined
pulse width are switchable with each other. In this case, by
adjusting the lengths of a period in which GOEa gets L level
and a period in which GOEb gets L level, it is possible to
adjust the pulse width of the pixel data writing pulse Pw.
[0547] FIG. 85 shows a timing chart of a data signal wave-
form, a data signal, a latch strobe signal LS, a gate-on pulse
Pw, and a CS signal in the double pulse driving by block-
divided interlace scan where the number o of scanning lines
in one block is 20 and where 1 horizontal period (1H) right
after polarity inversion of a data signal is regarded as a first
dummy insertion period, 1 horizontal period (1H) prior to
polarity inversion of a data signal by 5 horizontal periods (5H)
is regarded as a second dummy insertion period, and CS
signals during periods to which the first and second insertion
periods are inserted are made to include insertion of CS signal
dummy periods corresponding to 1H, respectively. Further,
FIG. 86 shows a driving example in which each of the first and
second dummy insertion periods is 2H. The driving in FIG. 85
and the driving in FIG. 86 are similar to the driving in FIG. 26
and the driving in FIG. 30 except that the pulse width of the
gate-on pulse Pw is a double pulse, and therefore explana-
tions there of are omitted here.

[0548] [Configuration of Television Receiver]

[0549] Next, the following explains one example of con-
figuration of applying the liquid crystal display device
according to the present invention to a television receiver.
FIG. 49 is a block diagram showing a configuration of a
display device 800 for a television receiver. The display
device 800 includes a Y/C separation circuit 80, a video
chroma circuit 81, an A/D converter 82, a liquid crystal con-
troller 83, a liquid crystal panel 84, a backlight drive circuit
85, a backlight 86, a microcomputer 87, and a gradation
circuit 88. The liquid crystal panel 84 corresponds to the
liquid crystal display device of the present invention, and
includes: a display section including active matrix pixel
arrays; and a source driver and a gate driver each for driving
the display section.

[0550] In the display device 800 of the aforementioned
configuration, a complex color video signal Scv as a televi-
sion signal is inputted from the outside to the Y/C separation
circuit 80. In the Y/C separation circuit 80, the complex color
video signal Scv is separated into a luminance signal and a
color signal. The luminance signal and the color signal are
converted to analog RGB signals corresponding to three fun-
damental colors of light in the video chroma circuit 81. Fur-
ther, the analog RGB signals are converted to digital RGB
signals by the A/D converter 82. The digital RGB signals are
inputted to the liquid crystal controller 83. Moreover, in the
Y/C separation circuit 80, horizontal and vertical sync signals
are extracted from the complex color video signal Scv input-
ted from the outside. These sync signals are also inputted to
the liquid crystal controller 83 via the microcomputer 87.
[0551] The liquid crystal controller 83 outputs data signals
for drivers based on the digital RGB signals (corresponding to
the aforementioned digital video signals Dv) from the A/D
converter 82. Further, the liquid crystal controller 83 gener-
ates, based on the sync signals, timing control signals for
causing the source driver and the gate driver in the liquid
crystal panel 84 to operate as in the above Embodiments, and
supplies the timing control signals to the source driver and the
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gate driver. Further, in the gradation circuit 88, gradation
voltages of three fundamental colors R, G, and B of color
display are generated, and these gradation voltages are also
supplied to the liquid crystal panel 84.

[0552] Inthe liquid crystal panel 84, drive signals (e.g., data
signals and scanning signals) are generated by the source and
gate drivers inside the liquid crystal panel 84 in accordance
with the data signals for drivers, the timing control signals,
and the gradation voltages. A color image is displayed on a
display section inside the liquid crystal panel 84 in accor-
dance with the drive signals. It should be noted that for dis-
playing an image by the liquid crystal panel 84, light needs to
be irradiated from a rear of the liquid crystal panel 84. In the
display device 800, the backlight drive circuit 85 drives the
backlight 86 under control by the microcomputer 87 and
thereby light is irradiated on a back side of the liquid crystal
panel 84.

[0553] Control of the whole system, including the afore-
mentioned processes is carried out by the microcomputer 87.
As the video signal (complex color video signal) inputted
from the outside, not only a video signal in accordance with
television broadcast but also a video signal picked up by a
camera or supplied via the Internet line is also usable. In the
display device 800, image display in accordance with various
video signals can be performed.

[0554] In displaying an image by the display device 8§00 in
accordance with television broadcast, a tuner section 90 is
connected to the display device 800, as shown in F1G. 50. The
tuner section 90 extracts a channel signal to be received from
waves (high-frequency signals) received by an antenna (not
illustrated), and converts the channel signal to an intermediate
frequency signal. The tuner section 90 detects the intermedi-
ate frequency signal, thereby extracting the complex color
video signal Scv as the television signal. The complex color
video signal Scv is inputted to the display device 800 as
described above and an image is displayed by the display
device 800 in accordance with the complex color video signal
Scv.

[0555] FIG. 51 is an exploded perspective view showing
one example of mechanical configuration where the display
device of the above configuration is used as a television
receiver. In the example shown in FIG. 51, the present tele-
vision receiver includes, as constituent features thereof, a first
housing 801 and a second housing 806 in addition to the
display device 800. The liquid crystal display device 800 is
arranged such that the first and second housings 801 and 806
hold the display device 800 so as to wrap therein the display
device 800. The first housing 801 has an opening 801a for
transmitting an image displayed on a display device 800. On
the other hand, the second housing 806 covers a back side of
the display device 800. The second housing 806 is provided
with an operating circuit 805 for operating the display device
800. The second housing 806 is further provided with a sup-
porting member 808 therebelow.

[0556] The invention being thus described, it will be obvi-
ous that the same way may be varied in many ways. Such
variations are not to be regarded as a departure from the spirit
and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

[0557] For convenience of explanation, data signal lines are
provided so as to extend in a column direction and scanning
signal lines are provided so as to extend in a row direction. It
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is needless to say that the present invention also encompasses
a configuration in which the screen is rotated by 90 degrees.

INDUSTRIAL APPLICABILITY

[0558] The liquid crystal display device of the present
invention is applicable to various display devices such as a
monitor for a personal computer and a television receiver.

1. An active-matrix liquid crystal display device, including
scanning signal lines extending in a row direction, data signal
lines extending in a column direction, and pixels provided so
as to respectively correspond to intersections of the scanning
signal lines and the data signal lines,

the liquid crystal display device comprising:

a scanning signal driving section for sequentially applying
gate-on pulses on the scanning signal lines, each of the
gate-on pulses causing a scanning signal line to be in a
selected state; and

a data signal driving section for applying data signals on
the data signal lines such that a polarity of a data signal
is inverted with respect to predetermined plural number
of horizontal periods in one frame period,

the scanning signal line driving section applying gate-on
pulses such that

a period from a moment of polarity inversion of a data
signal to a moment of an application start of a gate-on
pulse nearest to the moment of the polarity inversion
among gate-on pulses applied after the polarity inver-
sion is equal to or longer than a horizontal display period
obtained by subtracting a horizontal blanking period
from a horizontal period.

2. A method for driving an active-matrix liquid crystal
display device, including scanning signal lines extending ina
row direction, data signal lines extending in a column direc-
tion, and pixels provided so as to respectively correspond to
intersections of the scanning signal lines and the data signal
lines,

the method comprising the steps of:

(i) sequentially applying gate-on pulses on the scanning
signal lines, each of the gate-on pulses causing a scan-
ning signal line to be in a selected state; and

(i1) applying data signals on the data signal lines such that
a polarity of a data signal is inverted with respect to
predetermined plural number of horizontal periods in
one frame period,

in the step (i), gate-on pulses being applied such that

a period from a moment of polarity inversion of a data
signal to a moment of an application start of a gate-on
pulse nearest to the moment of the polarity inversion
among gate-on pulses applied after the polarity inver-
sion is equal to or longer than a horizontal display period
obtained by subtracting a horizontal blanking period
from a horizontal period.

3. The liquid crystal display device as set forth in claim 1,
wherein the scanning signal driving section applies gate-on
pulses such that a period from a moment of polarity inversion
of adata signal to amoment of an application start of a gate-on
pulse nearest to the moment of the polarity inversion among
gate-on pulses applied after the polarity inversion is equal to
or less than 0.8 msec.

4. The liquid crystal display device as set forth in claim 1,
wherein the scanning signal driving section applies gate-on
pulses on all of the scanning signal lines such that each of the
gate-on pulses has a same pulse width.
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5. The liquid crystal display device as set forth in claim 1,
wherein

the scanning signal lines are divided into one or more
blocks, and scanning signal lines included in each block
are divided into plural groups,

the scanning signal driving section sequentially scans
blocks of scanning signal lines and sequentially scans
groups of scanning signal lines in each block such that
the scanning signal lines in each block are interlace-
scanned, and

the data signal driving section applies data signals on the
data signal lines such that a polarity of a data signal is
inverted at a moment of switching groups of scanning
signal lines to be scanned.

6. The liquid crystal display device as set forth in claim 1,
further comprising a display control circuit for supplying, to
the data signal driving section, a data signal and a data signal
application control signal for controlling timing with which
the data signal driving section applies the data signal on a data
signal line,

the display control circuit not supplying the data signal
application control signal to the data signal driving sec-
tion during a period from a moment of polarity inversion
of a data signal to a moment of an application start of a
gate-on pulse nearest to the moment of the polarity
inversion among gate-on pulses applied after the
moment of the polarity inversion.

7. The liquid crystal display device as set forth in claim 1,
further comprising a display control circuit for supplying, to
the data signal driving section, a data signal and a data signal
application control signal for controlling timing with which
the data signal driving section applies the data signal ona data
signal line,

a plurality of video data that respectively correspond to
data signal lines being sequentially supplied from an
external signal source to the display control circuit with
an interval between the plurality of video data, and

the display control circuit regards certain number of video
data as a set in accordance with polarity inversion,
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inserts dummy data at a predetermined position of the
set, assigns a dummy insertion period to an output of a
signal potential corresponding to the dummy data, and
assigns a horizontal period shorter than the interval to an
output of a signal potential corresponding to each video
data.

8. The liquid crystal display device as set forth in claim 1,
further comprising a display control circuit for supplying, to
the data signal driving section, a data signal and a data signal
application control signal for controlling timing with which
the data signal driving section applies the data signal on a data
signal line,

a plurality of video data that respectively correspond to
data signal lines being sequentially supplied from an
external signal source to the display control circuit with
an interval between the plurality of video data, and

the display control circuit regards certain number of video
data as a set in accordance with polarity inversion,
assigns one or more dummy insertion periods as well as
one horizontal period to an output of a signal potential
corresponding to predetermined video data in each set,
and assigns a horizontal period shorter than the interval
to outputs of signal potentials respectively correspond-
ingtoindividual video data other than the predetermined
video data in each set.

9. The liquid crystal display device as set forth in claim 1,
wherein the scanning signal driving section provides: a main
charging period in which the scanning signal driving section
causes one of the scanning signal lines to be in a selected state
such that the data signal lines apply voltages on individual
pixels; and a pre-charging period in which the scanning signal
driving section causes said one of the scanning signal lines to
be in a selected state before the main charging period.

10. A television receiver, comprising a liquid crystal dis-
play device as set forth in claim 1, and a tuner section for
receiving television broadcasting.
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