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LIQUID CRYSTAL DISPLAY, LIQUID
CRYSTAL DISPLAY DRIVING METHOD, AND
TELEVISION RECEIVER

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play capable of simultaneously writing data in a plurality of
pixels in one pixel column.

BACKGROUND ART

[0002] Liquidcrystal displays are becoming larger and hav-
ing higher definitions. However, this raises the increase in the
number of pixels and the increase in wiring resistance etc. of
data signal lines, with a result that it is getting difficult to
sufficiently charge individual pixels. In order to deal with this
problem, Patent Literature 1 discloses an arrangement in
which two data signal lines are provided for one pixel column
and scanning signal lines respectively connected with adja-
cent two pixels are selected simultaneously. The polarity of a
signal potential supplied to individual data signal lines is
inverted with respect to each frame. This arrangement allows
simultaneously writing signal potentials in adjacent two pix-
els, thereby increasing a time for charging one pixel.
[0003] [Patent Literature 1] Japanese Patent Application
Publication, Tokukaihei, No. 10-253987 A (publication
date: Sep. 25, 1998)

SUMMARY OF INVENTION

[0004] However, the arrangement disclosed in Patent Lit-
erature 1 is problematic in that the polarities of signal poten-
tials to be written in individual pixels in one frame are the
same and scanning signal lines connected with adjacent two
pixels respectively are made ON/OFF simultaneously (the
two pixels flicker simultaneously), resulting in highly notice-
able flickers.

[0005] The present invention was made in view of the fore-
going problems. An object of the present invention is to
provide a liquid crystal display capable of increasing a time
for charging one pixel while reducing flickers.

[0006] A liquid crystal display of the present invention is a
liquid crystal display, having pixels aligned in a row direction
and a column direction, the row direction being a direction in
which scanning signal lines are extended, the liquid crystal
display comprising pixel columns, first data signal lines, and
second data signal lines, a first data signal line and a second
data signal line being provided for each pixel column, one
pixel included in the pixel column being connected with a
scanning signal line and one of the first data signal line and the
second data signal line, and signal potentials with opposite
polarities being supplied to the first data signal line and the
second data signal line, respectively, in a case where a prede-
termined pixel in the pixel column is regarded as a first pixel
from which counting of a pixel starts, an odd-number-posi-
tioned pixel and an even-number-positioned pixel in a scan-
ning direction are paired, n (n is a natural number) pairs are
regarded as a group, and each group is given a count number,
each group being configured such that two pixels in each pair
are connected with different data signal lines and when n is
two or more, each odd-number-positioned pixel is connected
with one data signal line, and in two groups with successive
count numbers, an odd-number-positioned pixel in one group
and an odd-number-positioned pixel in the other group being
connected with different data signal lines. Here, a period
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during which a potential corresponding to one pixel is sup-
plied to a data signal line is regarded as one horizontal scan-
ning period (1H).

[0007] The liquid crystal display of the present invention
may be arranged such that, for example, a polarity of a signal
potential supplied to a data signal line is inverted with respect
to n horizontal scanning period, and a group is selected
according to the count number, in the selected group, scan-
ning signal lines respectively connected with two pixels in a
pair are simultaneously selected, and when n is 2 or more, the
simultaneous selection is sequentially performed with respect
to each pair. This allows simultaneously selecting two scan-
ning signal lines and at the same time dot-inverting individual
pixels of the pixel column. This allows reducing flickers by
dot-inverting individual pixels and at the same time lengthens
one horizontal scanning period by simultaneously selecting
two scanning signal lines so that a time for charging a pixel is
increased.

[0008] Further, in this configuration of the present inven-
tion, when the length of one horizontal scanning period is set
to be the same as that in a comparative configuration where
scanning signal lines are selected one by one, it is possible to
scan twice the number of scanning signal lines compared with
the comparative configuration, and when the number of scan-
ning signal lines is set to be the same as that in the compara-
tive configuration, it is possible to make the length of one
horizontal scanning period twice. Accordingly, the liquid
crystal display of the present invention is preferably used for
double speed driving in which the number of frames per unit
time (e.g. the number of frames, the number of sub-frames,
and the number of fields) is doubled (e.g. 120 frames/sec).
Double speed driving inevitably results in a shorter time for
charging a pixel. However, employing the configuration of
the present invention allows securing a sufficient time for
charging a pixel. Further, the liquid crystal display of the
present invention may be preferably used for a digital-cin-
ema-standard liquid crystal display having 2160 scanning
signal lines and a super-high-vision-standard liquid crystal
display having 4320 scanning signal lines.

[0009] The liquid crystal display of the present invention
may be arranged such that the odd-number-positioned pixel
and the even-number-positioned pixel in a pair are adjacent to
each other. In this case, each pixel other than 2xnxi+1* (iis a
natural number) pixel and its upstream-adjacent pixel which
are adjacent thereto upstream in the scanning direction are
connected with different data signal lines and the 2xnxi+1*
pixel and its upstream-adjacent pixel are connected with a
same data signal line, and the scanning signal lines are
sequentially selected with starting from a scanning signal line
connected with the predetermined pixel in such a manner that
adjacent two scanning signal lines are selected simulta-
neously.

[0010] Inthe liquid crystal display of the present invention,
n may be 1. Inverting a signal potential supplied to a data
signal line with respect to one horizontal scanning period
allows a liquid crystal display with a large size, high defini-
tion or high speed driving to greatly reduce unevenness in
reached potential (charge ratio) during a current horizontal
scanning period due to a difference in the levels of potentials
supplied to the same data signal line during the previous
horizontal scanning period.

[0011] A liquid crystal display of the present invention is a
liquid crystal display, having pixels aligned in a row direction
and a column direction, the row direction being a direction in
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which scanning signal lines are extended, the liquid crystal
display comprising pixel columns, first data signal lines, and
second data signal lines, a first data signal line and a second
data signal line being provided for each pixel column, one
pixel included in the pixel column being connected with a
scanning signal line and one of the first data signal line and the
second data signal line, and signal potentials with opposite
polarities being supplied to the first data signal line and the
second data signal line, respectively, in a case where a prede-
termined pixel in the pixel column is regarded as a first pixel
from which counting of a pixel starts, an odd-number-posi-
tioned pixel and an even-number-positioned pixel counted in
a scanning direction are paired, and each pair is given a count
number, two pixels in each pair being connected with differ-
ent data signal lines, and an odd-number-positioned pixel in
one of two pairs with successive count numbers and an odd-
number-positioned pixel in the other of the two pairs with
successive count numbers being connected with a same data
signal line.

[0012] The liquid crystal display of the present invention
may be arranged such that a polarity of a signal potential
supplied to each data signal line is inverted with respect to
each vertical scanning period, and simultaneous selection of
scanning signal lines that are respectively connected with two
pixels in a pair is performed according to the count number
with respect to each pair. This allows simultaneously select-
ing two scanning signal lines and at the same time dot-invert-
ing individual pixels of the pixel column. This allows reduc-
ing flickers by dot-inverting individual pixels and at the same
time lengthens one horizontal scanning period by simulta-
neously selecting two scanning signal lines so that a time for
charging a pixel is increased.

[0013] Further, in this configuration of the present inven-
tion, when the length of one horizontal scanning period is set
to be the same as that in a comparative configuration where
scanning signal lines are selected one by one, it is possible to
scan twice the number of scanning signal lines compared with
the comparative configuration, and when the number of scan-
ning signal lines is set to be the same as that in the compara-
tive configuration, it is possible to make the length of one
horizontal scanning period twice. Accordingly, the liquid
crystal display of the present invention is preferably used for
double speed driving in which the number of frames per unit
time is doubled (e.g. 120 frames/sec). Double speed driving
inevitably results in a shorter time for charging a pixel. How-
ever, employing the configuration of the present invention
allows securing a sufficient time for charging a pixel. Further,
the liquid crystal display of the present invention may be
preferably used for a digital-cinema-standard liquid crystal
display having 2160 scanning signal lines and a super-high-
vision-standard liquid crystal display having 4320 scanning
signal lines.

[0014] The liquid crystal display of the present invention
may be arranged such that the odd-number-positioned pixel
and the even-number-positioned pixel in a pair are adjacent to
each other. In this case, the liquid crystal display may be
arranged such that pixels positioned at downstream side in a
scanning direction from the predetermined pixel and a pixel at
an upstream-adjacent position of said each pixel are con-
nected with different data signal lines, and scanning signal
lines are selected with starting from a scanning signal line
connected with the predetermined pixel in such a manner that
adjacent two scanning lines are selected simultaneously.
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[0015] The liquid crystal display of the present invention
may be arranged such that pixels in one pixel row are con-
nected with one scanning signal line, a first data signal line for
one of adjacent two pixel columns and a first data signal line
for the other of the adjacent two pixel columns are supplied
with a signal potential with a same potential, and connections
with a first data signal line and a second data signal line are
made oppositely between pixels adjacent in a row direction.
This allows dot-inverting pixels in the pixel row.

[0016] In this case, the liquid crystal display of the present
invention may be arranged such that a first data signal line and
a second data signal line for a pixel column are provided at
both sides of the pixel column, and a first data signal line for
one of adjacent two pixel columns and a first data signal line
for the other of the adjacent two pixel columns are adjacent to
each other without a pixel column therebetween or a second
data signal line for one of adjacent two pixel columns and a
second data signal line for the other of the adjacent two pixel
columns are adjacent to each other without a pixel column
therebetween. This arrangement causes signal potentials sup-
plied to two data signal lines adjacent to each other (closest to
each other) without a pixel column therebetween to always
have the same polarity. This allows reducing power consump-
tion due to parasitic capacitance between the two data signal
lines, thereby reducing a load on a source driver.

[0017] The liquid crystal display of the present invention
may be arranged such that a first data signal line and a second
data signal line for a pixel column are provided at both sides
of the pixel column, and a first data signal line for one of
adjacent two pixel columns and a second data signal line for
the other of the adjacent two pixel columns are adjacent to
each other without a pixel column therebetween or a second
data signal line for one of adjacent two pixel columns and a
first data signal line for the other of the adjacent two pixel
columns are adjacent to each other without a pixel column
therebetween.

[0018] A liquid crystal display of the present invention is a
liquid crystal display, having pixels aligned in a row direction
and a column direction, the row direction being a direction in
which scanning signal lines are extended, the liquid crystal
display comprising pixel columns, first data signal lines, and
second data signal lines, a first data signal line and a second
data signal line being provided for each pixel column, one
pixel included in the pixel column being connected with a
scanning signal line and one of the first data signal line and the
second data signal line, and signal potentials with opposite
polarities being supplied to the first data signal line and the
second data signal line, respectively, in a case where a prede-
termined pixel in the pixel column is regarded as a first pixel
from which counting of pixel starts, two odd-number-posi-
tioned pixels counted in a scanning direction are paired and
two even-number-positioned pixels counted in the scanning
direction are paired, and a group including n (n is a natural
number) pair consisting of two odd-number-positioned pixels
and a group including n pair consisting of two even-number-
positioned pixels are alternately given count numbers, two
pixels in each pair are connected with different data signal
lines, and a polarity of a signal potential supplied to a data
signal line is inverted with respect to n (n is a natural number)
horizontal scanning period.

[0019] The liquid crystal display of the present invention
may be arranged such that, for example, a group is selected
according to the count number, in the selected group, scan-
ning signal lines respectively connected with two pixels in a
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pair are simultaneously selected, and when n is 2 or more, the
simultaneous selection is sequentially performed with respect
to each pair. This allows dot-inverting pixels of the pixel
column while simultaneously selecting two scanning signal
lines. This allows reducing flickers by dot-inverting indi-
vidual pixels and at the same time lengthens one horizontal
scanning period by simultaneously selecting two scanning
signal lines so that a time for charging a pixel is increased.

[0020] Further, in this configuration of the present inven-
tion, when the length of one horizontal scanning period is set
to be the same as that in a comparative configuration where
scanning signal lines are selected one by one, it is possible to
scan twice the number of scanning signal lines compared with
the comparative configuration, and when the number of scan-
ning signal lines is set to be the same as that in the compara-
tive configuration, it is possible to make the length of one
horizontal scanning period twice. Accordingly, the liquid
crystal display of the present invention is preferably used for
double speed driving in which the number of frames per unit
time is doubled (e.g. 120 frames/sec). Double speed driving
inevitably results in a shorter time for charging a pixel. How-
ever, employing the configuration of the present invention
allows securing a sufficient time for charging a pixel. Further,
the liquid crystal display of the present invention may be
preferably used for a digital-cinema-standard liquid crystal
display having 2160 scanning signal lines and a super-high-
vision-standard liquid crystal display having 4320 scanning
signal lines.

[0021] The liquid crystal display of the present invention
may be arranged such that a polarity of a signal potential
supplied to a first data signal line and a second data signal line
for one of adjacent two pixel columns is different from a
polarity of a signal potential supplied to a first data signal line
and a second data signal line for the other of the adjacent two
pixel columns. This allows dot-inverting pixels of the pixel
column. The liquid crystal display of the present invention
may be arranged such that the two pixels in each pair are two
pixels with successive odd count numbers or two pixels with
successive even count numbers.

[0022] The liquid crystal display of the present invention
may be arranged such that there are provided a plurality of
retention capacitance lines whose potentials are controllable
(e.g. retention capacitance lines to which retention capaci-
tance line signals are supplied), the pixel includes a first
transistor, second transistor, a first pixel electrode, and a
second pixel electrode, the first pixel electrode and the second
pixel electrode are connected with a same data signal line via
the first transistor and the second transistor, respectively, the
first transistor and the second transistor are connected with
the scanning signal line, the first pixel electrode and the
second pixel electrode form retention capacitances with dif-
ferent retention capacitance lines, respectively, potentials of
the two different retention capacitance lines with which the
first pixel electrode and the second pixel electrode form reten-
tion capacitances (e.g. potentials of retention capacitance line
signals supplied to the two retention capacitance lines,
respectively) are caused to shift their levels in an opposite
direction to each other in synchronization with or after
completion of scanning of the scanning signal line with which
the first transistor and the second transistor are connected.
This allows the liquid crystal display to display a halftone
based on a configuration that one pixel includes a bright
sub-pixel and a dark sub-pixel, thereby improving a viewing
angle characteristic while displaying a halftone. In this case,
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the liquid crystal display of the present invention may be
arranged such that a retention capacitance line is provided for
two pixels adjacent in a column direction, and a first pixel
electrode or a second pixel electrode provided in one of the
two pixels and a first pixel electrode or a second pixel elec-
trode provided in the other of the two pixels form retention
capacitances with the retention capacitance line. This
arrangement allows two pixels to share one retention capaci-
tance line, thereby reducing the number of retention capaci-
tance lines. Further, the liquid crystal display of the present
invention is configured such that each pixel can be dot-in-
verted. Accordingly, even when two pixels share one reten-
tion capacitance line as in the present arrangement, it is pos-
sible to position bright sub-pixels and dark sub-pixels in a
checkered pattern, thereby preventing bright sub-pixels from
being adjacent to each other or preventing dark sub-pixels
from being adjacent to each other in one pixel column. This
allows improving a viewing angle characteristic while sub-
duing jaggyness.

[0023] The liquid crystal display of the present invention
may be arranged such that during each horizontal scanning
period, the first data signal line and the second data signal line
are supplied with a preliminary potential (e.g. refresh poten-
tial) and thereafter with the signal potential. Supplying a
preliminary potential at the beginning of each horizontal
scanning period in this manner allows a liquid crystal display
with a large size, high definition or high speed driving to
reduce variations in reached potential (charge ratio) during a
current horizontal scanning period due to a difference in the
levels of potentials supplied to the same data signal line
during the previous horizontal scanning period.

[0024] The liquid crystal display of the present invention
may be arranged such that an intermediate selection period is
provided between scanning periods for a scanning signal line
in accordance with timing of supplying the preliminary
potential, and the preliminary potential is written in a pixel
connected with the scanning signal line during the interme-
diate selection period. This allows each pixel to display a
specific image (e.g. black display) during a part of one frame
period, thereby reducing tailing etc. when displaying moving
images. This improves the quality of moving images.

[0025] The liquid crystal display of the present invention
may be arranged such that the preliminary potential has a
constant value. By making the preliminary potential constant,
it becomes easy to supply the preliminary potential. In this
case, the constant value is a middle value of a range of the
signal potential. This causes the preliminary potential of a
normally-black-mode liquid crystal display to be a black
display potential. Further, the preliminary potential may be
determined based on a signal potential supplied to a data
signal line during the previous horizontal scanning period and
a signal potential to be supplied to the data signal line during
a current horizontal scanning period. This allows more effec-
tively subduing variations in reached potential (charge ratio)
during a current horizontal scanning period due to a differ-
enceinthelevels of potentials supplied to the same data signal
line during the previous horizontal scanning period.

[0026] The liquid crystal display of the present invention
may be arranged such that one of the first data signal line and
the second data signal line is provided at one side of the pixel
column and the other of the first data signal line and the
second data signal line is provided in such a manner as to
overlap the pixel column. This configuration allows maintain-
ing a wider distance between the data signal lines, compared
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with a configuration in which data signal lines for a pixel
column are provided at both sides of the pixel column, respec-
tively. This allows reducing the ratio of short-circuits between
data signal lines, thereby increasing the yield ratio of prod-
ucts.

[0027] The liquid crystal display of the present invention
may be arranged such that the simultaneously selected scan-
ning signal lines are connected in a liquid crystal panel or
connected with a same output of a gate driver for driving the
scanning signal lines.

[0028] The liquid crystal display of the present invention
may be arranged such that a display section includes a plu-
rality of domains, and each of the plurality of domains
includes data signal lines, scanning signal lines, and pixels,
and the data signal lines, scanning signal lines, and the pixels
included in each domain are driven with respect to said each
domain.

[0029] The present arrangement is preferably applicable to
a liquid crystal display in which the number of frames dis-
played per one second (e.g. the number of frames, the number
of sub-frames, the number of fields) is more than 60 (e.g. a
liquid crystal display with 120 frames/sec).

[0030] The liquid crystal display of the present invention
may be arranged such that there are provided a plurality of
retention capacitance lines whose potentials are controllable,
each pixel includes a first transistor, a second transistor, a first
pixel electrode, and a second pixel electrode, the first pixel
electrode and the second pixel electrode are connected with a
same data signal line via the first transistor and the second
transistor, respectively, the first transistor and the second tran-
sistor are connected with a same scanning signal line, the first
pixel electrode and the second pixel electrode form retention
capacitances with different retention capacitance lines,
respectively, a retention capacitance line is provided for adja-
cent two pixels in the pixel column, one of a first pixel elec-
trode and a second pixel electrode of one of the adjacent two
pixels and one of a first pixel electrode and a second pixel
electrode of the other of the adjacent two pixels form reten-
tion capacitances with the retention capacitance line provided
for the two pixels, retention capacitance lines that form reten-
tion capacitances with a first pixel electrode and a second
pixel electrode in a first-positioned pixel positioned first
among all the pixels are first-positioned and second-posi-
tioned retention capacitance lines, the second-positioned
retention capacitance line also forms retention capacitance
with one of a first pixel electrode and a second pixel electrode
of a second-positioned pixel positioned second among all the
pixels, and at a time of completion of writing of the first-
positioned and second-positioned pixels or after the comple-
tion, potentials of the first-positioned and second-positioned
retention capacitance lines shift simultaneously and in an
opposite direction, between two successive odd-number-po-
sitioned retention capacitance lines counted in a scanning
direction from the first-positioned retention capacitance line,
shift of a potential of a former of the two successive odd-
number-positioned retention capacitance lines is followed
after 1 horizontal scanning period by shift of potential of a
latter of the two successive odd-number-positioned retention
capacitance lines in a same direction, and between two suc-
cessive even-number-positioned retention capacitance lines,
shift of a potential of a former of the two successive even-
number-positioned retention capacitance lines is followed
after 1 horizontal scanning period by shift of a potential of a
latter of the two successive even-number-positioned retention
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capacitance lines in a same direction. For example, at the time
of or after completion of writing of the first-positioned and
second-positioned pixels, potentials of retention capacitance
line signals supplied to the first-positioned and second-posi-
tioned retention capacitance lines are shifted simultaneously
in an opposite direction, phases of retention capacitance line
signals supplied to successive odd-number-positioned reten-
tion capacitance lines are delayed by one horizontal scanning
period with respect to each of the successive odd-number-
positioned retention capacitance lines sequentially from the
first-positioned retention capacitance line, and phases of
retention capacitance line signals supplied to successive
even-number-positioned retention capacitance lines are
delayed by one horizontal scanning period with respect to
each of the successive even-number-positioned retention
capacitance lines sequentially from the second-positioned
retention capacitance line.

[0031] This allows easily configuring a liquid crystal dis-
play with a multi-pixel structure, in which the polarities of
signal potentials supplied to the first and second data signal
lines are different.

[0032] The liquid crystal display of the present invention
may be arranged such that there are provided a plurality of
retention capacitance lines whose potentials are controllable,
each pixel includes a first transistor, a second transistor, a first
pixel electrode, and a second pixel electrode, the first pixel
electrode and the second pixel electrode are connected with a
same data signal line via the first transistor and the second
transistor, respectively, the first transistor and the second tran-
sistor are connected with a same scanning signal line, the first
pixel electrode and the second pixel electrode form retention
capacitances with different retention capacitance lines,
respectively, a retention capacitance line is provided for adja-
cent two pixels in the pixel column, one of a first pixel elec-
trode and a second pixel electrode of one of the adjacent two
pixels and one of a first pixel electrode and a second pixel
electrode of the other of the adjacent two pixels form reten-
tion capacitances with the retention capacitance line provided
for the adjacent two pixels, retention capacitance lines that
form retention capacitances with a first pixel electrode and a
second pixel electrode in a first-positioned pixel positioned
first among all the pixels are first-positioned and second-
positioned retention capacitance lines, the second-positioned
retention capacitance line also forms retention capacitance
with one of a first pixel electrode and a second pixel electrode
of'a second-positioned pixel positioned second among all the
pixels, and at a time of completion of writing of the first-
positioned and second-positioned pixels or after the comple-
tion, potentials of the first-positioned and second-positioned
retention capacitance lines shift simultaneously and in an
opposite direction, when every successive two odd-number-
positioned retention capacitance lines are paired based on
counting in a scanning direction from the first-positioned
retention capacitance line, potentials of two retention capaci-
tance lines in each pair are shifted simultaneously in a same
direction, and between adjacent two pairs, shift of potentials
of retention capacitance lines in a pair at upstream side of a
scanning direction is followed after 2 horizontal scanning
periods by shift of potentials of retention capacitance lines in
a pair at downstream side of the scanning direction, and when
every successive two even-number-positioned retention
capacitance lines are paired, potentials of two retention
capacitance lines in each pair are shifted simultaneously in a
same direction, and between adjacent two pairs, shift of
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potentials of retention capacitance lines in a pair at upstream
side of a scanning direction is followed after 2 horizontal
scanning periods by shift of potentials of retention capaci-
tance lines in a pair at downstream side of the scanning
direction. For example, at the time of or after completion of
writing of the first-positioned and second-positioned pixels,
potentials of retention capacitance line signals supplied to the
first-positioned and second-positioned retention capacitance
lines are shifted simultaneously in an opposite direction,
phases of retention capacitance line signals supplied to suc-
cessive odd-number-positioned retention capacitance lines
are delayed by two horizontal scanning periods with respect
to each of the successive odd-number-positioned retention
capacitance lines sequentially from the first-positioned reten-
tion capacitance line, and phases of retention capacitance line
signals supplied to successive even-number-positioned reten-
tion capacitance lines are delayed by two horizontal scanning
periods with respect to each of the successive even-number-
positioned retention capacitance lines sequentially from the
second-positioned retention capacitance line.

[0033] This allows easily configuring a liquid crystal dis-
play with a multi-pixel structure, in which the polarities of
signal potentials supplied to the first and second data signal
lines are same. Further, in each pair, in synchronization with
shift of the level of a potential of the former retention capaci-
tance line in the pair, a potential of the latter retention capaci-
tance line in the pair is shifted in the same direction. That is,
two retention capacitance lines in each pair may be subject to
the same potential control. Accordingly, it is possible for the
retention capacitance lines in each pair to share the same
signal (Cs signal) supplied thereto. This allows simplification
of a control circuit for retention capacitance lines.

[0034] A method of the present invention for driving a
liquid crystal display is a method for driving a liquid crystal
display having pixels aligned in a row direction and a column
direction, the row direction being a direction in which scan-
ning signal lines are extended, the liquid crystal display com-
prising pixel columns, first data signal lines, and second data
signal lines, a first data signal line and a second data signal
line being provided for each pixel column, one pixel included
in the pixel column being connected with a scanning signal
line and one of the first data signal line and the second data
signal line, in a case where a predetermined pixel in the pixel
column is regarded as a first-positioned pixel from which
counting of a pixel starts, an odd-number-positioned pixel
and an even-number-positioned pixel in a scanning direction
are paired, n (n is a natural number) pairs are regarded as a
group, and each group is given a count number, each group
being configured such that two pixels in each pair are con-
nected with different data signal lines and each odd-number-
positioned pixel is connected with one data signal line, and in
two groups with successive count numbers, an odd-number-
positioned pixel in one group and an odd-number-positioned
pixel in the other group being connected with different data
signal lines, the method comprising the steps of: supplying
signal potentials with opposite polarities to the first data sig-
nal line and the second data signal line, respectively, inverting
a polarity of a signal potential supplied to a data signal line
withrespect to n horizontal scanning period, selecting a group
according to the count number, and performing simultaneous
selection of scanning signal lines respectively connected with
two pixels in a pair in the selected group, whereby when n is
2 or more, the simultaneous selection is sequentially per-
formed with respect to each pair.
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[0035] A method of the present invention for driving a
liquid crystal display is a method for driving a liquid crystal
display having pixels aligned in a row direction and a column
direction, the row direction being a direction in which scan-
ning signal lines are extended, the liquid crystal display com-
prising pixel columns, first data signal lines, and second data
signal lines, a first data signal line and a second data signal
line being provided for each pixel column, one pixel included
in the pixel column being connected with a scanning signal
line and one of the first data signal line and the second data
signal line, in a case where a predetermined pixel in the pixel
column is regarded as a first pixel from which counting of a
pixel starts, an odd-number-positioned pixel and an even-
number-positioned pixel counted in a scanning direction are
paired, and each pair is given a count number, two pixels in a
pair being connected with different data signal lines, and an
odd-number-positioned pixel in one of two pairs with succes-
sive count numbers and an odd-number-positioned pixel in
the other of the two pairs with successive count numbers
being connected with a same data signal line, the method
comprising the steps of: supplying signal potentials with
opposite polarities to the first data signal line and the second
data signal line, respectively, inverting a polarity of a signal
potential supplied to each data signal line with respect to each
vertical scanning period, and simultaneously selecting scan-
ning signal lines that are respectively connected with two
pixels in a pair according to the count number with respect to
each pair.

[0036] A method of the present invention for driving a
liquid crystal display is a method for driving a liquid crystal
display having pixels aligned in a row direction and a column
direction, the row direction being a direction in which scan-
ning signal lines are extended, the liquid crystal display com-
prising pixel columns, first data signal lines, and second data
signal lines, a first data signal line and a second data signal
line being provided for each pixel column, one pixel included
in the pixel column being connected with a scanning signal
line and one of the first data signal line and the second data
signal line, in a case where a predetermined pixel in the pixel
column is regarded as a first pixel from which counting of
pixel starts, two odd-number-positioned pixels counted in a
scanning direction are paired and two even-number-posi-
tioned pixels counted in the scanning direction are paired, and
a group including n (n is a natural number) pair consisting of
two odd-number-positioned pixels and a group including n (n
is a natural number) pair consisting of two even-number-
positioned pixels are alternately given count numbers, two
pixels in a pair are connected with different data signal lines,
the method comprising the steps of: supplying signal poten-
tials with opposite polarities to the first data signal line and the
second data signal line, respectively, inverting a polarity of a
signal potential supplied to a data signal line with respect ton
(n is a natural number) horizontal scanning period, selecting
a group according to the count number, and performing
simultaneous selection of scanning signal lines respectively
connected with two pixels in a pair in the selected group,
whereby when n is 2 or more, the simultaneous selection is
sequentially performed with respect to each pair.

[0037] A television receiver of the present invention
includes the above-described liquid crystal display, and a
tuner section for receiving television broadcasting.

[0038] As described above, the liquid crystal display of the
present invention allows reducing flickers by dot-inverting
individual pixels and at the same time lengthens one horizon-
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tal scanning period by simultaneously selecting two scanning
signal lines so that a time for charging a pixel is increased.

BRIEF DESCRIPTION OF DRAWINGS

[0039] FIG.1

[0040] (a) of FIG. 1 is a drawing schematically showing a
display section of a liquid crystal display in accordance with
Embodiment 1. (b) to (d) of FIG. 1 are drawings showing how
to drive the display section.

[0041] FIG.2

[0042] FIG. 2 is a timing chart showing how to drive the
display section shown in (a) of FIG. 1.

[0043] FIG.3

[0044] (a) of FIG. 3 is a drawing schematically showing a
display section of another liquid crystal display in accordance
with Embodiment 2. (b) to (d) of FIG. 3 are drawings showing
how to drive the display section.

[0045] FIG.4

[0046] FIG. 4 is a timing chart showing how to drive the
display section shown in (a) of FIG. 3.

[0047] FIG.5

[0048] (a) of FIG. 5 is a drawing schematically showing a
display section of still another liquid crystal display in accor-
dance with Embodiment 2. (b) to (d) of FIG. 5 are drawings
showing how to drive the display section.

[0049] FIG.6

[0050] FIG. 6 is a timing chart showing how to drive the
display section shown in (a) of FIG. 5.

[0051] FIG.7

[0052] (a) of FIG. 7 is a drawing schematically showing a
display section of further another liquid crystal display in
accordance with Embodiment 2. (b) to (d) of FIG. 7 are
drawings showing how to drive the display section.

[0053] FIG.8

[0054] FIG. 8 is a timing chart showing how to drive the
display section shown in (a) of FIG. 7.

[0055] FIG.9

[0056] FIG.9isatiming chart showing another way of how
to drive the display section shown in (a) of FIG. 1.

[0057] FIG.10

[0058] FIG. 10 is a timing chart showing another way of
how to drive the display section shown in (a) of FIG. 5.
[0059] FIG.11

[0060] FIG. 11 is a timing chart showing still another way
of how to drive the display section shown in (a) of FIG. 1.
[0061] FIG.12

[0062] FIG. 12 is a timing chart showing still another way
of how to drive the display section shown in (a) of FIG. 5.
[0063] FIG.13

[0064] (a) of FIG. 13 is a drawing schematically showing a
display section of a liquid crystal display in accordance with
Embodiment 2. (b) to (d) of FIG. 13 are drawings showing
how to drive the display section.

[0065] FIG.14

[0066] FIG. 14 is a timing chart showing how to drive the
display section shown in (a) of FIG. 13.

[0067] FIG.15

[0068] (a) of FIG. 15 is a drawing schematically showing
another display section of the liquid crystal display in accor-
dance with Embodiment 2. (b) to (d) of FIG. 15 are drawings
showing how to drive the display section.

[0069] FIG.16

[0070] FIG. 16 is a timing chart showing how to drive the
display section shown in (a) of FIG. 15.
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[0071] FIG.17

[0072] (a) of FIG. 17 is a drawing schematically showing
still another display section of a liquid crystal display in
accordance with Embodiment 2. (b) to (d) of FIG. 17 are
drawings showing how to drive the display section.

[0073] FIG.18

[0074] FIG. 18 is a timing chart showing how to drive the
display section shown in (a) of FIG. 17.

[0075] FIG.19

[0076] (a) of FIG. 19 is a drawing schematically showing a
display section of further another liquid crystal display in
accordance with Embodiment 2. (b) to (d) of FIG. 19 are
drawings showing how to drive the display section.

[0077] FIG.20

[0078] FIG. 20 is a timing chart showing how to drive the
display section shown in (a) of FIG. 19.

[0079] FIG.21

[0080] FIG. 21 is a timing chart showing another way of
how to drive the display section shown in (a) of FIG. 13.
[0081] FIG.22

[0082] FIG. 22 is a timing chart showing another way of
how to drive the display section shown in (a) of FIG. 17.
[0083] FIG.23

[0084] FIG. 23 is a timing chart showing still another way
of how to drive the display section shown in (a) of FIG. 13.
[0085] FIG.24

[0086] FIG. 24 is a timing chart showing still another way
of' how to drive the display section shown in (a) of FIG. 17.
[0087] FIG.25

[0088] (a) of FIG. 25 is a drawing schematically showing a
display section of a liquid crystal display in accordance with
Embodiment 3. (b) to (d) of FIG. 25 are drawings showing
how to drive the display section.

[0089] FIG.26

[0090] FIG. 26 is a timing chart showing how to drive the
display section shown in (a) of FIG. 25.

[0091] FIG.27

[0092] (a)of FIG. 27 is a drawing schematically showing a
display section of another liquid crystal display in accordance
with Embodiment 3. (b) to (d) of FIG. 27 are drawings show-
ing how to drive the display section.

[0093] FIG.28

[0094] FIG. 28 is a timing chart showing how to drive the
display section shown in (a) of FIG. 27.

[0095] FIG.29

[0096] FIG. 29 is a timing chart showing another way of
how to drive the display section shown in (a) of FIG. 25.
[0097] FIG. 30

[0098] FIG. 30 is a timing chart showing another way of
how to drive the display section shown in (a) of FIG. 27.
[0099] FIG. 31

[0100] FIG. 31 is a timing chart showing still another way
of' how to drive the display section shown in (a) of FIG. 31.
[0101] FIG.32

[0102] FIG. 32 is a timing chart showing still another way
of' how to drive the display section shown in (a) of FIG. 27.
[0103] FIG.33

[0104] (a) of FIG. 33 is a drawing schematically showing a
display section of a liquid crystal display in accordance with
Embodiment 4. (b) to (d) of FIG. 33 are drawings showing
how to drive the display section.

[0105] FIG. 34

[0106] FIG. 34 is a timing chart showing how to drive the
display section shown in (a) of FIG. 33.
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[0107] FIG.35

[0108] (a) of FIG. 35 is a drawing schematically showing a
display section of another liquid crystal display in accordance
with Embodiment 4. (b) to (d) of FIG. 35 are drawings show-
ing how to drive the display section.

[0109] FIG.36

[0110] FIG. 36 is a timing chart showing how to drive the
display section shown in (a) of FIG. 35.

[0111] FIG.37

[0112] FIG. 37 is a timing chart showing another way of
how to drive the display section shown in (a) of FIG. 33.

[0113] FIG.38

[0114] FIG. 38 is a timing chart showing another way of
how to drive the display section shown in (a) of FIG. 35.

[0115] FIG. 39

[0116] FIG. 39 is a timing chart showing still another way
of how to drive the display section shown in (a) of FIG. 33.

[0117] FIG. 40

[0118] FIG. 40 is a timing chart showing still another way
of how to drive the display section shown in (a) of FIG. 35.

[0119] FIG. 41

[0120] FIG. 41 is a waveform chart showing variation in
reached potential during a current horizontal scanning period
due to the level of a potential supplied during the previous
horizontal scanning period in a case where the polarity of a
signal potential supplied to a data signal line is inverted with
respect to each vertical scanning period.

[0121] FIG. 42

[0122] FIG. 42 is a waveform chart showing variation in
reached potential during a current horizontal scanning period
due to the level of a potential supplied during the previous
horizontal scanning period in a case where the polarity of a
signal potential supplied to a data signal line is inverted with
respect to each vertical scanning period and a refresh poten-
tial is supplied to a data signal line at the beginning of a
horizontal scanning period.

[0123] FIG. 43

[0124] FIG. 43 is a waveform chart showing variation in
reached potential during a current horizontal scanning period
due to the level of a potential supplied during the previous
horizontal scanning period in a case where the polarity of a
signal potential supplied to a data signal line is inverted with
respect to each horizontal scanning period and a refresh
potential is supplied to a data signal line at the beginning of a
horizontal scanning period.

[0125] FIG. 44

[0126] FIG. 44 is a waveform chart showing variation in
reached potential during a current horizontal scanning period
due to the level of a potential supplied during the previous
horizontal scanning period in a case where the polarity of a
signal potential supplied to a data signal line is inverted with
respect to each horizontal scanning period.

[0127] FIG.45

[0128] FIG. 45 is a block diagram showing a configuration
of a liquid crystal display of the present invention (based on
pixel-non-division system).

[0129] FIG. 46

[0130] FIG. 46 is a block diagram showing a configuration
of a liquid crystal display of the present invention (based on
pixel-division system).
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[0131] FIG. 47

[0132] FIG. 47 is a block diagram showing another con-
figuration (domain-divided drive configuration) of a liquid
crystal display of the present invention (based on pixel-non-
division system).

[0133] FIG. 48

[0134] FIG. 48 is a block diagram showing another con-
figuration (domain-divided drive configuration) of a liquid
crystal display of the present invention (based on pixel-divi-
sion system).

[0135] FIG. 49

[0136] (a)of FIG. 49 is a block diagram showing a configu-
ration of a gate driver of a liquid crystal display of the present
invention. (b) of FIG. 49 is a block diagram showing a con-
figuration of a gate driver in a case where refresh drive is
performed in the liquid crystal display of the present inven-
tion.

[0137] FIG. 50

[0138] FIG. 50 is a block diagram showing a configuration
of'a data permutation circuit of a liquid crystal display of the
present invention.

[0139] FIG. 51

[0140] (a) and (b) of FIG. 51 are block diagrams each
showing a source driver in a case where refresh drive is
performed in a liquid crystal display of the present invention.

[0141] FIG. 52

[0142] FIG. 52 is a block diagram showing another source
driver in a case where refresh drive is performed in a liquid
crystal display of the present invention.

[0143] FIG.53

[0144] FIG. 53 is a drawing schematically showing another
example of positioning of a pixel column and first and second
data signal lines for the pixel column.

[0145] FIG. 54

[0146] FIG. 54 is a block diagram explaining an operation
of a liquid crystal display of the present invention.

[0147] FIG.55

[0148] FIG. 55 is a block diagram explaining an operation
of a television receiver of the present invention.

[0149] FIG. 56

[0150] FIG.56 is anexploded perspective drawing showing
a configuration of the television receiver of the present inven-
tion.

[0151] FIG.57

[0152] FIG. 57 is a waveform chart showing variation in
reached potential during a current horizontal scanning period
due to the level of a potential supplied during the previous
horizontal scanning period in a case where the polarity of a
signal potential supplied to a data signal line is inverted with
respect to each vertical scanning period and active refresh
(refresh period=100% of time constant of a data signal line) is
performed.

[0153] FIG.58

[0154] FIG. 58 is a waveform chart showing variation in
reached potential during a current horizontal scanning period
due to the level of a potential supplied during the previous
horizontal scanning period in a case where the polarity of a
signal potential supplied to a data signal line is inverted with
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respect to each vertical scanning period and active refresh
(refresh period=90% of time constant of a data signal line) is
performed.

REFERENCE SIGNS LIST
[0155] 10a-104+10p: display section
[0156] P(i,)): pixel
[0157] S1x: first data signal line
[0158] S2x: first data signal line
[0159] S1y: second data signal line
[0160] S2y: second data signal line
[0161] G1-G7: scanning signal line

[0162]
[0163]
[0164]

Cs1-Cs7: retention capacitance line
PS1, PS2: pixel column
PE: pixel electrode

[0165] PE1: first pixel electrode
[0166] PE2: second pixel electrode
[0167] 84: liquid crystal display unit
[0168] 601: television receiver

[0169] 800: liquid crystal display

DESCRIPTION OF EMBODIMENTS

[0170] Embodiments of the present invention are explained
below with reference to FIGS. 1-53. In a display section of a
liquid crystal display (normally-black mode for example) of
the present invention, pixels are arrayed in row and column
directions. Hereinafter, a pixel row oni-th row is referred to as
PGi, a pixel column on j-th column is referred to as PSj, and
a pixel on j-th column on i-th row is referred to as P(i,j). For
convenience of explanation, hereinafter, a direction in which
a scanning signal line extends is regarded as a row direction.
However, it goes without saying that when the liquid crystal
display is used (is seen by a user), the scanning signal line
may extend either in a lateral direction or in a longitudinal
direction. Further, one horizontal scanning period (1H) is a
period in which a potential corresponding to one pixel (signal
potential or signal potential and refresh potential) is supplied
to a data signal line.

Embodiment 1

[0171] (a)of FIG.1isa drawing schematically showing one
example of a configuration of a display section of the liquid
crystal display of the present invention. (b)-(d) of FIG. 1 show
a driving method of the display section. FIG. 2 is a timing
chart showing the driving method. As shown in (a) of FIG. 1,
a display section 104 includes a first data signal line and a
second data signal line (e.g. S1x and S1y) with respect to each
pixel column (e.g. PS1), and one pixel (e.g. P(1,1)) included
in the pixel column is connected with one scanning signal line
(e.g. G1) and is connected with one of the first and second
data signal lines (e.g. S1x and S1y). Specifically, assume that
pixels on each pixel column are sequentially made pairs from
a pixel on a first row on the column in such a manner that two
pixels adjacent in a column direction are made a pair, and
pairs thus made are given count numbers sequentially. In this
case, two pixels in one pair are connected with different data
signal lines, and two pairs that are given successive count
numbers are designed such that an odd-number-positioned
pixel in one of the two pairs and an odd-number-positioned
pixel in the other of the two pairs are connected with the same
data signal line. That is, in one pixel column, each of pixels on
second row and thereafter is connected with a data signal line
which is different from a data signal line with which a pixel in
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its upstream-adjacent row is connected. In each pixel, a pixel
electrode PE is connected with one data signal line via a
transistor (TFT) and the gate terminal of the transistor is
connected with one scanning signal line.

[0172] Further, signal potentials with opposite polarities
are supplied to first and second data signal lines, respectively,
and the polarity of a signal potential supplied to each data
signal line is inverted with respect to one vertical scanning
period (1 frame). Further, pixels included in one pixel row are
connected with the same scanning signal line, a first data
signal line corresponding to one of two adjacent pixel col-
umns and a first data signal line corresponding to the other of
the two adjacent pixel columns are supplied with signal
potentials having the same polarity, and connections with the
first and second data signal lines are made oppositely between
pixels adjacent in a row direction. First and second data signal
lines corresponding to a pixel column are provided at both
sides of the pixel column, respectively, and a first data signal
line for one of adjacent two pixel columns and a first data
signal line for the other of the adjacent two pixel columns are
adjacent to each other without a pixel column therebetween,
or a second data signal line for one of adjacent two pixel
columns and a second data signal line for the other of the
adjacent two pixel columns are adjacent to each other without
a pixel column therebetween.

[0173] Simultaneous selection of two scanning signal lines
respectively connected with two pixels in a pair is sequen-
tially carried out in a scanning direction (according to the
count number mentioned above). That is, scanning signal
lines are sequentially selected with starting from a scanning
signal line connected with a pixel on a first row in such a
manner that adjacent two scanning signal lines are selected
simultaneously.

[0174] For example, in a case of the pixel column PS1, the
first data signal line S1x and the second data signal line S1y
are provided at sides of the pixel column PS1, respectively, a
first-positioned pixel P(1,1) and a second-positioned pixel
P(2,1) are regarded as a pair, the pixel P(1,1) is connected
with the scanning signal line G1 and the first data signal line
S1x, and the pixel (2,1) is connected with a scanning signal
line G2 and the second data signal line S1y. Similarly, a
third-positioned pixel P(3,1) and a fourth-positioned pixel
P(4,1) are regarded as a pair, the pixel P(3,1) is connected
with the scanning signal line G3 and the first data signal line
S1x, and the pixel (4,1) is connected with a scanning signal
line G4 and the second data signal line S1y. Similarly, a
fifth-positioned pixel P(5,1) and a sixth-positioned pixel P(6,
1) areregarded as a pair, the pixel P(5,1) is connected with the
scanning signal line G5 and the first data signal line S1x, the
pixel (6,1) is connected with a scanning signal line G6 and the
second data signal line S1y.

[0175] Further, in a case of a pixel column PS2, a first data
signal line S2x and a second data signal line S2y are provided
at sides of a pixel column PS2, respectively, a first-positioned
pixel P(1,2) and a second-positioned pixel P(2,2) are regarded
as a pair, the pixel P(1,2) is connected with the scanning
signal line G1 and a second data signal line S2y, and the pixel
(2,2) is connected with a scanning signal line G2 and the first
data signal line S2x. Similarly, a third-positioned pixel P(3,2)
and a fourth-positioned pixel P(4,2) are regarded as a pair, the
pixel P(3,2) is connected with the scanning signal line G3 and
the second data signal line S2y, and the pixel (4,2) is con-
nected with a scanning signal line G4 and the first data signal
line S2x. Similarly, a fifth-positioned pixel P(5,2) and a sixth-
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positioned pixel P(6,2) are regarded as a pair, the pixel P(5,2)
is connected with the scanning signal line G5 and the second
data signal line S2y, the pixel (6,2) is connected with a scan-
ning signal line G6 and the first data signal line S2x.

[0176] Ina certain frame (state shown in (b)-(d) of FIG. 1),
the first data signal line S1x is always supplied with a poten-
tial having a plus polarity, and the second data signal line S1y
is supplied with a potential having a minus polarity. In a next
frame, the first data signal line S1x is supplied with a potential
having a minus polarity, and the second data signal line S1y is
supplied with a potential having a plus polarity. Further, in a
certain frame (state shown in (b)-(d) of FIG. 1), the first data
signal line S2x is always supplied with a potential having a
plus polarity, and the second data signal line S2y is supplied
with a potential having a minus polarity. In a next frame, the
first data signal line S2x is supplied with a potential having a
minus polarity, and the second data signal line S2y is supplied
with a potential having a plus polarity. Between the adjacent
pixel columns PS1 and PS2, the second data signal line S1y
for the pixel column PS1 and the second data signal line S2y
for the pixel column PS2 are adjacent to each other without a
pixel column therebetween.

[0177] As shown in (b)-(d) of FIG. 1 and FIG. 2, initially,
the scanning signal line G1 connected with the pixels P(1,1)
and P(1,2) and the scanning signal line G2 connected with the
pixels P(2,1) and P(2,2) are selected simultaneously. Then,
the scanning signal line G3 connected with the pixels P(3,1)
and P(3,2) and the scanning signal line G4 connected with the
pixels P(4,1) and P(4,2) are selected simultaneously. Then,
the scanning signal line G5 connected with the pixels P(5,1)
and P(5,2) and the scanning signal line G6 connected with the
pixels P(6,1) and P(6,2) are selected simultaneously.

[0178] Consequently, in the display section 10a, during a
first horizontal scanning period, writing of a potential having
a plus polarity from the first data signal line S1x to the pixel
electrode of the pixel P(1,1) and writing of a potential having
a minus polarity from the second data signal line S1y to the
pixel electrode of the pixel P(2,1) are carried out simulta-
neously, and writing of a potential having a minus polarity
from the second data signal line S2y to the pixel electrode of
the pixel P(1,2) and writing of a potential having a plus
polarity from the first data signal line S2x to the pixel elec-
trode of the pixel P(2,2) are carried out simultaneously (see
(b) of FIG. 1). Further, during a next horizontal scanning
period, writing of a potential having a plus polarity from the
first data signal line S1x to the pixel electrode of the pixel
P(3,1) and writing of a potential having a minus polarity from
the second data signal line S1y to the pixel electrode of the
pixel P(4,1) are carried out simultaneously, and writing of a
potential having a minus polarity from the second data signal
line S2y to the pixel electrode of the pixel P(3,2) and writing
of a potential having a plus polarity from the first data signal
line S2x to the pixel electrode of the pixel P(4,2) are carried
out simultaneously (see (¢) of FIG. 1). During a further next
horizontal scanning period, writing of a potential having a
plus polarity from the first data signal line S1x to the pixel
electrode of the pixel P(5,1) and writing of a potential having
a minus polarity from the second data signal line S1y to the
pixel electrode of the pixel P(6,1) are carried out simulta-
neously, and writing of a potential having a minus polarity
from the second data signal line S2y to the pixel electrode of
the pixel P(5,2) and writing of a potential having a plus
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polarity from the first data signal line S2x to the pixel elec-
trode of the pixel P(6,2) are carried out simultaneously (see
(d) of FIG. 1).

[0179] As described above, in the display section 10a, it is
possible to lengthen one horizontal scanning period by simul-
taneously selecting two scanning signal lines, and at the same
time to carry out dot-inversion of individual pixels. That is, it
is possible to increase a time for charging a pixel while
reducing flickers. Further, two data signal lines adjacent to
each other (close to each other) without a pixel column ther-
ebetween (e.g. S1y and S2y) are supplied with signal poten-
tials always having the same polarity, and therefore it is
possible to reduce power consumption due to a parasitic
capacitance between the two data signal lines. This allows
reducing a load on a source driver.

[0180] Further, in this configuration of the present inven-
tion, when the length of one horizontal scanning period is set
to be the same as that in a comparative configuration where
scanning signal lines are selected one by one, it is possible to
scan twice the number of scanning signal lines compared with
the comparative configuration, and when the number of scan-
ning signal lines is set to be the same as that in the compara-
tive configuration, it is possible to make the length of one
horizontal scanning period twice. Accordingly, the liquid
crystal display of the present invention is preferably used for
double speed driving in which the number of frames per unit
time is doubled (e.g. 120 frames/sec). Double speed driving
inevitably results in a shorter time for charging a pixel. How-
ever, employing the configuration of the present invention
allows securing a sufficient time for charging a pixel. Further,
the liquid crystal display of the present invention may be
preferably used for a digital-cinema-standard liquid crystal
display having 2160 scanning signal lines and a super-high-
vision-standard liquid crystal display having 4320 scanning
signal lines.

[0181] A display section of the liquid crystal display of the
present invention may be configured as in (a) of FIG. 3. A
display section 1054 of (a) of FIG. 3 is different from the
display section 10« in that the display section 104 is config-
ured such that a second data signal line for one of adjacent two
pixel columns and a first data signal line for the other of the
adjacent two pixel columns are adjacent to each other without
a pixel column therebetween, or a first data signal line for one
of adjacent two pixel columns and a second data signal line
for the other of the adjacent two pixel columns are adjacent to
each other without a pixel column therebetween.

[0182] Forexample, a first data signal line S1xand a second
data signal line S1y are provided at sides of a pixel column
PS1, respectively, a first data signal line S2x and a second data
signal line S2y are provided at sides of a pixel column PS2,
respectively, and the second data signal line S1y for the pixel
column PS1 and the first data signal line S2x for the pixel
column PS2 are adjacent to each other. FIG. 4 shows a method
for driving the display section 105. (b)-(d) of FIG. 3 show
states in which data is written into pixels. As shown in these
drawings, also in the display section 104, it is possible to
lengthen one horizontal scanning period and at the same time
to carry out dot-inversion of individual pixels.

[0183] The display section 10a in (a) of FIG. 1 may be
configured to have a pixel-division system (multi-pixel con-
figuration). In the display section 10c¢ of (a) of FIG. 5, a
scanning signal line for a pixel is provided in such a manner
that the scanning signal line intersects the pixel, and a plural-
ity of retention capacitance lines are provided in such a man-
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ner as to be parallel to the scanning signal line. Each pixel is
configured such that a first transistor and a first pixel electrode
PE1 are provided at one side of a scanning signal line inter-
secting the pixel, a second transistor and a second pixel elec-
trode PE2 are provided at the other side of the scanning signal
line, the first pixel electrode PE1 and the second pixel elec-
trode PE2 are connected with the same data signal line via the
first transistor and the second transistor, respectively, the first
transistor and the second transistor are connected with the
same scanning signal line, and the first pixel electrode PE1
and the second pixel electrode PE2 form retention capaci-
tances with different retention capacitance lines, respectively.
Further, a retention capacitance line is provided for two pixels
adjacent in a column direction (two pixel columns), and a first
or second pixel electrode provided in one of the two pixels
and a first or second pixel electrode provided in the other of
the two pixels form retention capacitance with the retention
capacitance line. It should be noted that connections between
individual pixels (first and second pixel electrodes PE1 and
PE2 and first and second transistors that are included in each
ofthe pixels) and a data signal line and a scanning signal line
are designed to be the same as those of the display section 10a
of (a) of FIG. 1.

[0184] For example, a scanning signal line G1 is provided
in such a manner as to intersect a pixel P(1,1), and a plurality
of retention capacitance lines (Cs1-Cs7) are provided in such
a manner as to be parallel to scanning signal lines (G1-G6).
The pixel P(1,1) is configured such that a first transistor and a
first pixel electrode PE1 are provided at one side of the scan-
ning signal line G1, and a second transistor and a second pixel
electrode PE2 are provided at the other side of the scanning
signal line G1, the first pixel electrode PE1 is connected with
a first data signal line Slx via the first transistor and the
second pixel electrode PE2 is connected with the first data
signal line S1x via the second transistor, the first transistor and
the second transistor are connected with the scanning signal
line G1, the first pixel electrode PE1 forms retention capaci-
tance with the retention capacitance line Cs1 and the second
pixel electrode PE2 forms retention capacitance with the
retention capacitance line Cs2. Further, a pixel (2,1) is con-
figured such that a first pixel electrode PE1 is connected with
a second data signal line S1y via a first transistor and a second
pixel electrode PE2 is connected with a second data signal
line S1y via a second transistor, the first transistor and the
second transistor are connected with a scanning signal line
G2, the first pixel electrode PE1 forms retention capacitance
with a retention capacitance line Cs2 and the second pixel
electrode PE2 forms retention capacitance with a retention
capacitance line Cs3. Further, a pixel (1,2) is configured such
that a first pixel electrode PE1 is connected with a second data
signal line S2y via a first transistor and a second pixel elec-
trode PE2 is connected with a second data signal line S2y via
a second transistor, the first transistor and the second transis-
tor are connected with the scanning signal line G1, the first
pixel electrode PE1 forms retention capacitance with a reten-
tion capacitance line Cs2 and the second pixel electrode PE2
forms retention capacitance with a retention capacitance line
Cs1. Further, a pixel (2,2) is configured such that a first pixel
electrode PE1 is connected with a first data signal line S2x via
a first transistor and a second pixel electrode PE2 is connected
with a first data signal line S2x via a second transistor, the first
transistor and the second transistor are connected with a scan-
ning signal line G2, the first pixel electrode PE1 forms reten-
tion capacitance with a retention capacitance line Cs3 and the
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second pixel electrode PE2 forms retention capacitance with
a retention capacitance line Cs2. In this manner, two pixels
adjacent to each other in a column direction (P(1,1) and P(2,1)
or P(1,2) and P(2,2)) share the retention capacitance line Cs2.

[0185] FIG. 6 is a timing chart showing a method for driv-
ing data signal lines, scanning signal lines, and retention
capacitance lines of the display section 10¢. As shown in FIG.
6, the method for driving is similar to the method shown in
FIG. 2. In synchronization with putting a scanning signal line
connected with a certain pixel in an OFF state, or after putting
the scanning signal line in an OFF state, potentials of two
retention capacitance lines that form retention capacitances
with a first pixel electrode PE1 and a second pixel electrode
PE2 of the pixel, respectively, are caused to shift in opposite
directions (rising and falling directions). For example, in
synchronization with putting the scanning signal lines G1 and
G2 in an OFF state, a potential of the retention capacitance
line Cs1 is caused to shift in a rising direction and a potential
of the retention capacitance line Cs2 is caused to shift in a
falling direction, and in synchronization with putting the
scanning signal lines G3 and G4 in an OFF state, a potential
of the retention capacitance line Cs3 is caused to shift in a
rising direction and a potential of the retention capacitance
line Cs4 is caused to shift in a falling direction.

[0186] To be more specific, the retention capacitance lines
of the display section 10¢ are configured and subjected to
potential-control as follows: retention capacitance lines that
form retention capacitances with pixel electrodes PE1 and
PE2 ofapixel ona 1% row (e.g. P(1,1)) are first-positioned and
second-positioned retention capacitance lines Csl1 and Cs2.
The second-positioned retention capacitance line Cs2 also
forms retention capacitance with a pixel electrode PE2 of a
pixel on a 2" row (e.g. P(2,1)). At the time of completion of
simultaneous writing of the pixels on the 1° and 2" rows or
after the completion, potentials of the first-positioned and
second-positioned retention capacitance lines Cs1 and Cs2
shift simultaneously and in an opposite direction. Between
two successive odd-number-positioned retention capacitance
lines (e.g. Cs1 and Cs3), shift of the potential of the former of
the two successive odd-number-positioned retention capaci-
tance lines (e.g. Cs1) is followed after 1 horizontal scanning
period by shift of the potential of the latter of the two succes-
sive odd-number-positioned retention capacitance lines (e.g.
Cs3) in the same direction. Between two successive even-
number-positioned retention capacitance lines (e.g. Cs2 and
Cs4), shift of the potential of the former of the two successive
even-number-positioned retention capacitance lines (e.g.
Cs2)is followed after 1 horizontal scanning period by shift of
the potential of the latter of the two successive even-number-
positioned retention capacitance lines (e.g. Cs4) in the same
direction. The cycle of shift of the potential of each retention
capacitance line is 1 vertical scanning period (1 frame
period).

[0187] As shown in FIG. 5(5), in the display section 10c,
during a first horizontal scanning period, scanning signal
lines G1 and G2 are simultaneously made ON (put in a
selected state), writing of a same potential having a plus
polarity from the first data signal line S1x to the first and
second pixel electrodes PE1 and PE2 of the pixel P(1,1) and
writing of a same potential having a minus polarity from the
second data signal line S1y to the first and second pixel
electrodes PE1 and PE2 of the pixel P(2,1) are carried out
simultaneously, and writing of a same potential having a
minus polarity from the second data signal line S2y to the first
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and second pixel electrodes PE1 and PE2 of the pixel P(1,2)
and writing of a same potential having a plus polarity from the
first data signal line S2x to the first and second pixel elec-
trodes PE1 and PE2 of the pixel P(2,2) are carried out simul-
taneously.

[0188] Insynchronization with making the scanning signal
lines G1 and G2 OFF simultaneously, the retention capaci-
tance line Cs1 is caused to rise and the retention capacitance
line Cs2 is caused to fall. Consequently, a portion of the pixel
P(1,1) which includes the first pixel electrode PE1 serves as a
bright sub-pixel, a portion of the pixel P(1,1) which includes
the second pixel electrode PE2 serves as a dark sub-pixel, a
portion of the pixel P(2,1) which includes the first pixel elec-
trode PE1 serves as a bright sub-pixel, a portion of the pixel
P(1,2) which includes the first pixel electrode PE1 serves as a
bright sub-pixel, a portion of the pixel P(1,2) which includes
the second pixel electrode PE2 serves as a dark sub-pixel, and
a portion of the pixel P(2,2) which includes the second pixel
electrode PE2 serves as a dark sub-pixel. Control in the next
horizontal scanning period is performed as shown in FIG.
5(c), and control in the further next horizontal scanning
period is performed as shown in FIG. 5(d). This causes sub-
pixels in the pixel column PS1 to be positioned in the order of
bright, dark, bright, dark, bright . . . and causes sub-pixels in
the pixel column PS2 to be positioned in the order of dark,
bright, dark, bright, dark . . . . Thus, bright sub-pixels and dark
sub-pixels are positioned in a checkered pattern.

[0189] As described above, the display section 10c allows
increasing a time for charging a pixel while reducing flickers
and allows improving a viewing angle characteristic (i.e. the
display section 10c displays a halftone based on a configura-
tion that one pixel includes a bright sub-pixel and a dark
sub-pixel, thereby reducing excess brightness etc. while dis-
playing a halftone). Further, signal potentials supplied to two
data signal lines adjacent to each other (close to each other)
without a pixel column therebetween (e.g. S1y and S2y)
always have the same polarity. This allows reducing power
consumption due to parasitic capacitance between the two
data signal lines, thereby reducing a load on a source driver.
[0190] Further, in the above configuration, bright sub-pix-
els and dark sub-pixels are positioned in a checkered pattern,
thereby preventing bright sub-pixels from being adjacent to
each other or preventing dark sub-pixels from being adjacent
to each other. This allows improving a viewing angle charac-
teristic while reducing jaggyness.

[0191] Further, in this configuration of the present inven-
tion, when the length of one horizontal scanning period is set
to be the same as that in a conventional configuration where
scanning signal lines are selected one by one, it is possible to
scan twice the number of scanning signal lines compared with
the conventional configuration, and when the number of scan-
ning signal lines is set to be the same as that in the conven-
tional configuration, it is possible to make the length of one
horizontal scanning period twice. Accordingly, the liquid
crystal display of the present invention is preferably used for
a liquid crystal display performing double speed driving and
a liquid crystal display with a digital cinema standard or super
high vision standard.

[0192] The display section of the liquid crystal display
device of the present invention may be configured as shown in
FIG. 7(a). A display section 10d shown in FIG. 7(a) is differ-
ent from the display section 10¢ shown in FIG. 5(a) in that the
display section 10d is configured such that a second data
signal line for one of two adjacent pixel columns and a first
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data signal line for the other of the two adjacent pixel columns
are adjacent to each other without a pixel column therebe-
tween, or a first data signal line for one of the two adjacent
pixel columns and a second data signal line for the other of the
two adjacent pixel columns are adjacent to each other without
a pixel column therebetween.

[0193] Forexample, a first data signal line S1xand a second
data signal line S1y are provided at sides of a pixel column
PS1, respectively, a first data signal line S2x and a second data
signal line S2y are provided at sides of a pixel column PS2,
respectively, and the second data signal line S1y for the pixel
column PS1 and the first data signal line S2x for the pixel
column PS2 are adjacent to each other. FIG. 8 shows a method
for driving the display section 10d. (b)-(d) of FIG. 7 show
states in which data is written into pixels. As shown in these
drawings, also in the display section 104, it is possible to
lengthen one horizontal scanning period and at the same time
to carry out dot-inversion of individual pixels and to improve
a viewing angle characteristic. Further, it is possible to posi-
tion bright sub-pixels and dark sub-pixels in a checkered
pattern, thereby preventing bright sub-pixels from being adja-
cent to each other or preventing dark sub-pixels from being
adjacent to each other. This allows improving a viewing angle
characteristic while reducing jaggyness.

[0194] The display section 10a shown in (a) of FIG. 1 may
be driven as shown in FIG. 9. That is, a refresh period R is
provided at the beginning of each horizontal scanning period,
and a refresh potential (preliminary potential, Vcom for
example) is supplied to each data signal line during the
refresh period R. The refresh period R is in synchronization
with a period during which a latch strobe signal LS is in a
“High” state for example (this will be mentioned later). This
allows a liquid crystal display whose time for charging a pixel
gets inevitably shorter as the display gets enlarged, has higher
definition and is driven by higher speed driving to reduce
unevenness in reached potential (charge ratio) during a cur-
rent horizontal scanning period due to a difference in the
levels of potentials supplied to the same data signal line
during the previous horizontal scanning period. In this regard,
the inventors of the present invention have found that in a case
where the grayscale during a current horizontal scanning
period is a halftone (for example, grayscale 101 of grayscales
0-255 in 256 grayscales display, grayscale potential V101=2.
1V (potential at the time when common potential is potential
0), a reached level of a pixel potential (hereinafter reached
potential) differs between when the level of a potential sup-
plied during the previous horizontal scanning period corre-
sponds to a white tone and when the level corresponds to a
black tone. For example, in a case where the polarity of a
signal potential supplied to a data signal line in the double
speed driving is plus in one frame and the grayscale during a
current horizontal scanning period is a halftone, as shown in
FIG. 41, when the level of a potential supplied to the data
signal line during the previous horizontal scanning period
corresponds to a white tone (grayscale potential V255=7.5V),
a reached potential of the current horizontal scanning period
exceeds a set grayscale potential, whereas when the level
corresponds to a black tone (grayscale potential VO=0V), the
reached potential of the current horizontal scanning period is
lower than the set grayscale potential. If the double speed
driving is performed while supplying a refresh potential
(Vcom) during a refresh period R at the beginning of each
horizontal scanning period as shown in FIG. 9, it is possible to
drop the reached potential at a time when the level of a
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potential supplied to the data signal line during the previous
horizontal scanning period corresponds to a white tone. This
allows the reached potential at a time when the level of the
potential supplied to the data signal line during the previous
horizontal scanning period corresponds to a white tone and
the reached potential at a time when the level corresponds to
a black tone to be closer to each other. It should be noted that
FIGS. 41 and 42 relate to the cases of double speed driving as
explained above and 1H (1 horizontal scanning period) is
14.82 [us] and , the refresh period is 3 [ps]. Further, when the
double speed driving is performed in the configuration of
FIG. 9, 1H and the refresh period R are specifically as above.
[0195] By causing the display section 10¢ shown in FIG.
5(a) based on a pixel-division system to be driven as shown in
FIG. 10, it is possible to reduce variations in reached voltage
(charge ratio) of a current horizontal scanning period due to a
difference in the levels of potentials supplied to the same data
signal line during the previous horizontal scanning period.
[0196] Further, the display section 10a shown in (a) of FIG.
1 may be driven as shown in FIG. 11. That is, a refresh period
R is provided at the beginning of each horizontal scanning
period and a refresh potential (e.g. Vcom) is supplied to a data
signal line during the refresh period R, and each scanning
signal line is selected plural times (e.g. three times) with
timing when approximately 24 frame period has passed from
previous scanning and in synchronization with the refresh
period R, and the refresh potential (e.g. Vcom) is written in a
pixel connected with the scanning signal line during this
intermediate selection period. Although the intermediate
selection period is shorter than one horizontal scanning
period, by setting a plurality of intermediate selection periods
with one horizontal scanning period therebetween and thus
performing impulse driving, it is possible to write black (in-
sert black) inindividual pixels. Consequently, a pixel displays
input video data during %3 frame period out of one frame
period and displays black during %5 frame period out of the
one frame period. This reduces tailing etc. when displaying a
moving image, thereby improving the quality ofthe displayed
moving image.

[0197] Also by causing the display section 10¢ shown in
FIG. 5(a) based on the pixel-division system to be driven as
shown in FIG. 12, it is possible to reduce tailing etc. when
displaying a moving image and thus improve the quality of
the displayed moving image.

Embodiment 2

[0198] (a) of FIG. 13 is a drawing schematically showing
one example of a configuration of a display section of the
liquid crystal display of the present invention. FIGS. 13(5)-
13(d) show a driving method of the display section. FIG. 14 is
a timing chart showing the driving method. As shown in (a) of
FIG. 13, a display section 10e includes first and second data
signal lines (e.g. S1x and S1y) with respect to each pixel
column (e.g. PS1), and one pixel (e.g. P(1,1)) included in the
pixel column is connected with one scanning signal line (e.g.
G1) and is connected with one of the first and second data
signal lines (e.g. S1lx and S1y). Specifically, assume that
pixels on each pixel column are sequentially made pairs from
a pixel on a first row on the pixel column in such a manner that
two pixels adjacent in a column direction are made a pair, and
pairs thus made are given count numbers sequentially. In this
case, two pixels in each pair are connected with different data
signal lines, and two pairs that are given successive count
numbers are designed such that an odd-number-positioned
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pixel in one of the two pairs and an odd-number-positioned
pixel in the other of the two pairs are connected with different
data signal lines. That is, pixels are connected with data signal
lines in such a manner that when a pixel on a first row is
regarded as a 1** pixel, each pixel other than 2x1xi+1* (iis a
natural number) pixel counted in a scanning direction and its
upstream-adjacent pixel of the pixel are connected with dif-
ferent data signal lines, and the 2x1xi+1% pixel and its
upstream-adjacent pixel are connected with the same data
signal line. In each pixel, a pixel electrode PE is connected
with one data signal line via a transistor (TFT) and the gate
terminal of the transistor is connected with one scanning
signal line.

[0199] Further, first and second data signal lines are sup-
plied with signal potentials with opposite polarities, respec-
tively, and the polarity of a signal potential supplied to each
data signal line is inverted with respect to one horizontal
scanning period (1H). Further, pixels included in one pixel
row are connected with the same scanning signal line, a first
data signal line for one of two adjacent pixel columns and a
first data signal line for the other of the two adjacent pixel
columns are supplied with signal potentials having the same
polarity, and connections with the first and second data signal
lines are made oppositely between pixels adjacent in a row
direction. First and second data signal lines for a pixel column
are provided at both sides of the pixel column, respectively,
and a first data signal line for one of adjacent two pixel
columns and a first data signal line for the other of the adja-
cent two pixel columns are adjacent to each other without a
pixel column therebetween, or a second data signal line for
one of adjacent two pixel columns and a second data signal
line for the other of the adjacent two pixel columns are adja-
cent to each other without a pixel column therebetween.
[0200] Simultaneous selection of scanning signal lines
connected with two pixels in a pair, respectively, is sequen-
tially carried out in a scanning direction (according to count
numbers mentioned above). That is, scanning signal lines are
sequentially selected with starting from a scanning signal line
connected with a pixel on a 1°* row in such a manner that
adjacent two scanning signal lines are simultaneously
selected.

[0201] For example, in a case of the pixel column PS1, the
first data signal line S1x and the second data signal line S1y
are provided at sides of the pixel column PS1, respectively, a
first-positioned pixel P(1,1) and a second-positioned pixel
P(2,1) are regarded as a pair, the pixel P(1,1) is connected
with the scanning signal line G1 and the first data signal line
S1x, and the pixel (2,1) is connected with a scanning signal
line G2 and the second data signal line S1y. Similarly, a
third-positioned pixel P(3,1) and a fourth-positioned pixel
P(4,1) are regarded as a pair, the pixel P(3,1) is connected
with the scanning signal line G3 and the second data signal
line S1y, and the pixel (4,1) is connected with a scanning
signal line G4 and the first data signal line S1x. Similarly, a
fifth-positioned pixel P(5,1) and a sixth-positioned pixel P(6,
1) are regarded as a pair, the pixel P(5,1) is connected with the
scanning signal line G5 and the first data signal line S1x, and
the pixel (6,1) is connected with a scanning signal line G6 and
the second data signal line S1y.

[0202] Further, in a case of a pixel column PS2, a first data
signal line S2x and a second data signal line S2y are provided
at sides of a pixel column PS2, respectively, a first-positioned
pixel P(1,2) and a second-positioned pixel P(2,2) are regarded
as a pair, the pixel P(1,2) is connected with the scanning



US 2010/0253668 Al

signal line G1 and a second data signal line S2y, and the pixel
(2,2) is connected with a scanning signal line G2 and the first
data signal line S2x. Similarly, a third-positioned pixel P(3,2)
and a fourth-positioned pixel P(4,2) are regarded as a pair, the
pixel P(3,2) is connected with the scanning signal line G3 and
the first data signal line S2x, and the pixel (4,2) is connected
with a scanning signal line G4 and the second data signal line
S2y. Similarly, a fifth-positioned pixel P(5,2) and a sixth-
positioned pixel P(6,2) are regarded as a pair, the pixel P(5,2)
is connected with the scanning signal line G5 and the second
data signal line S2y, the pixel (6,2) is connected with a scan-
ning signal line G6 and the first data signal line S2x.

[0203] During a given horizontal scanning period (state
shown in (b) of FIG. 13), the first data signal line Slx is
supplied with a potential having a plus polarity, and the sec-
ond data signal line S1y is supplied with a potential having a
minus polarity. During a next horizontal scanning period
(state shown in (¢) of FIG. 13), the first data signal line S1x is
supplied with a potential having a minus polarity, and the
second data signal line S1y is supplied with a potential having
a plus polarity. Further, during a given horizontal scanning
period (state shown in (b) of FIG. 13), the first data signal line
S2xis supplied with a potential having a plus polarity, and the
second data signal line S2y is supplied with a potential having
a minus polarity. During a next horizontal scanning period
(state shown in (c) of FIG. 13), the first data signal line S2x is
supplied with a potential having a minus polarity, and the
second data signal line S2y is supplied with a potential having
a plus polarity. Between the adjacent pixel columns PS1 and
PS2, the second data signal line S1y for the pixel column PS1
and the second data signal line S2y for the pixel column PS2
are adjacent to each other without a pixel column therebe-
tween.

[0204] Asshownin (b)-(d) of FIG. 13 and FIG. 14, initially,
the scanning signal line G1 connected with the pixels P(1,1)
and P(1,2) and the scanning signal line G2 connected with the
pixels P(2,1) and P(2,2) are selected simultaneously. Then,
the scanning signal line G3 connected with the pixels P(3,1)
and P(3,2) and the scanning signal line G4 connected with the
pixels P(4,1) and P(4,2) are selected simultaneously. Then,
the scanning signal line G5 connected with the pixels P(5,1)
and P(5,2) and the scanning signal line G6 connected with the
pixels P(6,1) and P(6,2) are selected simultaneously.

[0205] Consequently, in the display section 10e, during a
first horizontal scanning period, writing of a potential having
a plus polarity from the first data signal line S1x to the pixel
electrode of the pixel P(1,1) and writing of a potential having
a minus polarity from the second data signal line S1y to the
pixel P(2,1) are carried out simultaneously, and writing of a
potential having a minus polarity from the second data signal
line S2y to the pixel electrode of the pixel P(1,2) and writing
of a potential having a plus polarity from the first data signal
line S2xto the pixel P(2,2) are carried out simultaneously (see
(b) of FIG. 13). Further, during a next horizontal scanning
period, writing of a potential having a plus polarity from the
second data signal line S1y to the pixel electrode of the pixel
P(3,1) and writing of a potential having a minus polarity from
the first data signal line S1x to the pixel P(4,1) are carried out
simultaneously, and writing of a potential having a minus
polarity from the first data signal line S2x to the pixel elec-
trode of the pixel P(3,2) and writing of a potential having a
plus polarity from the second data signal line S2y to the pixel
P(4,2) are carried out simultaneously (see (c) of FIG. 13).
During a further next horizontal scanning period, writing of a
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potential having a plus polarity from the first data signal line
S1x to the pixel electrode of the pixel P(5,1) and writing of a
potential having a minus polarity from the second data signal
line S1yto the pixel P(6,1) are carried out simultaneously, and
writing of a potential having a minus polarity from the second
data signal line S2y to the pixel electrode of the pixel P(5,2)
and writing of a potential having a plus polarity from the first
data signal line S2x to the pixel P(6,2) are carried out simul-
taneously (see (d) of FIG. 13).

[0206] As described above, in the display section 10e, it is
possible to lengthen one horizontal scanning period by simul-
taneously selecting two scanning signal lines, and at the same
time to carry out dot-inversion of individual pixels. That is, it
is possible to increase a time for charging a pixel while
reducing flickers. Further, signal potentials supplied to two
data signal lines adjacent to each other (close to each other)
without a pixel column therebetween (e.g. S1y and S2y)
always have the same polarity, and therefore it is possible to
reduce power consumption due to a parasitic capacitance
between the two data signal lines. This allows reducing a load
on a source driver.

[0207] Further, in this configuration of the present inven-
tion, when the length of one horizontal scanning period is set
to be the same as that in a comparative configuration where
scanning signal lines are selected one by one, it is possible to
scan twice the number of scanning signal lines compared with
the comparative configuration, and when the number of scan-
ning signal lines is set to be the same as that in the compara-
tive configuration, it is possible to make the length of one
horizontal scanning period twice. Accordingly, the liquid
crystal display of the present invention is preferably used for
double speed driving in which the number of frames per unit
time is doubled (e.g. 120 frames/sec). Double speed driving
inevitably results in a shorter time for charging a pixel. How-
ever, employing the configuration of the present invention
allows securing a sufficient time for charging a pixel. Further,
the liquid crystal display of the present invention may be
preferably used for a digital-cinema-standard liquid crystal
display having 2160 scanning signal lines and a super-high-
vision-standard liquid crystal display having 4320 scanning
signal lines.

[0208] Further, in this configuration, the polarity of a signal
potential supplied to a data signal line is inverted with respect
to each horizontal scanning period. This allows a liquid crys-
tal display whose time for charging a pixel gets inevitably
shorter as the display gets enlarged, has higher definition and
is driven by higher speed driving to almost reduce unevenness
in reached potential (charge ratio) during a current horizontal
scanning period due to a difference in the levels of potentials
supplied to the same data signal line during the previous
horizontal scanning period. That is, in double speed driving,
when the polarity of a signal potential supplied to a data signal
line is plus during one frame and the grayscale in a current
horizontal scanning period is a halftone, the reached potential
varies due to a difference in the levels of potentials supplied
during the previous horizontal scanning period (see FIG. 41).
However, by performing double speed driving while causing
the polarity of a signal potential supplied to a data signal line
to be inverted with respect to each horizontal scanning period
as shown in FIG. 14, it is possible to cause (i) the waveform of
a pixel potential at the time when the level of a potential
supplied during the previous horizontal scanning period cor-
responds to a white tone (grayscale potential V255=-7.5V
(potential when common potential is potential 0)), (ii) the
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waveform of a pixel potential at the time when the level
corresponds to a black tone (grayscale potential VO=0V), and
(iii) the waveform of a pixel potential at the time when the
level corresponds to a halftone to be uniform with one another
as shown in FIG. 44, thereby causing reached potentials of
individual cases to be substantially the same with one another.
Note that FIG. 44 relates to double speed driving as described
above, and 1H (one horizontal scanning period) is 14.82 [us].
Further, when the double speed driving is performed in the
configuration of FIG. 14, 1H is specifically as above.

[0209] A display section of the liquid crystal display of the
present invention may be configured as in (a) of FIG. 15. A
display section 10f of (a) of FIG. 15 is different from the
display section 10e in that the display section 10f'is config-
ured such that a second data signal line for one of adjacent two
pixel columns and a first data signal line for the other of the
adjacent two pixel columns are adjacent to each other without
a pixel column therebetween, or a first data signal line for one
of adjacent two pixel columns and a second data signal line
for the other of the adjacent two pixel columns are adjacent to
each other without a pixel column therebetween.

[0210] Forexample, a first data signal line S1x and a second
data signal line S1y are provided at sides of a pixel column
PS1, respectively, a first data signal line S2x and a second data
signal line S2y are provided at sides of a pixel column PS2,
respectively, and the second data signal line S1y for the pixel
column PS1 and the first data signal line S2x for the pixel
column PS2 are adjacent to each other. FIG. 16 shows a
method for driving the display section 10/ (b)-(d) of FIG. 15
show states in which data is written into pixels. As shown in
these drawings, in the display section 10f, it is possible to
lengthen a time for charging a pixel while reducing flickers,
and to almost overcome variations in reached potential
(charge ratio) due to a difference in the levels of potentials
supplied during the previous scanning period.

[0211] The display section 10e in (a) of FIG. 13 may be
configured to have a pixel-division system (multi-pixel con-
figuration). In a display section 10g shown in (a) of FIG. 17,
a scanning signal line for a pixel is provided in such a manner
that the scanning signal line intersects the pixel, and a plural-
ity of retention capacitance lines are provided in such a man-
ner as to be parallel to the scanning signal line. Each pixel is
configured such that a first transistor and a first pixel electrode
PE1 are provided at one side of a scanning signal line inter-
secting the pixel, a second transistor and a second pixel elec-
trode PE2 are provided at the other side of the scanning signal
line, the first pixel electrode PE1 and the second pixel elec-
trode PE2 are connected with the same data signal line via the
first transistor and the second transistor, respectively, the first
transistor and the second transistor are connected with the
same scanning signal line, and the first pixel electrode PE1
and the second pixel electrode PE2 form retention capaci-
tances with different retention capacitance lines, respectively.
Further, a retention capacitance line is provided for two pixels
adjacent in a column direction (two pixel columns), and a first
or second pixel electrode provided in one of the two pixels
and a first or second pixel electrode provided in the other of
the two pixels form retention capacitance with this retention
capacitance line. Connections between each pixel (first and
second pixel electrodes PE1 and PE2 and first and second
transistors included in the pixel) and a data signal line and a
scanning signal line are the same as those of the display
section 10e shown in (a) of FIG. 13.
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[0212] For example, a scanning signal line G1 is provided
in such a manner as to intersect a pixel P(1,1), and a plurality
of retention capacitance lines (Cs1-Cs7) are provided in such
a manner as to be parallel to scanning signal lines (G1-G6).
Connections of pixels P(1,1), P(2,1), P(1,2), and P(2,2) are
the same as those in the display section 10¢ shown in FIG.
5(a). Further, a pixel P(3,1) is configured such that a first pixel
electrode PE1 is connected with a second data signal line S1y
via a first transistor and a second pixel electrode PE2 is
connected with a second data signal line S1y via a second
transistor, the first and second transistors are connected with
a scanning signal line G3, the first pixel electrode PE1 forms
retention capacitance with the retention capacitance line Cs3,
and the second pixel electrode PE2 forms retention capaci-
tance with the retention capacitance line Cs4. Further, a pixel
P(4,1) is configured such that a first pixel electrode PE1 is
connected with a first data signal line S1x via a first transistor
and a second pixel electrode PE2 is connected with a first data
signal line S1x via a second transistor, the first and second
transistors are connected with a scanning signal line G4, the
first pixel electrode PE1 forms retention capacitance with the
retention capacitance line Cs4, and the second pixel electrode
PE2 forms retention capacitance with the retention capaci-
tance line Cs5. Further, a pixel P(3,2) is configured such that
a first pixel electrode PE1 is connected with a first data signal
line S2x via a first transistor and a second pixel electrode PE2
is connected with a first data signal line S2x via a second
transistor, the first and second transistors are connected with
a scanning signal line G3, the first pixel electrode PE1 forms
retention capacitance with the retention capacitance line Cs4,
and the second pixel electrode PE2 forms retention capaci-
tance with the retention capacitance line Cs3. Further, a pixel
P(4,2) is configured such that a first pixel electrode PE1 is
connected with a second data signal line S2y via a first tran-
sistor and a second pixel electrode PE2 is connected with a
second data signal line S2y via a second transistor, the first
and second transistors are connected with a scanning signal
line G4, the first pixel electrode PE1 forms retention capaci-
tance with the retention capacitance line Cs5, and the second
pixel electrode PE2 forms retention capacitance with the
retention capacitance line Cs4.

[0213] FIG. 18 is a timing chart showing a method for
driving data signal lines, scanning signal lines, and retention
capacitance lines ofthe display section 10g. As shownin FIG.
18, the method for driving data signal lines and scanning
signal lines is similar to the method shown in FIG. 14. In
synchronization with putting a scanning signal line connected
with a certain pixel in an OFF state, or after putting the
scanning signal line in an OFF state, potentials of two reten-
tion capacitance lines that form retention capacitances with a
first pixel electrode PE1 and a second pixel electrode PE2 of
the pixel, respectively, are caused to shift in opposite direc-
tions (rising and falling directions). For example, in synchro-
nization with putting the scanning signal lines G1 and G2 in
an OFF state, a potential of the retention capacitance line Cs1
is caused to shift in a rising direction and a potential of the
retention capacitance line Cs2 is caused to shift in a falling
direction, and in synchronization with putting the scanning
signal lines G3 and G4 in an OFF state, a potential of the
retention capacitance line Cs3 is caused to shift in a rising
direction and a potential of the retention capacitance line Cs4
is caused to shift in a falling direction.

[0214] The operation of the display section 10g during the
first horizontal scanning period shown in (b) of FIG. 17 is the
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same as that shown in (b) of FIG. 5, and the operation during
the next horizontal scanning period is performed as shown in
(¢) of FIG. 17. That is, scanning signal lines G3 and G4 are
simultaneously made ON (put in a selected state), writing of
a same potential having a plus polarity from the second data
signal line S1y to the first and second pixel electrodes PE1 and
PE2 ofthe pixel P(3,1) and writing of a same potential having
a minus polarity from the first data signal line S1x to the first
and second pixel electrodes PE1 and PE2 of the pixel P(4,1)
are carried out simultaneously, and writing of a same poten-
tial having a minus polarity from the first data signal line S2x
to the first and second pixel electrodes PE1 and PE2 of the
pixel P(3,2) and writing of a same potential having a plus
polarity from the second data signal line S2y to the first and
second pixel electrodes PE1 and PE2 of the pixel P(4,2) are
carried out simultaneously.

[0215] Insynchronization with making the scanning signal
lines G3 and G4 OFF, the retention capacitance line Cs3 is
caused to rise and the retention capacitance line Cs4 is caused
to fall. Consequently, in a pixel column PS1, a portion of the
pixel P(2,1) which includes the second pixel electrode PE2
serves as a dark sub-pixel, a portion of the pixel P(3,1) which
includes the first pixel electrode PE1 serves as a bright sub-
pixel, a portion of the pixel P(3,1) which includes the second
pixel electrode PE2 serves as a dark sub-pixel, and a portion
ofthe pixel P(4,1) which includes the first pixel electrode PE1
serves as a bright sub-pixel. In a pixel column PS2, a portion
of'the pixel P(2,2) which includes the first pixel electrode PE1
serves as a bright sub-pixel, a portion of the pixel P(3,2)
which includes the second pixel electrode PE2 serves as a
dark sub-pixel, a portion of the pixel P(3,2) which includes
the first pixel electrode PE1 serves as a bright sub-pixel, and
a portion of the pixel P(4,2) which includes the second pixel
electrode PE2 serves as a dark sub-pixel. Control during the
next horizontal scanning period is performed as shown in (d)
of FIG. 17. This causes sub-pixels in the pixel column PS1 to
be positioned in the order of bright, dark, bright, dark, bright
.. . and causes sub-pixels in the pixel column PS2 to be
positioned in the order of dark, bright, dark, bright, dark . . . .
Thus, bright sub-pixels and dark sub-pixels are positioned in
a checkered pattern.

[0216] As described above, the display section 10g allows
(i) increasing a time for charging a pixel while reducing
flickers, (ii) almost overcoming variations in reached poten-
tial (charge ratio) in a current horizontal scanning period due
to difference in the levels of potentials supplied during the
previous horizontal scanning period, and (iii) improving a
viewing angle characteristic. Further, signal potentials sup-
plied to two data signal lines adjacent to each other (close to
each other) without a pixel column therebetween (e.g. S1y
and S2y) always have the same polarity. This allows reducing
power consumption due to parasitic capacitance between the
two data signal lines, thereby reducing a load on a source
driver. Further, bright sub-pixels and dark sub-pixels are posi-
tioned in a checkered pattern, thereby preventing the bright
sub-pixels from being adjacent to one another or preventing
the dark sub-pixels from being adjacent to one another. This
allows improving a viewing angle characteristic while reduc-
ing jaggyness.

[0217] Further, also in this configuration of the present
invention, when the length of one horizontal scanning period
is set to be the same as that in a comparative configuration
where scanning signal lines are selected one by one, it is
possible to scan twice the number of scanning signal lines
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compared with the comparative configuration, and when the
number of scanning signal lines is set to be the same as that in
the comparative configuration, it is possible to make the
length of one horizontal scanning period twice. Accordingly,
the liquid crystal display ofthe present invention is preferably
used for a liquid crystal display performing double speed
driving and a liquid crystal display with a digital cinema
standard or super high vision standard.

[0218] The display section of the liquid crystal display
device of the present invention may be configured as shown in
(a) of FIG. 19. A display section 104 shown in (a) of FIG. 19
is different from the display section 10g shown in (a) of FIG.
17 in that the display section 10/ is configured such that a
second data signal line for one of two adjacent pixel columns
and a first data signal line for the other of the two adjacent
pixel columns are adjacent to each other without a pixel
column therebetween, or a first data signal line for one of the
two adjacent pixel columns and a second data signal line for
the other of the two adjacent pixel columns are adjacent to
each other without a pixel column therebetween.

[0219] Forexample, a first data signal line S1xand a second
data signal line S1y are provided at sides of a pixel column
PS1, respectively, a first data signal line S2x and a second data
signal line S2y are provided at sides of a pixel column PS2,
respectively, and the second data signal line S1y for the pixel
column PS1 and the first data signal line S2x for the pixel
column PS2 are adjacent to each other. FIG. 20 shows a
method for driving the display section 104. (b)-(d) of FIG. 19
show states in which data is written into pixels. As shown in
these drawings, also in the display section 104, it is possible
to (i) lengthen a time for charging a pixel while reducing
flickers, (ii) almost overcome variations in reached potential
(charge ratio) of a present horizontal scanning period due to
difference in the levels of potentials supplied during the pre-
vious horizontal scanning period, and (iii) improve a viewing
angle characteristic. Further, it is possible to position bright
sub-pixels and dark sub-pixels in a checkered pattern, thereby
preventing bright sub-pixels from being adjacent to each
other or preventing dark sub-pixels from being adjacent to
each other. This allows improving a viewing angle character-
istic while reducing jaggyness.

[0220] Thedisplay section 10e shown in (a) of FIG. 13 may
be driven as shown in FIG. 21. That is, a refresh period R is
provided at the beginning of each horizontal scanning period,
and arefresh potential (Vcom for example) is supplied to each
data signal line during the refresh period R. The refresh period
R is in synchronization with a period during which a latch
strobe signal LS is in a “High” state for example (this will be
mentioned later). This allows a liquid crystal display whose
time for charging a pixel gets inevitably shorter as the display
gets enlarged, has higher definition and is driven by higher
speed driving to reduce unevenness in reached potential
(charge ratio) during a current horizontal scanning period due
to a difference in the levels of potentials supplied to the same
data signal line during the previous horizontal scanning
period. In double speed driving, when the polarity of a signal
potential supplied to a data signal line is plus in one frame and
the grayscale during a current horizontal scanning period is a
halftone, a reached level of a pixel potential differs due to a
difference in the levels of potentials supplied during the pre-
vious horizontal scanning period (see FIG. 41). However, by
performing double speed driving while causing the polarity of
a signal potential supplied to a data signal line to be inverted
with respect to each 1H and supplying a refresh potential
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(Vecom) during a refresh period R at the beginning of each
horizontal scanning period as shown in FIG. 21, it is possible
to cause (i) the waveform of a pixel potential at the time when
the level of a potential supplied during the previous horizontal
scanning period corresponds to a white tone (grayscale poten-
tial V255=-7.5V (potential when common potential is poten-
tial 0)), (ii) the waveform of a pixel potential at the time when
the level corresponds to a black tone (grayscale potential
VO0=0V (potential when common potential is potential 0)),
and (iii) the waveform of a pixel potential at the time when the
level corresponds to a halftone to be close to one another,
thereby reducing variations in reached potential. Note that
FIG. 43 relates to double speed driving as described above,
and 1H (one horizontal scanning period) is 14.82 [us] and the
refresh period is 1.5 [us]. Further, when the double speed
driving is performed in the configuration of FIG. 21, 1H and
the refresh period R are specifically as above. Comparison
between driving shown in FIGS. 14 and 16 (driving in which
the polarity of a signal is inverted with respect to each 1H) and
driving shown in FIG. 21 (driving in which the polarity of a
signal is inverted with respect to each 1H and a refresh poten-
tial is supplied at the beginning of 1H) shows that the driving
shown in FIG. 21 has higher variations in reached potential
(charge ratio) since a time for charging a pixel is shorter due
to a refresh period (see FIGS. 43 and 44), but supply of a
refresh potential reduces a load on a driving circuit for data
signal lines (source driver). That is, the driving shown in FIG.
21 is advantageous in that it reduces power consumption and
heat of the source driver compared with the driving shown in
FIG. 16.

[0221] Also by causing the display section 10g shown in (a)
of FIG. 17 based on a pixel-division system to be driven as
shown in FIG. 22, it is possible to greatly reduce variations in
reached potential (charge ratio) during a current horizontal
scanning period due to a difference in the levels of potentials
supplied to the same data signal line during the previous
horizontal scanning period. The driving shown in FIG. 22 is
advantageous in that it reduces power consumption and heat
of the source driver compared with the driving shown in
FIGS. 18 and 20.

[0222] Further, the display section 10e shown in (a) of FIG.
13 may be driven as shown in FIG. 23. That is, a refresh period
R is provided at the beginning of each horizontal scanning
period and a refresh potential (e.g. Vcom) is supplied to a data
signal line during the refresh period R, and each scanning
signal line is selected plural times (e.g. three times) with
timing when approximately % frame period has passed from
previous scanning and in synchronization with the refresh
period R, and the refresh potential (e.g. Vcom) is written in a
pixel connected with the scanning signal line during this
intermediate selection period. Although the intermediate
selection period is shorter than one horizontal scanning
period, by setting a plurality of intermediate selection periods
with one horizontal scanning period therebetween and thus
performing impulse driving, it is possible to write black (in-
sert black) inindividual pixels. Consequently, a pixel displays
input video data during %5 frame period out of one frame
period and displays black during V4 frame period out of the
one frame period. This reduces tailing etc. when displaying a
moving image, thereby improving the quality ofthe displayed
moving image.

[0223] Also by causing the display section 10g shown in (a)
of FIG. 17 based on the pixel-division system to be driven as
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shown in FIG. 24, it is possible to reduce tailing etc. when
displaying a moving image and thus improve the quality of
the displayed moving image.

Embodiment 3

[0224] (a) of FIG. 25 is a drawing schematically showing
one example of a configuration of a display section of the
liquid crystal display of the present invention. (b)-(d) of FIG.
25 are drawings schematically showing a driving method of
the display section. FIG. 26 is a timing chart showing the
driving method. As shown in (a) of FIG. 25, a display section
10i includes first and second data signal lines (e.g. S1x and
S1y) with respect to each pixel column (e.g. PS1), and one
pixel (e.g. P(1,1)) included in the pixel column is connected
with one scanning signal line (e.g. G1) and is connected with
one of'the first and second data signal lines (e.g. S1xand S1y).
Specifically, assume that pixels on each pixel column are
sequentially paired and grouped from a pixel on a first column
in such a manner that two pixels adjacent in a column direc-
tion are made a pair, adjacent two pairs are grouped sequen-
tially, and groups thus made are given count numbers sequen-
tially. In this case, two pixels in each pair in one group are
connected with different data signal lines, odd-number-posi-
tioned pixels are connected with the same data signal line, and
two groups that are given successive count numbers are
designed such that an odd-number-positioned pixel in one of
the two groups and an odd-number-positioned pixel in the
other of the two groups are connected with different data
signal lines. That is, pixels are connected with data signal
lines in such a manner that when a pixel on a first row is
regarded as a 1™ pixel, each pixel other than 2x2xi+1* (i is a
natural number) pixel counted in a scanning direction and its
upstream-adjacent pixel of the pixel are connected with dif-
ferent data signal lines and the 2x2xi+1% pixel and its
upstream-adjacent pixel are connected with the same data
signal line. In each pixel, a pixel electrode PE is connected
with one data signal line via a transistor (TFT) and the gate
terminal of the transistor is connected with one scanning
signal line.

[0225] Further, signal potentials with opposite polarities
are supplied to first and second data signal lines, respectively,
and the polarity of a signal potential supplied to each data
signal line is inverted with respect to two horizontal scanning
periods (2H). Further, pixels included in one pixel row are
connected with the same scanning signal line, a first data
signal line for one of two adjacent pixel columns and a first
data signal line for the other of the two adjacent pixel columns
are supplied with signal potentials having the same polarity,
and connections with first and second data signal lines are
made oppositely between pixels adjacent in a row direction.
First and second data signal lines for a pixel column are
provided at both sides of the pixel column, respectively, and a
first data signal line for one of adjacent two pixel columns and
a first data signal line for the other of the adjacent two pixel
columns are adjacent to each other without a pixel column
therebetween, or a second data signal line for one of adjacent
two pixel columns and a second data signal line for the other
of the adjacent two pixel columns are adjacent to each other
without a pixel column therebetween.

[0226] A group is selected in a scanning direction (accord-
ing to the count number mentioned above), and simultaneous
selection of two scanning signal lines respectively connected
with two pixels in a pair is sequentially carried out in the
selected group. That is, scanning signal lines are sequentially
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selected with starting from a scanning signal line connected
with a pixel on a first row in such a manner that adjacent two
scanning signal lines are selected simultaneously.

[0227] As for the first data signal line S1x and the second
data signal line S1y shown in (a) of FIG. 25, during a given
horizontal scanning period (state shown in (b) of FIG. 25), the
first data signal line S1x is supplied with a potential with a
plus polarity, and the second data signal line S1y is supplied
with a potential with a minus polarity. Also during a next
horizontal scanning period (state shown in (¢) of FIG. 25), the
first data signal line S1x is supplied with a potential with a
plus polarity, and the second data signal line S1y is supplied
with a potential with a minus polarity. During a further next
horizontal scanning period (state shown in (d) of FIG. 25), the
first data signal line S1x is supplied with a potential with a
minus polarity, and the second data signal line S1y is supplied
with a potential with a plus polarity. As for the first data signal
line S2x and the second data signal line S2y shown in (a) of
FIG. 25, during a given horizontal scanning period (state
shown in (b) of FIG. 25), the first data signal line S2x is
supplied with a potential with a plus polarity, and the second
data signal line S2y is supplied with a potential with a minus
polarity. Also during a next horizontal scanning period (state
shown in (c) of FIG. 25), the first data signal line S2x is
supplied with a potential with a plus polarity, and the second
data signal line S2y is supplied with a potential with a minus
polarity. During a further next horizontal scanning period
(state shown in (d) of FIG. 25), the first data signal line S2x is
supplied with a potential with a minus polarity, and the sec-
ond data signal line S2y is supplied with a potential with a
plus polarity. Note that between adjacent pixel columns PS1
and PS2, the second data signal line S1y for the pixel column
PS1 and the second data signal line S2y for the pixel column
PS2 are adjacent to each other without a pixel column ther-
ebetween.

[0228] Asshownin (b)-(d) of FIG. 25 and FIG. 26, initially,
the scanning signal line G1 connected with the pixels P(1,1)
and P(1,2) and the scanning signal line G2 connected with the
pixels P(2,1) and P(2,2) are selected simultaneously. Then,
the scanning signal line G3 connected with the pixels P(3,1)
and P(3,2) and the scanning signal line G4 connected with the
pixels P(4,1) and P(4,2) are selected simultaneously. Then,
the scanning signal line G5 connected with the pixels P(5,1)
and P(5,2) and the scanning signal line G6 connected with the
pixels P(6,1) and P(6,2) are selected simultaneously.

[0229] Consequently, in the display section 10/, during a
first horizontal scanning period, writing of a potential having
a plus polarity from the first data signal line S1x to the pixel
electrode of the pixel P(1,1) and writing of a potential having
a minus polarity from the second data signal line S1y to the
pixel P(2,1) are carried out simultaneously, and writing of a
potential having a minus polarity from the second data signal
line S2y to the pixel electrode of the pixel P(1,2) and writing
of a potential having a plus polarity from the first data signal
line S2xto the pixel P(2,2) are carried out simultaneously (see
(b) of FIG. 25). Further, during a next horizontal scanning
period, writing of a potential having a plus polarity from the
first data signal line S1x to the pixel electrode of the pixel
P(3,1) and writing of a potential having a minus polarity from
the second data signal line S1y to the pixel P(4,1) are carried
out simultaneously, and writing of a potential having a minus
polarity from the second data signal line S2y to the pixel
electrode of the pixel P(3,2) and writing of a potential having
a plus polarity from the first data signal line S2x to the pixel
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P(4,2) are carried out simultaneously (see (c) of FIG. 25).
During a further next horizontal scanning period, writing of a
potential having a plus polarity from the second data signal
line S1y to the pixel electrode of the pixel P(5,1) and writing
of'a potential having a minus polarity from the first data signal
line S1x to the pixel electrode of the pixel P(6,1) are carried
out simultaneously, and writing of a potential having a minus
polarity from the first data signal line S2x to the pixel elec-
trode of the pixel P(5,2) and writing of a potential having a
plus polarity from the second data signal line S2y to the pixel
electrode of the pixel P(6,2) are carried out simultaneously
(see (d) of FIG. 25).

[0230] As described above, in the display section 104, it is
possible to lengthen one horizontal scanning period by simul-
taneously selecting two scanning signal lines, and at the same
time to carry out dot-inversion of individual pixels. That is, it
is possible to increase a time for charging a pixel while
reducing flickers. Further, signal potentials supplied to two
data signal lines adjacent to each other (close to each other)
without a pixel column therebetween (e.g. S1y and S2y)
always have the same polarity, and therefore it is possible to
reduce power consumption due to a parasitic capacitance
between the two data signal lines. This allows reducing a load
on a source driver.

[0231] Further, also in this configuration of the present
invention, when the length of one horizontal scanning period
is set to be the same as that in a comparative configuration
where scanning signal lines are selected one by one, it is
possible to scan twice the number of scanning signal lines
compared with the comparative configuration, and when the
number of scanning signal lines is set to be the same as that in
the comparative configuration, it is possible to make the
length of one horizontal scanning period twice. Accordingly,
the liquid crystal display of the present invention is preferably
used for a liquid crystal display that carries out double speed
driving and a liquid crystal display with a digital-cinema
standard or a super-highvision standard.

[0232] Further, by inverting the polarity of a signal poten-
tial supplied to a data signal line with respect to every two
horizontal scanning periods, it is possible to reduce power
consumption of a source driver compared with a case where
the polarity of the signal potential is inverted with respect to
each horizontal scanning period.

[0233] The display section 10i in (a) of FIG. 25 may be
configured to have a pixel-division system (multi-pixel con-
figuration) as shown in (a) of FIG. 27. In a display section 105
of (a) of FIG. 27, a scanning signal line for a pixel is provided
in such a manner that the scanning signal line intersects the
pixel, and a plurality of retention capacitance lines are pro-
vided in such a manner as to be parallel to the scanning signal
line. Each pixel is configured such that a first transistor and a
first pixel electrode PE1 are provided at one side of a scanning
signal line intersecting the pixel, a second transistor and a
second pixel electrode PE2 are provided at the other side of
the scanning signal line, the first pixel electrode PE1 and the
second pixel electrode PE2 are connected with the same data
signal line via the first transistor and the second transistor,
respectively, the first transistor and the second transistor are
connected with the same scanning signal line, and the first
pixel electrode PE1 and the second pixel electrode PE2 form
retention capacitances with different retention capacitance
lines, respectively. Further, a retention capacitance line is
provided for two pixels adjacent in a column direction (two
pixel columns), and a first or second pixel electrode provided
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in one of the two pixels and a first or second pixel electrode
provided in the other of the two pixels form retention capaci-
tance with this retention capacitance line. Connections of
each pixel (first and second pixel electrodes PE1 and PE2 and
first and second transistors included in the pixel) and data
signal lines and scanning signal lines are the same as those of
the display section 10i shown in FIG. 25(a).

[0234] FIG. 28 is a timing chart showing a method for
driving data signal lines, scanning signal lines, and retention
capacitance lines of the display section 10;. As shown in FIG.
28, the method for driving the data signal lines and the scan-
ning signal lines is similar to the method shown in FIG. 26. In
synchronization with putting a scanning signal line connected
with a certain pixel in an OFF state, or after putting the
scanning signal line in an OFF state, potentials of two reten-
tion capacitance lines that form retention capacitances with a
first pixel electrode PE1 and a second pixel electrode PE2 of
the pixel, respectively, are caused to shift in opposite direc-
tions (rising and falling directions). For example, in synchro-
nization with putting the scanning signal lines G1 and G2 in
an OFF state, a potential of the retention capacitance line Cs1
is caused to shift in a rising direction and a potential of the
retention capacitance line Cs2 is caused to shift in a falling
direction, and in synchronization with putting the scanning
signal lines G3 and G4 in an OFF state, a potential of the
retention capacitance line Cs3 is caused to shift in a rising
direction and a potential of the retention capacitance line Cs4
is caused to shift in a falling direction.

[0235] The operation of the display section 10; during the
first horizontal scanning period shown in (b) of FIG. 27 is the
same as that shown in (b) of FIG. 5, the operation during the
next horizontal scanning period is performed as shown in (c)
of FIG. 27, and the operation during the further next horizon-
tal scanning period is performed as shown in (d) of FIG. 27.
This causes sub-pixels in the pixel column PS1 to be posi-
tioned in the order of bright, dark, bright, dark, bright . . . and
causes sub-pixels in the pixel column PS2 to be positioned in
the order of dark, bright, dark, bright, dark . . . .

[0236] As described above, the display section 10/ allows
(1) increasing a time for charging a pixel while reducing
flickers, and (ii) improving a viewing angle characteristic.
Further, signal potentials supplied to two data signal lines
adjacent to each other (close to each other) without a pixel
column therebetween (e.g. S1y and S2y) always have the
same polarity. This allows reducing power consumption due
to parasitic capacitance between the two data signal lines,
thereby reducing a load on a source driver. Further, bright
sub-pixels and dark sub-pixels are positioned in a checkered
pattern, thereby preventing the bright sub-pixels from being
adjacent to one another or preventing the dark sub-pixels
from being adjacent to one another. This allows improving a
viewing angle characteristic while reducing jaggyness.

[0237] Further, also in this configuration of the present
invention, when the length of one horizontal scanning period
is set to be the same as that in a comparative configuration
where scanning signal lines are selected one by one, it is
possible to scan twice the number of scanning signal lines
compared with the comparative configuration, and when the
number of scanning signal lines is set to be the same as that in
the comparative configuration, it is possible to make the
length of one horizontal scanning period twice. Accordingly,
the liquid crystal display of the present invention is preferably
used for a liquid crystal display performing double speed
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driving and a liquid crystal display with a digital cinema
standard or super high vision standard.

[0238] Thedisplay section 10/ shown in (a) of FIG. 25 may
be driven as shown in FIG. 29. That is, a refresh period R is
provided at the beginning of each horizontal scanning period,
and arefresh potential (Vcom for example) is supplied to each
data signal line during the refresh period R. The refresh period
R is in synchronization with a period during which a latch
strobe signal LS is in a “High” state for example (this will be
mentioned later). This allows a liquid crystal display whose
time for charging a pixel gets inevitably shorter as the display
gets enlarged, has higher definition and is driven by higher
speed driving to reduce unevenness in reached potential
(charge ratio) during a current horizontal scanning period due
to a difference in the levels of potentials supplied to the same
data signal line during the previous horizontal scanning
period. In double speed driving, when the polarity of a signal
potential supplied to a data signal line is plus in one frame and
the grayscale during a current horizontal scanning period is a
halftone, a reached level of a pixel potential differs due to a
difference in the levels of potentials supplied during the pre-
vious horizontal scanning period (see FIG. 41). However, by
performing double speed driving while causing the polarity of
a signal potential supplied to a data signal line to be inverted
with respect to every 2H and supplying a refresh potential
(Vcom) during a refresh period R at the beginning of each
horizontal scanning period, it is possible to reduce variations
in reached level.

[0239] Also by causing the display section 10j shown in (a)
of FIG. 27 based on a pixel-division system to be driven as
shown in FIG. 30, it is possible to greatly reduce variations in
reached potential (charge ratio) during a current horizontal
scanning period due to a difference in the levels of potentials
supplied to the same data signal line during the previous
horizontal scanning period.

[0240] Further, the display section 10i shown in (a) of FIG.
25 may be driven as shown in FIG. 31. That is, a refresh period
R is provided at the beginning of each horizontal scanning
period and a refresh potential (e.g. Vcom) is supplied to a data
signal line during the refresh period R, and each scanning
signal line is selected plural times (e.g. three times) with
timing when approximately %5 frame period has passed from
last scanning and in synchronization with the refresh period
R, and the refresh potential (e.g. Vcom) is written in a pixel
connected with the scanning signal line during this interme-
diate selection period. Although the intermediate selection
period is shorter than one horizontal scanning period, by
setting a plurality of intermediate selection periods with one
horizontal scanning period therebetween and thus performing
impulse driving, it is possible to write black (insert black) in
individual pixels. Consequently, a pixel displays input video
data during %5 frame period out of one frame period and
displays black during Y4 frame period out of the one frame
period. This reduces tailing etc. when displaying a moving
image, thereby improving the quality of the displayed moving
image.

[0241] Also by causing the display section 10/ shown in (a)
of FIG. 27 based on the pixel-division system to be driven as
shown in FIG. 32, it is possible to reduce tailing etc. when
displaying a moving image and thus improve the quality of
the displayed moving image.

Embodiment 4

[0242] (a) of FIG. 33 is a drawing schematically showing
one example of a configuration of a display section of the
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liquid crystal display of the present invention. (b)-(e) of FIG.
33 are drawings schematically showing a driving method of
the display section. FIG. 34 is a timing chart showing the
driving method. As shown in (a) of FIG. 33, a display section
10% includes first and second data signal lines (e.g. Sla and
S1b) that correspond to one pixel column (e.g. PS1) and that
are provided both sides of the pixel column, and one pixel
(e.g. P(1,1)) included in the pixel column is connected with
one scanning signal line (e.g. G1) and is connected with one
of the first and second data signal lines (e.g. Sla and S15).
Specifically, assume that pixels on each pixel column are
paired sequentially from a first pixel on the pixel column in
such a manner that successive two odd-number-positioned
pixels counted in a scanning direction are paired sequentially,
successive two even-number-positioned pixels counted in the
scanning direction are paired sequentially, and a pair consist-
ing of successive two odd-number-positioned pixels and a
pair consisting of successive two even-number-positioned
pixels are given count numbers alternately. In this case, two
pixels in each pair are connected with different data signal
lines. In each pixel, a pixel electrode PE is connected with one
data signal line via a transistor (TFT) and the gate terminal of
the transistor is connected with one scanning signal line.
[0243] Further, signal potentials with the same polarity are
supplied to first and second data signal lines (e.g. Sla and
S1b), respectively, and the polarity of a signal potential sup-
plied to each data signal line is inverted with respect to one
horizontal scanning period (1H). Further, pixels included in
one pixel row are connected with the same scanning signal
line, and first and second data signal lines for one of adjacent
two pixel columns (e.g. PS1) are given signal potentials oppo-
site to signal potentials given to first and second data signal
lines for the other of the adjacent two pixel columns (e.g.
PS2).

[0244] Simultaneous selection of scanning signal lines
respectively connected with two pixels in a pair is carried out
in accordance with the count numbers mentioned above (the
simultaneous selection of scanning signal lines connected
with two odd-number-positioned pixels in a pair and the
simultaneous selection of scanning signal lines connected
with two even-number-positioned pixels in a pair are carried
out alternately in a scanning direction). That is, scanning
signal lines are selected sequentially with starting from a first
scanning signal line that is connected with a pixel on a first
row, in such a manner that simultaneous selection of succes-
sive two odd-number-positioned scanning signal lines and
simultaneous selection of successive two even-number-posi-
tioned scanning signal lines are carried out alternately).
[0245] For example, in a case of the pixel column PS1, a
first data signal line S1x and a second data signal line S1y are
provided at sides of the pixel column PS1, respectively, a
first-positioned pixel P(1,1) and a third-positioned pixel P(3,
1) are paired, the pixel P(1,1) is connected with a scanning
signal line G1 and the first data signal line S1a, and the pixel
P(3,1) is connected with a scanning signal line G3 and the
second data signal line S14. Similarly, a second-positioned
pixel P(2,1) and a fourth-positioned pixel P(4,1) are paired,
the pixel P(2,1) is connected with a scanning signal line G2
and the first data signal line Sla, and the pixel P(4,1) is
connected with a scanning signal line G4 and the second data
signal line S15. Similarly, a fifth-positioned pixel P(5,1) and
a seventh pixel P(7,1) are paired, the pixel P(5,1) is connected
with a scanning signal line G5 and the first data signal line

Oct. 7,2010

S1a, and the pixel P(7,1) is connected with a scanning signal
line G7 and the second data signal line S14.

[0246] Further, in a case ofthe pixel column PS2, a first data
signal line S2a and a second data signal line S24 are provided
at sides of the pixel column PS2, respectively, a first-posi-
tioned pixel P(1,2) and a third-positioned pixel P(3,2) are
paired, the pixel P(1,2) is connected with a scanning signal
line G1 and the first data signal line S2a, and the pixel P(3,2)
is connected with a scanning signal line G3 and the second
data signal line S2b. Similarly, a second-positioned pixel
P(2,2) and a fourth-positioned pixel P(4,2) are paired, the
pixel P(2,2) is connected with a scanning signal line G2 and
the first data signal line S2a, and the pixel P(4,2) is connected
with a scanning signal line G4 and the second data signal line
S2b. Similarly, a fifth-positioned pixel P(5,2) and a seventh
pixel P(7,2) are paired, the pixel P(5,2) is connected with a
scanning signal line G5 and the first data signal line S2a, and
the pixel P(7,2) is connected with a scanning signal line G7
and the second data signal line S24.

[0247] As for the first and second data signal lines S1a and
S154, during a given horizontal scanning period (state shown
in (b) of FIG. 33), a potential having a plus polarity is supplied
to the first data signal line S1q, and a potential having a plus
polarity is supplied to the second data signal line S15. During
a next horizontal scanning period (state shown in (¢) of FIG.
33), a potential having a minus polarity is supplied to the first
data signal line S1a, and a potential having a minus polarity is
supplied to the second data signal line S14. During a further
next horizontal scanning period (state shown in (d) of FIG.
33), a potential with a plus polarity is supplied to the first data
signal line S1a and a potential with a plus polarity is supplied
to the second data signal line S14.

[0248] Asshownin (b)-(d) of FIG. 33 and FIG. 34, initially,
the scanning signal line G1 connected with the pixels P(1,1)
and P(1,2) and the scanning signal line G3 connected with the
pixels P(3,1) and P(3,2) are selected simultaneously. Then,
the scanning signal line G2 connected with the pixels P(2,1)
and P(2,2) and the scanning signal line G4 connected with the
pixels P(4,1) and P(4,2) are selected simultaneously. Then,
the scanning signal line G5 connected with the pixels P(5,1)
and P(5,2) and the scanning signal line G7 connected with the
pixels P(7,1) and P(7,2) are selected simultaneously.

[0249] Consequently, in the display section 10%, during a
first horizontal scanning period, writing of a potential having
a plus polarity from the first data signal line S1a to the pixel
electrode of the pixel P(1,1) and writing of a potential having
aplus polarity from the second data signal line S1y to the pixel
P(3,1) are carried out simultaneously, and writing of a poten-
tial having a minus polarity from the first data signal line S2a
to the pixel electrode of the pixel P(1,2) and writing of a
potential having a minus polarity from the second data signal
line S2b to the pixel electrode of the pixel P(3,2) are carried
out simultaneously (see (b) of FIG. 33). Further, during a next
horizontal scanning period, writing of a potential having a
minus polarity from the first data signal line S1a to the pixel
electrode of the pixel P(2,1) and writing of a potential having
a minus polarity from the second data signal line S15 to the
pixel electrode of the pixel P(4,1) are carried out simulta-
neously, and writing of a potential having a plus polarity from
the first data signal line S2a to the pixel electrode of the pixel
P(2,2) and writing of a potential having a plus polarity from
the second data signal line S2b to the pixel electrode of the
pixel P(4,2) are carried out simultaneously (see (c) of FIG.
33). During a further next horizontal scanning period, writing
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of a potential having a plus polarity from the first data signal
line S1a to the pixel electrode of the pixel P(5,1) and writing
of a potential having a plus polarity from the second data
signal line S15 to the pixel electrode of the pixel P(7,1) are
carried out simultaneously, and writing of a potential having
a minus polarity from the first data signal line S24 to the pixel
electrode of the pixel P(5,2) and writing of a potential having
a minus polarity from the second data signal line S25 to the
pixel electrode of the pixel P(7,2) are carried out simulta-
neously (see (d) of FIG. 33).

[0250] As described above, in the display section 10%; it is
possible to lengthen one horizontal scanning period by simul-
taneously selecting two scanning signal lines, and at the same
time to carry out dot-inversion of individual pixels. That is, it
is possible to increase a time for charging a pixel while
reducing flickers.

[0251] Further, also in this configuration of the present
invention, when the length of one horizontal scanning period
is set to be the same as that in a comparative configuration
where scanning signal lines are selected one by one, it is
possible to scan twice the number of scanning signal lines
compared with the comparative configuration, and when the
number of scanning signal lines is set to be the same as that in
the comparative configuration, it is possible to make the
length of one horizontal scanning period twice. Accordingly,
the liquid crystal display of the present invention is preferably
used for a liquid crystal display that performs double speed
driving and a liquid crystal display with a digital cinema
standard or a super high vision standard.

[0252] Further, in this configuration, the polarity of a signal
potential supplied to a data signal line is inverted with respect
to each horizontal scanning period. This allows a liquid crys-
tal display whose time for charging a pixel gets inevitably
shorter as the display gets enlarged, has higher definition and
is driven by higher speed driving to almost reduce unevenness
in reached potential (charge ratio) during a current horizontal
scanning period due to a difference in the levels of potentials
supplied to the same data signal line during the previous
horizontal scanning period. That is, in double speed driving,
when the polarity of a signal potential supplied to a data signal
line is plus during one frame and the grayscale in a current
horizontal scanning period is a halftone, the reached potential
varies due to a difference in the levels of potentials supplied
during the previous horizontal scanning period (see FI1G. 41).
However, by performing double speed driving while causing
the polarity of a signal potential supplied to a data signal line
to be inverted with respect to each horizontal scanning period
as shown in FIG. 34, it is possible to cause (i) the waveform of
a pixel potential at the time when the level of a potential
supplied during the previous horizontal scanning period cor-
responds to a white tone (grayscale potential V255=-7.5V),
(i1) the waveform of a pixel potential at the time when the
level corresponds to a black tone (grayscale potential
V0=0V), and (iii) the waveform of a pixel potential at the time
when the level corresponds to a halftone to be uniform with
one another as shown in FIG. 44, thereby causing reached
potentials of individual cases to be substantially the same
with one another.

[0253] The display section 10k in (a) of FIG. 33 may be
configured to have a pixel-division system (multi-pixel con-
figuration) as shown in (a) of FIG. 35. In a display section 10p
of (a) of FIG. 35, a scanning signal line for a pixel is provided
in such a manner that the scanning signal line intersects the
pixel, and a plurality of retention capacitance lines are pro-
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vided in such a manner as to be parallel to the scanning signal
line. Each pixel is configured such that a first transistor and a
first pixel electrode PE1 are provided at one side of a scanning
signal line intersecting the pixel, a second transistor and a
second pixel electrode PE2 are provided at the other side of
the scanning signal line, the first pixel electrode PE1 and the
second pixel electrode PE2 are connected with the same data
signal line via the first transistor and the second transistor,
respectively, the first transistor and the second transistor are
connected with the same scanning signal line, and the first
pixel electrode PE1 and the second pixel electrode PE2 form
retention capacitances with different retention capacitance
lines, respectively. Further, a retention capacitance line is
provided for two pixels adjacent in a column direction (two
pixel columns), and a first or second pixel electrode provided
in one of the two pixels and a first or second pixel electrode
provided in the other of the two pixels form retention capaci-
tance with the retention capacitance line. Connections of each
pixel (first and second pixel electrodes PE1 and PE2 and first
and second transistors included in the pixel) and data signal
lines and scanning signal lines are the same as those of the
display section 10k shown in Fig. (a) of FIG. 33.

[0254] FIG. 36 is a timing chart showing a method for
driving data signal lines, scanning signal lines, and retention
capacitance lines of the display section 10p. As shownin FIG.
36, the method for driving the data signal lines and the scan-
ning signal lines is similar to the method shown in FIG. 34. In
synchronization with putting a scanning signal line connected
with a certain pixel in an OFF state, or after putting the
scanning signal line in an OFF state, potentials of two reten-
tion capacitance lines that form retention capacitances with a
first pixel electrode PE1 and a second pixel electrode PE2 of
the pixel, respectively, are caused to shift in opposite direc-
tions (rising and falling directions). For example, when the
scanning signal lines G1 and G3 are put in an OFF state,
potentials of the retention capacitance lines Cs1 and Cs2 are
not caused to shift, but in synchronization with putting the
scanning signal lines G2 and G4 in an OFF state, the potential
of the retention capacitance line Cs1 is caused to shift in a
rising direction and the potential of the retention capacitance
line Cs2 is caused to shift in a falling direction, and a potential
of the retention capacitance line Cs3 is caused to shift in a
rising direction and a potential of the retention capacitance
line Cs4 is caused to shift in a falling direction.

[0255] To be more specific, the retention capacitance lines
of the display section 10p are configured and subjected to
potential-control as follows: retention capacitance lines that
form retention capacitances with pixel electrodes PE1 and
PE2ofapixel ona 1% row (e.g. P(1,1)) are first-positioned and
second-positioned retention capacitance lines Csl and Cs2.
The second-positioned retention capacitance line Cs2 also
forms retention capacitance with a pixel electrode PE2 of a
pixel on a 2" row (e.g. P(2,1)). At the time of completion of
simultaneous writing of the pixels on the 1° and 2 rows or
after the completion, potentials of the first-positioned and
second-positioned retention capacitance lines Cs1 and Cs2
shift simultaneously and in an opposite direction. Assume
that retention capacitance lines are counted from a first-posi-
tioned retention capacitance line Cs1 in a scanning direction
and every two odd-number-positioned retention capacitance
lines are paired. In each pair (e.g. pair consisting of Cs1 and
Cs3), in synchronization with shift of the level of a potential
of the former retention capacitance line in the pair (e.g. Cs1),
a potential of the latter retention capacitance line in the pair
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(e.g. Cs3) is shifted in the same direction. Between adjacent
two pairs (e.g. a pair consisting of Cs1 and Cs3 and a pair
consisting of Cs5 and Cs7), potentials of retention capaci-
tance lines included in the pair at the downstream of a scan-
ning direction (e.g. Cs5 and Cs7) are shifted by two horizontal
scanning periods (2H) after shifting of potentials of retention
capacitance lines at the upstream in a scanning direction (e.g.
Csl and Cs3). Assume that every two even retention capaci-
tance lines are paired. In each pair (e.g. pair consisting of Cs2
and Cs4), in synchronization with shift of the level of a
potential of the former retention capacitance line in the pair
(e.g. Cs2), apotential of the latter retention capacitance line in
the pair (e.g. Cs4) is shifted in the same direction. Between
adjacent two pairs (e.g. a pair consisting of Cs2 and Cs4 and
a pair consisting of Cs6 and Cs8), potentials of retention
capacitance lines included in the pair at the downstream of a
scanning direction (e.g. Cs6 and Cs8) are shifted by two
horizontal scanning periods (2H) after shifting of potentials
of retention capacitance lines at the upstream in a scanning
direction (e.g. Cs2 and Cs4). A cycle of shifting of a potential
level of each retention capacitance line is 1 vertical scanning
period (1 frame period).

[0256] As shown in (b) of FIG. 35, in the display section
10p, during a first horizontal scanning period, scanning signal
lines G1 and G3 are simultaneously made ON (put in a
selected state), writing of a same potential having a plus
polarity from the first data signal line Sla to the first and
second pixel electrodes PE1 and PE2 of the pixel P(1,1) and
writing of a same potential having a plus polarity from the
second data signal line S15 to the first and second pixel
electrodes PE1 and PE2 of the pixel P(3,1) are carried out
simultaneously, and writing of a same potential having a
minus polarity from the first data signal line S2a to the first
and second pixel electrodes PE1 and PE2 of the pixel P(1,2)
and writing of a same potential having a minus polarity from
the second data signal line S2b to the first and second pixel
electrodes PE1 and PE2 of the pixel P(3,2) are carried out
simultaneously.

[0257] Subsequently, as shown in (c¢) of FIG. 35, during a
next horizontal scanning period, scanning signal lines G2 and
G4 are simultaneously made ON (put in a selected state),
writing of a same potential having a minus polarity from the
first data signal line Sla to the first and second pixel elec-
trodes PE1 and PE2 of the pixel P(2,1) and writing of a same
potential having a minus polarity from the second data signal
line S15 to the first and second pixel electrodes PE1 and PE2
ofthe pixel P(4,1) are carried out simultaneously, and writing
of a same potential having a plus polarity from the first data
signal line S2a to the first and second pixel electrodes PE1
and PE2 of the pixel P(2,2) and writing of a same potential
having a plus polarity from the second data signal line S2b to
the first and second pixel electrodes PE1 and PE2 of the pixel
P(4,2) are carried out simultaneously.

[0258] Insynchronization with making the scanning signal
lines G2 and G4 OFF simultaneously, the retention capaci-
tance line Cs1 is caused to rise and the retention capacitance
line Cs2 is caused to fall, and the retention capacitance line
Cs3 is caused to rise and the retention capacitance line Cs4 is
caused to fall.

[0259] Consequently, in the pixel column PS1, a portion of
the pixel P(1,1) which includes the first pixel electrode PE1
serves as a bright sub-pixel, a portion of the pixel P(1,1)
which includes the second pixel electrode PE2 serves as a
dark sub-pixel, a portion of the pixel P(2,1) which includes
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the first pixel electrode PE1 serves as a bright sub-pixel, a
portion of the pixel P(2,1) which includes the second pixel
electrode PE2 serves as a dark sub-pixel, a portion of the pixel
P(3,1) which includes the first pixel electrode PE1 serves as a
bright sub-pixel, and a portion of the pixel P(3,1) which
includes the second pixel electrode PE2 serves as a dark
sub-pixel, and so on. In the pixel column PS2, a portion of the
pixel P(1,2) which includes the second pixel electrode PE2
serves as a dark sub-pixel, a portion of the pixel P(1,2) which
includes the first pixel electrode PE1 serves as a bright sub-
pixel, a portion of the pixel P(2,1) which includes the second
pixel electrode PE2 serves as a dark sub-pixel, a portion of the
pixel P(2,1) which includes the first pixel electrode PE1
serves as a bright sub-pixel, a portion of the pixel P(3,1)
which includes the second pixel electrode PE2 serves as a
dark sub-pixel, and a portion of the pixel P(3,1) which
includes the first pixel electrode PE1 serves as a bright sub-
pixel, and so on. This causes sub-pixels in the pixel column
PS1 to be positioned in the order of bright, dark, bright, dark,
bright . . . and causes sub-pixels in the pixel column PS2 to be
positioned in the order of dark, bright, dark, bright, dark . . . .

[0260] As described above, the display section 10p allows
increasing a time for charging a pixel while reducing flickers,
allows almost overcoming variations in reached potential
(charge ratio) during a current horizontal scanning period due
to a difference in the levels of potentials supplied during the
previous scanning period, and allows improving a viewing
angle characteristic. Further, since bright sub-pixels and dark
sub-pixels are positioned in a checkered pattern, it is possible
to prevent bright sub-pixels from being adjacent to each other
or prevent dark sub-pixels from being adjacent to each other.
This allows improving a viewing angle characteristic while
reducing jaggyness.

[0261] Further, also in this configuration of the present
invention, when the length of one horizontal scanning period
is set to be the same as that in a conventional configuration
where scanning signal lines are selected one by one, it is
possible to scan twice the number of scanning signal lines
compared with the conventional configuration, and when the
number of scanning signal lines is set to be the same as that in
the conventional configuration, it is possible to make the
length of one horizontal scanning period twice. Accordingly,
the liquid crystal display of the present invention is preferably
used for a liquid crystal display performing double speed
driving and a liquid crystal display with a digital cinema
standard or super high vision standard.

[0262] Further, shifts of levels of potentials of the retention
capacitance lines Cs1 and Cs3 are made in the same direction
and in synchronization with each other, and shifts of levels of
potentials of the retention capacitance lines Cs2 and Cs4 are
made in the same direction and in synchronization with each
other. Accordingly, it is possible for the retention capacitance
lines Cs1 and Cs3 to share the same signal (Cs signal) sup-
plied thereto and possible for the retention capacitance lines
Cs2 and Cs4 to share the same signal (Cs signal) supplied
thereto. That is, as described above, when odd-number-posi-
tioned retention capacitance lines are sequentially paired
from a first-positioned retention capacitance line in such a
manner that every successive two retention capacitance lines
are regarded as a pair and even-number-positioned retention
capacitance lines are sequentially paired from a second-po-
sitioned retention capacitance line in such a manner that every
successive two retention capacitance lines are regarded as a
pair, it is possible for paired two retention capacitance lines to
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share the same Cs signal supplied thereto. This allows reduc-
ing the number (kind) of Cs signals supplied to all retention
capacitance lines almost by half, thereby reducing the size of
a Cs control circuit for generating Cs signals (see FIG. 46).
Paired two retention capacitance lines (e.g. Cs1 and Cs3) may
be connected ina panel (e.g. connected with the same Cs main
line) or may be connected with the same output terminal in the
Cs control circuit.

[0263] Thedisplay section 10k shown in (a) of FIG. 33 may
be driven as shown in FIG. 37. That is, a refresh period R is
provided at the beginning of each horizontal scanning period,
and a refresh potential (Vcom for example) is supplied to each
data signal line during the refresh period R. The refresh period
R is in synchronization with a period during which a latch
strobe signal LS is in a “High” state for example (this will be
mentioned later). This allows a liquid crystal display whose
time for charging a pixel gets inevitably shorter as the display
gets enlarged, has higher definition and is driven by higher
speed driving to reduce unevenness in reached potential
(charge ratio) during a current horizontal scanning period due
to a difference in the levels of potentials supplied to the same
data signal line during the previous horizontal scanning
period. In double speed driving, when the polarity of a signal
potential supplied to a data signal line is plus in one frame and
the grayscale during a current horizontal scanning period is a
halftone, a reached potential differs due to a difference in the
levels of potentials supplied during the previous horizontal
scanning period (see FIG. 41). However, by performing
double speed driving while causing the polarity of a signal
potential supplied to a data signal line to be inverted with
respect to every 1H and supplying a refresh potential (Vcom)
during a refresh period R at the beginning of each horizontal
scanning period as shown in FIG. 37, it is possible to cause (i)
the waveform of a pixel potential at the time when the level of
a potential supplied during the previous horizontal scanning
period corresponds to a white tone (grayscale potential
V255==7.5V), (ii) the waveform of a pixel potential at the
time when the level corresponds to a black tone (grayscale
potential VO=0V), and (iii) the waveform of a pixel potential
atthe time when the level corresponds to a halftone to be close
to one another as shown in FIG. 43, thereby reducing varia-
tions in reached potentials of individual cases.

[0264] Also by causing the display section 10p shown in (a)
of FIG. 35 based on a pixel-division system to be driven as
shown in FIG. 38, it is possible to greatly reduce variations in
reached potential (charge ratio) during a current horizontal
scanning period due to a difference in the levels of potentials
supplied to the same data signal line during the previous
horizontal scanning period.

[0265] Further, the display section 10k shown in (a) of FIG.
33 may be driven as shown in FIG. 39. That is, a refresh period
R is provided at the beginning of each horizontal scanning
period and a refresh potential (e.g. Vcom) is supplied to a data
signal line during the refresh period R, and each scanning
signal line is selected plural times (e.g. three times) with
timing when approximately %4 frame period has passed from
previous scanning and in synchronization with the refresh
period R, and the refresh potential (e.g. Vcom) is written in a
pixel connected with the scanning signal line during this
intermediate selection period. Although the intermediate
selection period is shorter than one horizontal scanning
period, by setting a plurality of intermediate selection periods
with one horizontal scanning period therebetween and thus
performing impulse driving, it is possible to write black (in-
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sert black) in individual pixels. Consequently, a pixel displays
input video data during %5 frame period out of one frame
period and displays black during V4 frame period out of the
one frame period. This reduces tailing etc. when displaying a
moving image, thereby improving the quality of the displayed
moving image.

[0266] Also by causing the display section 10p shown in (a)
of FIG. 35 based on the pixel-division system to be driven as
shown in FIG. 40, it is possible to reduce tailing etc. when
displaying a moving image and thus improve the quality of
the displayed moving image.

[0267] In Embodiment 4, an explanation was made as to a
case where the polarity of a signal potential supplied to a data
signal line is inverted with respect to one horizontal scanning
period (1H). However, the present invention is not limited to
this case. By changing the order of simultaneous selection of
pixels without changing connections of the pixels, it is pos-
sible to invert the polarity of a signal potential supplied to a
data signal line with respect to a plurality of horizontal scan-
ning periods. In this case, it is possible to reduce power
consumption of a source driver compared with a case where
the polarity of a signal potential is inverted with respect to
each horizontal scanning period.

Regarding Individual Embodiments

[0268] Inindividual embodiments as described above, first
and second data signal lines for one pixel column are pro-
vided at sides of the pixel column, respectively. However, the
present invention is not limited to this configuration. For
example, as shown in FIG. 53, first and second data signal
lines for a pixel column may be provided in such a manner
that the first data signal line (e.g. S1x or Sla) is positioned at
one side of the pixel column and the second data signal line
(e.g. S1y or S1b) are positioned so as to overlap the pixel
column. This configuration allows the data signal lines to be
separated from each other, thereby reducing parasitic capaci-
tance between the data signal lines. Further, this configuration
allows maintaining a wider distance between the data signal
lines, compared with a configuration in which data signal
lines for a pixel column are provided at sides of the pixel
column, respectively. This allows reducing the ratio of short-
circuits between data signal lines, thereby increasing the yield
ratio of products. It should be noted that since this configu-
ration requires overlapping of a data signal line and a pixel
electrode of each pixel, it is desirable to thicken an interlayer
insulating film on the data signal line (e.g. use an organic
insulating film as the interlayer insulating film).

[0269] When performing refreshing in a 1V inversion driv-
ing (driving in which the polarity of a signal potential sup-
plied to a data signal line is inverted with respect to 1 frame)
shown in FIGS. 9-12, it is possible to set a refresh potential Vr
based on a signal potential Vp during the previous horizontal
scanning period, a signal potential Vq during a current hori-
zontal scanning period, and a potential Vcom of a common
electrode on a counter substrate that faces an active matrix
substrate (active refresh). For example, assume that Vr=Vq+
{(Vg-Vcom)-(Vp-Vcom)}/2. In this case, a refresh period
is set to 90-100 percent with respect to a time constant of a
data signal line (time constant of a source line). FIG. 57 is a
waveform chart showing variations in reached potential of a
current horizontal scanning period due to the level of a poten-
tial supplied during the previous horizontal scanning period
in a case where the above-described active refresh is per-
formed with a refresh period being 90 percent of the time
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constant of a data signal line. It is understood from FIG. 57
that reached potentials of pixels are well uniformed and the
reached potentials are substantially equal to set grayscale
potentials in respective cases of grayscale 0 (previous hori-
zontal scanning period)—grayscale 100 (current horizontal
scanning period), grayscale 100—grayscale 100, and gray-
scale 255 (previous horizontal scanning period)—>grayscale
100. FIG. 58 is a waveform chart showing variations in
reached potential of a current horizontal scanning period due
to the level of a potential supplied during the previous hori-
zontal scanning period in a case where the above-described
active refresh is performed with a refresh period being 100
percent of the time constant of a data signal line. It is under-
stood from FIG. 58 that reached potentials of pixels are better
uniformed and the reached potentials are substantially equal
to set grayscale potentials in respective cases of grayscale 0
(previous horizontal scanning period)—grayscale 100 (cur-
rent horizontal scanning period), grayscale 100—grayscale
100, and grayscale 255 (previous horizontal scanning period)
—grayscale 100.

[0270] FIG. 45 is a block diagram showing a configuration
of a liquid crystal display of the present invention which
includes the display section 10a, 10e, 10/, 10% or the like
(based on a pixel-non-division system). As shown in the
drawing, the liquid crystal display includes a display section
(liquid crystal panel), a source driver, a gate driver, a back-
light, a backlight driving circuit, a display control circuit, and
a data permutation circuit 44. The source driver drives data
signal lines, the gate driver drives scanning signal lines, the
data permutation circuit 44 permutates input data (mentioned
later), and the display control circuit controls the source
driver, the gate driver, and the backlight driving circuit.

[0271] Thedisplay control circuit 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 Dc for controlling display
operation. Further, the display control circuit 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 LS, a digital image signal DA indicative of an
image to be displayed (signal corresponding 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 to display an image indicated by the digital
video signal Dv, and the display control circuit outputs these
signals.

[0272] 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. The data clock signal SCK is gener-
ated 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 is generated,
based on the vertical sync signal VSY, as a signal which has a
H level only during a predetermined period with respect to
each frame period (each vertical scanning period). The gate
clock signal GCK is generated based on the horizontal sync
signal HSY. The latch strobe signal LS and the gate driver

Oct. 7,2010

output control signal GOE are generated based on the hori-
zontal sync signal HSY and the control signal Dc.

[0273] Among the signals thus generated by the display
control circuit, the digital image signal DA, the latch strobe
signal LS, a signal POL for controlling the polarity of a signal
potential (data signal potential), the data start pulse signal
SSP, and the data clock signal SCK are input to the source
driver, 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.

[0274] Based on the digital image signal DA, the data clock
signal SCK, the latch strobe signal LS, the data start pulse
signal SSP, and the polarity inversion signal POL, the source
driver sequentially generates data signals that are analog volt-
ages corresponding to pixel values in each horizontal scan-
ning line of an image represented by the digital image signal
DA, and applies the data signals to source lines (e.g. S1x and
S1y).

[0275] Based on the gate start pulse signal GSP, the gate
clock signal GCK, and the gate driver output control signal
GOE, the gate driver generates scanning signals and applies
the scanning signals to gate lines, so as to selectively drive the
gate lines.

[0276] As described above, the source driver and the gate
driver drive the source lines and the gate lines of the display
section (liquid crystal panel), so that a signal potential is
written in a pixel electrode from a data signal line via a TFT
connected with the selected scanning signal line. Thus, a
voltage corresponding to the digital image signal DA is
applied to the liquid crystal layer in individual pixels, and
application of the voltage controls transmittance of light from
the backlight, enabling the display section to display an image
indicated by the digital video signal Dv.

[0277] FIG. 46 is a block diagram showing a configuration
of a liquid crystal display of the present invention which
includes the display section 10¢, 10g, 105, 10p or the like
(pixel-division system). The liquid crystal display includes a
CS control circuit in addition to the configuration of FIG. 45.
The CS control circuit is a circuit for controlling a phase, a
cycle etc. of a CS signal for controlling a potential of a
retention capacitance line (CS line). The CS control circuit
receives a gate start pulse signal GSP and a gate clock signal
GCK that are supplied from the display control circuit.
[0278] AsshowninFIG. 47, theliquid crystal display of the
present invention may be arranged such that an upper domain
and a lower domain are provided in a display section (based
on a pixel-non-division system) and each domain is provided
with data signal lines, scanning signal lines, and pixels, and
the data signal lines, the scanning signal lines, and the pixels
are driven with respect to each domain. In this configuration,
data signal lines are separately provided in the upper domain
and the lower domain, and the data signal lines in the upper
domain and the data signal lines in the lower domain are
driven by first and second source drivers, respectively. Fur-
ther, scanning signal lines G1, G2, . . . in the upper domain are
driven by a first gate driver GD1 and scanning signal lines g1,
g2, ...inthe lower domain are driven by a second gate driver
GD2. Further, the first and second source drives receive DA1
and DA2, respectively, from the display control circuit. In a
case where the display section is based on a pixel-division
system, the liquid crystal display may be configured as shown
in FIG. 48. That is, the liquid crystal display shown in FIG. 48
includes, in addition to the configuration shown in FIG. 47, a
first CS control circuit CSC1 corresponding to the upper
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domain and a second CS control circuit CSC2 corresponding
to the lower domain. The first CS control circuit CSC1 con-
trols retention capacitance lines in the upper domain and the
second CS control circuit CSC2 controls retention capaci-
tance lines in the lower domain.

[0279] (a) and (b) of FIG. 49 show a configuration of a gate
driver. As shown in the drawings, the gate driver includes gate
driver IC (Integrated Circuit) chips 411a, 411p,. . . 411¢
serving as partial circuits each including a shift register 40
(see (b) of FIG. 49). As shown in Fig. (b) of 49, each of the
gate driver IC chips includes the shift register 40, first AND
gates 42 and second AND gates 43 that are provided so as to
correspond to individual stages of the shift register 40, and an
output section 45 for outputting scanning signals G(1), . . .
based on output signals g(1) of the second AND gates 43, and
the gate driver IC chip receives a start pulse signal SPi, a clock
signal CK, and an output control signal OE that are supplied
from outside.

[0280] The start pulse signal SPi is supplied to an input
terminal of the shift register 40, and a start pulse signal SPo to
be supplied to a subsequent gate driver IC chip is supplied
from an output terminal of the shift register 40. Further, each
of the first AND gates 41 receives a logic inversion signal of
the clock signal CK, and each of the second AND gates 43
receives a logic inversion signal of the output control signal
OE. Output signals Qk (k=1, . . . ) from individual stages of
the shift register 40 are supplied to first AND gates 41 corre-
sponding to the stages, and output signals from the first AND
gates 41 are supplied to second AND gates 43 corresponding
to the stages.

[0281] Asshownin (a)of FIG. 49, the gate driver is realized
by cascade-connecting the plurality of gate driver IC chips
411a-411¢ each having the above configuration. That is, in
order that the shift registers 40 in the gate driver IC chips
411a-4114 constitute one shift register, an output terminal of
a shift register in a gate driver IC chip (output terminal for the
start pulse signal SPo) is connected with an input terminal of
a shift register in the next gate driver IC chip (input terminal
for the start pulse signal SPi).

[0282] It should be noted that a gate start pulse signal GSP
is supplied from the display control circuit to the shift register
in the gate driver IC chip 4114 at the head and the shift register
in the gate driver IC chip 411¢ at the end is not connected with
the outside. Further, a gate clock signal GCK from the display
control circuit is supplied to individual gate driver IC chips as
a clock signal CK common among the gate driver IC chips.
On the other hand, the gate driver output control signal GOE
generated in the display control circuit includes a first gate
driver output control signal GOE1 to a qth gate driver output
control signal GOEq. The first gate driver output control
signal GOE1 to the qth gate driver output control signal
GOEq are supplied as output control signals OE to the gate
driver IC chips (411a to 411¢), respectively.

[0283] FIG. 50 shows a configuration of a data permutation
circuit 44 (see FIGS. 45-48) used in the liquid crystal display
of the present invention. As shown in FIG. 50, the data per-
mutation circuit 44 includes a permutation control circuit 61,
a first line memory 51A and a second line memory 51B. The
permutation control circuit 61 serializes parallel input data
corresponding to two lines (two pixel rows) using input sig-
nals Dv, HSY, VSY, and Dc, and considers the serialized data
as output data corresponding to one horizontal scanning
period (1H). For example, the permutation control circuit 61
temporarily writes individual data corresponding to an odd-
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number-positioned pixel row in the first line memory 51A,
and temporarily writes individual data corresponding to a
next row (even-number-positioned pixel row) in the second
line memory 51B, and reads out data alternately from the first
line memory 51A and the second line memory 51B, thereby
serializing parallel input data corresponding to two lines (two
pixel rows). Data which are read out alternately from the first
line memory 51A and the second line memory 51B corre-
spond to signal potentials supplied to first and second data
signal lines.

[0284] (a) and (b) of FIG. 51 show a configuration of a
source driver in a case where a refresh period is provided in
theliquid crystal display of the present invention. As shown in
(a) of FIG. 51, the source driver includes buffers 31, data
output switches SWa, and refresh switches SWh correspond-
ing to individual data signal lines. Each of the buffers 31
receives corresponding data d, and an output of the buffer 31
is connected with an output terminal to a data signal line via
a data output switch SWa. Further, output terminals respec-
tively corresponding to adjacent two data signal lines are
connected with each other via a refresh switch SWh. That is,
the refresh switches SWh are connected in series, and one
terminal thereof is connected with a refresh potential supply
source 35 (Vcom). LS (latch strobe signal) is supplied to a
gate terminal of a data output switch SWa via an inverter 33,
and an LS signal is supplied to a gate terminal of a refresh
switch SWh. This configuration is preferably used in a case
where charge sharing of a refresh potential is relatively easy
(in a case of using the display section 105, 10f or the like in
which adjacent data signal lines do not have the same polar-
ity).

[0285] The configuration shown in (a) of FIG. 51 may be
arranged as shown in (b) of FIG. 51. The arranged configu-
ration is such that refresh switches SWc are connected with
only corresponding data signal lines and a refresh potential
supply source 35 (Vcom), and the refresh switches SWc are
not connected with one another in series. This configuration
allows speedily supplying a refresh potential to individual
data signal lines. This configuration is preferably used in a
case where charge sharing of a refresh potential is relatively
difficult (in a case of using the display section 10q, 10e, 10k or
the like in which adjacent data signal lines have the same
polarity).

[0286] In the above embodiments, an explanation was
made as to a case where a refresh potential is Vcom. However,
the present invention is not limited to this case. For example,
the present invention may be arranged such that a suitable
refresh potential is calculated based on the level of a potential
supplied to a data signal line during previous horizontal scan-
ning period and a signal potential to be supplied to the data
signal line during a current horizontal scanning period, and
the refresh potential thus calculated is supplied to the data
signal line. The configuration of the source driver in this case
is shown in FIG. 52. In this configuration, data output buffers
131, refresh buffers 132, data output switches SWa, and
refresh switches SWe are provided in such a manner as to
correspond to individual data signal lines. Each of the data
output buffers 131 receives corresponding data d, and an
output of the data output buffer 131 is connected with an
output terminal to a data signal line via a data output switch
SWa. To the refresh buffer 132 is supplied corresponding
non-image data N (data corresponding to a suitable refresh
potential determined based on the level of a potential supplied
during previous horizontal scanning period and a signal
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potential to be supplied during a current horizontal scanning
period), and an output of the refresh buffer 132 is connected
with an output terminal to a data signal line via the refresh
switch SWe.

[0287] Next, the following explains one example of con-
figuration of applying the liquid crystal display according to
the present invention to a television receiver. FIG. 54 is a
block diagram showing a configuration of a liquid crystal
display 800 for a television receiver. The liquid crystal dis-
play 800 includes a liquid crystal display unit 84, a Y/C
separation circuit 80, a video chroma circuit 81, an A/D
converter 82, a liquid crystal controller 83, a backlight drive
circuit 85, a backlight 86, a microcomputer 87, and a grada-
tion circuit 88. The liquid crystal panel 84 includes: a liquid
crystal panel; and a source driver and a gate driver each for
driving the liquid crystal panel.

[0288] In the liquid crystal display 800 having the afore-
mentioned configuration, a complex color video signal Scv as
a television 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 primary colors of light in the video chroma circuit 81.
Further, 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.
[0289] The liquid crystal display unit 84 receives, from the
liquid crystal controller 83, the digital RGB signals as well as
timing signals based on the sync signals with predetermined
timing. Further, the gradation circuit 88 generates gradation
potentials corresponding to three primary colors R, G, and B
for color display, and supplies the gradation potentials to the
liquid crystal display unit 84. In the liquid crystal display unit
84, drive signals (data signals=signal potentials, scanning
signals etc.) are generated by source driver, gate driver etc. in
accordance with the RGB signals, the timing signals, and the
gradation potentials, and a color image is displayed by a
liquid crystal panel. In order to enable the liquid crystal
display unit 84 to display an image, it is necessary to emit
light from the backside of the liquid crystal panel in the liquid
crystal display unit. In the liquid crystal display 800, under
control of the microcomputer 87, the backlight drive circuit
85 drives the backlight 86 so as to emit light to the backside of
the liquid crystal panel.

[0290] 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
liquid crystal display 800, image display in accordance with
various video signals can be performed.

[0291] Indisplaying an image by the liquid crystal display
800 in accordance with television broadcast, a tuner section
90 is connected to the liquid crystal display 800 as shown in
FIG. 55, and thus a television receiver 601 of the present
invention is provided. The tuner section 90 extracts a channel
signal to be received from waves (high-frequency signals)
received by an antenna (not shown), and converts the channel
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signal to an intermediate frequency signal. The tuner section
90 detects the intermediate frequency signal, thereby extract-
ing the complex color video signal Scv as the television
signal. The complex color video signal Scv is inputted to the
liquid crystal display 800 as described above and an image is
displayed by the liquid crystal display 800 in accordance with
the complex color video signal Scv.

[0292] FIG. 56 is an exploded perspective view showing
one example of configuration of the television receiver of the
present invention. As shown in the drawing, the television
receiver 601 includes, as components thereof, a first housing
801 and a second housing 806 in addition to the liquid crystal
display 800. The liquid crystal display 800 is arranged such
that the first and second housings 801 and 806 hold the liquid
crystal display 800 so as to wrap therein the liquid crystal
display 800. The first housing 801 has an opening 801a for
transmitting an image displayed on a liquid crystal display
800. On the other hand, the second housing 806 covers a back
side of the liquid crystal display 800. The second housing 806
is provided with an operating circuit 805 for operating the
liquid crystal display 800. The second housing 806 is further
provided with a supporting member 808 therebelow.

[0293] Inthe present embodiment, the potential of a reten-
tion capacitance line is controlled in response to a retention
capacitance line signal supplied to the retention capacitance
line. In this case, the above explanation may be interpreted
that the potential (level) of a retention capacitance line indi-
cates the potential (level) of a retention capacitance line sig-
nal supplied to the retention capacitance line.

[0294] Further, “the polarity of a potential” indicates being
not more than a reference potential or being not less than a
reference potential. Plus polarity indicates being not less than
a reference potential, and minus polarity indicates being not
more than a reference potential. The reference potential may
be Vcom (common potential) that is a potential of a common
electrode (counter electrode) or any other potential.

[0295] Further, “inversion of the polarity of a potential”
indicates shifting from the level of not more than a reference
potential to the level of not less than the reference potential, or
shifting from the level of not less than a reference potential to
the level of not more than the reference potential. As
described above, the reference potential may be Vcom (com-
mon potential) that is a potential of a common electrode
(counter electrode) or any other potential. Accordingly,
“inversion of a potential (inversion of the polarity of a poten-
tial)” may be interpreted as “shift of the level of a potential”.
[0296] 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.

INDUSTRIAL APPLICABILITY

[0297] The liquid crystal panel and the liquid crystal dis-
play of the present invention are preferably applicable to a
liquid crystal television receiver for example.

1. A liquid crystal display, having pixels aligned in a row
direction and a column direction, the row direction being a
direction in which scanning signal lines are extended,

the liquid crystal display comprising pixel columns, first

data signal lines, and second data signal lines,

a first data signal line and a second data signal line being

provided for each pixel column, one pixel included in the
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pixel column being connected with a scanning signal
line and one of the first data signal line and the second
data signal line, and signal potentials with opposite
polarities being supplied to the first data signal line and
the second data signal line, respectively,
in a case where a predetermined pixel in the pixel column
is regarded as a first pixel from which counting of a pixel
starts, an odd-number-positioned pixel and an even-
number-positioned pixel in a scanning direction are
paired, n (n is a natural number) pairs are regarded as a
group, and each group is given a count number,
each group being configured such that two pixels in each
pair are connected with different data signal lines and
each odd-number-positioned pixel is connected with
one data signal line, and

in two groups with successive count numbers, an odd-
number-positioned pixel in one group and an odd-
number-positioned pixel in the other group being con-
nected with different data signal lines.
2. The liquid crystal display as set forth in claim 1, wherein
a polarity of a signal potential supplied to a data signal line is
inverted with respect to n horizontal scanning period.
3. The liquid crystal display as set forth in claim 1, wherein
a group is selected according to the count number, in the
selected group, scanning signal lines respectively connected
with two pixels in a pair are simultaneously selected, and
when n is 2 or more, the simultaneous selection is sequen-
tially performed with respect to each pair.
4. A liquid crystal display, having pixels aligned in a row
direction and a column direction, the row direction being a
direction in which scanning signal lines are extended,
the liquid crystal display comprising pixel columns, first
data signal lines, and second data signal lines,
a first data signal line and a second data signal line being
provided for each pixel column, one pixel included in the
pixel column being connected with a scanning signal
line and one of the first data signal line and the second
data signal line, and signal potentials with opposite
polarities being supplied to the first data signal line and
the second data signal line, respectively,
in a case where a predetermined pixel in the pixel column
is regarded as a first pixel from which counting of a pixel
starts, an odd-number-positioned pixel and an even-
number-positioned pixel counted in a scanning direction
are paired, and each pair is given a count number,
two pixels in each pair being connected with different
data signal lines, and

an odd-number-positioned pixel in one of two pairs with
successive count numbers and an odd-number-posi-
tioned pixel in the other of the two pairs with succes-
sive count numbers being connected with a same data
signal line.

5. The liquid crystal display as set forth in claim 4, wherein
apolarity of a signal potential supplied to each data signal line
is inverted with respect to each vertical scanning period.

6. The liquid crystal display as set forth in claim 4, wherein
simultaneous selection of scanning signal lines that are
respectively connected with two pixels in a pair is performed
according to the count number with respect to each pair.

7. The liquid crystal display as set forth in claim 1, wherein
pixels in one pixel row are connected with one scanning
signal line, a first data signal line for one of adjacent two pixel
columns and a first data signal line for the other of the adja-
cent two pixel columns are supplied with a signal potential
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with a same potential, and connections with a first data signal
line and a second data signal line are made oppositely
between pixels adjacent in a row direction.

8. The liquid crystal display as set forth in claim 7, wherein
a first data signal line and a second data signal line for a pixel
column are provided at both sides of the pixel column, and a
first data signal line for one of adjacent two pixel columns and
a second data signal line for the other of the adjacent two pixel
columns are adjacent to each other without a pixel column
therebetween or a second data signal line for one of adjacent
two pixel columns and a first data signal line for the other of
the adjacent two pixel columns are adjacent to each other
without a pixel column therebetween.

9. The liquid crystal display as set forth in claim 7, wherein
a first data signal line and a second data signal line for a pixel
column are provided at both sides of the pixel column, and a
first data signal line for one of adjacent two pixel columns and
a first data signal line for the other of the adjacent two pixel
columns are adjacent to each other without a pixel column
therebetween or a second data signal line for one of adjacent
two pixel columns and a second data signal line for the other
of the adjacent two pixel columns are adjacent to each other
without a pixel column therebetween.

10. The liquid crystal display as set forth in claim 1,
wherein the odd-number-positioned pixel and the even-num-
ber-positioned pixel in a pair are adjacent to each other.

11. The liquid crystal display as set forth in claim 10,
wherein each pixel other than 2xnxi+1* (i is a natural num-
ber) pixel and its upstream-adjacent pixel are connected with
different data signal lines and the 2xnxi+1** pixel and its
upstream-adjacent pixel are connected with a same data sig-
nal line, and

the scanning signal lines are sequentially selected with
starting from a scanning signal line connected with the
predetermined pixel in such a manner that adjacent two
scanning signal lines are selected simultaneously.

12. The liquid crystal display as set forth in claim 1,

wherein n=1.

13. The liquid crystal display as set forth in claim 4,
wherein two pixels in a pair are adjacent to each other.

14. The liquid crystal display as set forth in claim 13,
wherein

each pixel positioned at downstream side in a scanning
direction from the predetermined pixel and a pixel at an
upstream-adjacent position of said each pixel in the
scanning direction are connected with different data sig-
nal lines, and

the scanning signal lines are sequentially selected with
starting from a scanning signal line connected with the
predetermined pixel in such a manner that adjacent two
scanning signal lines are selected simultaneously.

15. A liquid crystal display, having pixels aligned in a row
direction and a column direction, the row direction being a
direction in which scanning signal lines are extended,

the liquid crystal display comprising pixel columns, first
data signal lines, and second data signal lines,

a first data signal line and a second data signal line being
provided for each pixel column, one pixel included in the
pixel column being connected with a scanning signal
line and one of the first data signal line and the second
data signal line, and signal potentials with opposite
polarities being supplied to the first data signal line and
the second data signal line, respectively,
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in a case where a predetermined pixel in the pixel column
is regarded as a first pixel from which counting of pixel
starts, two odd-number-positioned pixels counted in a
scanning direction are paired and two even-number-
positioned pixels counted in the scanning direction are
paired, and a group including n (n is a natural number)
pair consisting of two odd-number-positioned pixels
and a group including n pair consisting of two even-
number-positioned pixels are alternately given count
numbers,

two pixels in each pair are connected with different data

signal lines, and a polarity of a signal potential supplied
to a data signal line is inverted with respect to n horizon-
tal scanning period.

16. The liquid crystal display as set forth in claim 15,
wherein a group is selected according to the count number, in
the selected group, scanning signal lines respectively con-
nected with two pixels in a pair are simultaneously selected,
and when n is 2 or more, the simultaneous selection is sequen-
tially performed with respect to each pair.

17. The liquid crystal display as set forth in claim 15,
wherein a polarity of a signal potential supplied to a first data
signal line and a second data signal line for one of adjacent
two pixel columns is different from a polarity of a signal
potential supplied to a first data signal line and a second data
signal line for the other of the adjacent two pixel columns.

18. The liquid crystal display as set forth in claim 15,
wherein the two pixels in each pair are two pixels with suc-
cessive odd count numbers or two pixels with successive even
count numbers.

19. The liquid crystal display as set forth in claim 1,
wherein

there are provided a plurality of retention capacitance lines

whose potentials are controllable,

the pixel includes a first transistor, second transistor, a first

pixel electrode, and a second pixel electrode,

the first pixel electrode and the second pixel electrode are

connected with a same data signal line via the first tran-
sistor and the second transistor, respectively,

the first transistor and the second transistor are connected

with the scanning signal line,

the first pixel electrode and the second pixel electrode form

retention capacitances with different retention capaci-
tance lines, respectively,

potentials of the different retention capacitance lines with

which the first pixel electrode and the second pixel elec-
trode form retention capacitances are caused to shift
their levels in an opposite direction to each other in
synchronization with or after completion of scanning of
the scanning signal line with which the first transistor
and the second transistor are connected.

20. The liquid crystal display as set forth in claim 19,
wherein

aretention capacitance line is provided for two pixels adja-

cent in a column direction, and

a first pixel electrode or a second pixel electrode provided

in one of the two pixels and a first pixel electrode or a
second pixel electrode provided in the other of the two
pixels form retention capacitances with the retention
capacitance line.

21. The liquid crystal display as set forth in claim 1,
wherein during each horizontal scanning period, the first data
signal line and the second data signal line are supplied with a
preliminary potential and thereafter with the signal potential.
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22. The liquid crystal display as set forth in claim 21,
wherein the preliminary potential has a constant value.

23. The liquid crystal display as set forth in claim 22,
wherein the constant value is a middle value of a range of the
signal potential.

24. The liquid crystal display as set forth in claim 20,
wherein the preliminary potential is determined based on a
signal potential supplied to a data signal line during a previ-
ous horizontal scanning period and a signal potential to be
supplied to the data signal line during a current horizontal
scanning period.

25. The liquid crystal display as set forth in claim 21,
wherein an intermediate selection period is provided between
scanning periods for a scanning signal line in accordance with
timing of supplying the preliminary potential, and the pre-
liminary potential is written in a pixel connected with the
scanning signal line during the intermediate selection period.

26. The liquid crystal display as set forth in claim 1,
wherein one of the first data signal line and the second data
signal line is provided at one side of the pixel column and the
other of the first data signal line and the second data signal
line is provided in such a manner as to overlap the pixel
column.

27. The liquid crystal display as set forth in claim 3,
wherein the simultaneously selected scanning signal lines are
connected in a liquid crystal panel or connected with a same
output of a gate driver for driving the scanning signal lines.

28. The liquid crystal display as set forth in claim 1,
wherein a display section includes a plurality of domains, and
each of the plurality of domains includes data signal lines,
scanning signal lines, and pixels, and the data signal lines,
scanning signal lines, and the pixels included in each domain
are driven with respect to said each domain.

29. The liquid crystal display as set forth in claim 1,
wherein the number of frames displayed per one second is
more than 60.

30. The liquid crystal display as set forth in claim 11,
wherein

there are provided a plurality of retention capacitance lines
whose potentials are controllable, each pixel includes a
first transistor, a second transistor, a first pixel electrode,
and a second pixel electrode, the first pixel electrode and
the second pixel electrode are connected with a same
data signal line via the first transistor and the second
transistor, respectively, the first transistor and the second
transistor are connected with a same scanning signal
line, the first pixel electrode and the second pixel elec-
trode form retention capacitances with different reten-
tion capacitance lines, respectively,

a retention capacitance line is provided for adjacent two
pixels in the pixel column, one of a first pixel electrode
and a second pixel electrode of one of the adjacent two
pixels and one of a first pixel electrode and a second
pixel electrode of the other of the adjacent two pixels
form retention capacitances with the retention capaci-
tance line provided for the two pixels,

retention capacitance lines that form retention capaci-
tances with a first pixel electrode and a second pixel
electrode in a first-positioned pixel positioned first
among all the pixels are first-positioned and second-
positioned retention capacitance lines, the second-posi-
tioned retention capacitance line also forms retention
capacitance with one of a first pixel electrode and a
second pixel electrode of a second-positioned pixel
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positioned second among all the pixels, and at a time of
completion of writing of the first-positioned and second-
positioned pixels or after the completion, potentials of
the first-positioned and second-positioned retention
capacitance lines shift simultaneously and in an opposite
direction,

between two successive odd-number-positioned retention
capacitance lines counted in a scanning direction from
the first-positioned retention capacitance line, shift of a
potential of a former of the two successive odd-number-
positioned retention capacitance lines is followed after 1
horizontal scanning period by shift of potential of a latter
of the two successive odd-number-positioned retention
capacitance lines in a same direction, and between two
successive even-number-positioned retention capaci-
tance lines, shift of a potential of a former of the two
successive even-number-positioned retention capaci-
tance lines is followed after 1 horizontal scanning period
by shift of a potential of a latter of the two successive
even-number-positioned retention capacitance lines in a
same direction.

31. The liquid crystal display as set forth in claim 18,

wherein

there are provided a plurality of retention capacitance lines
whose potentials are controllable, each pixel includes a
first transistor, a second transistor, a first pixel electrode,
and a second pixel electrode, the first pixel electrode and
the second pixel electrode are connected with a same
data signal line via the first transistor and the second
transistor, respectively, the first transistor and the second
transistor are connected with a same scanning signal
line, the first pixel electrode and the second pixel elec-
trode form retention capacitances with different reten-
tion capacitance lines, respectively,

a retention capacitance line is provided for adjacent two
pixels in the pixel column, one of a first pixel electrode
and a second pixel electrode of one of the adjacent two
pixels and one of a first pixel electrode and a second
pixel electrode of the other of the adjacent two pixels
form retention capacitances with the retention capaci-
tance line provided for the adjacent two pixels,

retention capacitance lines that form retention capaci-
tances with a first pixel electrode and a second pixel
electrode in a first-positioned pixel positioned first
among all the pixels are first-positioned and second-
positioned retention capacitance lines, the second-posi-
tioned retention capacitance line also forms retention
capacitance with one of a first pixel electrode and a
second pixel electrode of a second-positioned pixel
positioned second among all the pixels, and at a time of
completion of writing of the first-positioned and second-
positioned pixels or after the completion, potentials of
the first-positioned and second-positioned retention
capacitance lines shift simultaneously and in an opposite
direction,

when every successive two odd-number-positioned reten-
tion capacitance lines are paired based on counting in a
scanning direction from the first-positioned retention
capacitance line, potentials of two retention capacitance
lines in each pair are shifted simultaneously in a same
direction, and between adjacent two pairs, shift of poten-
tials of retention capacitance lines in a pair at upstream
side of a scanning direction is followed after 2 horizontal

28

Oct. 7,2010

scanning periods by shift of potentials of retention
capacitance lines in a pair at downstream side of the
scanning direction, and

when every successive two even-number-positioned reten-
tion capacitance lines are paired, potentials of two reten-
tion capacitance lines in each pair are shifted simulta-
neously in a same direction, and between adjacent two
pairs, shift of potentials of retention capacitance lines in
a pair at upstream side of a scanning direction is fol-
lowed after 2 horizontal scanning periods by shift of
potentials of retention capacitance lines in a pair at
downstream side of the scanning direction.

32. A method for driving a liquid crystal display,

the liquid crystal display having pixels aligned in a row
direction and a column direction, the row direction being
a direction in which scanning signal lines are extended,

the liquid crystal display comprising pixel columns, first
data signal lines, and second data signal lines,

a first data signal line and a second data signal line being
provided for each pixel column, one pixel included in the
pixel column being connected with a scanning signal
line and one of the first data signal line and the second
data signal line,

in a case where a predetermined pixel in the pixel column
is regarded as a first pixel from which counting of a pixel
starts, an odd-number-positioned pixel and an even-
number-positioned pixel in a scanning direction are
paired, n (n is a natural number) pairs are regarded as a
group, and each group is given a count number,
each group being configured such that two pixels in each

pair are connected with different data signal lines and
each odd-number-positioned pixel is connected with
one data signal line, and

in two groups with successive count numbers, an odd-
number-positioned pixel in one group and an odd-num-
ber-positioned pixel in the other group being connected
with different data signal lines,

the method comprising the steps of:

supplying signal potentials with opposite polarities to the
first data signal line and the second data signal line,
respectively,

inverting a polarity of a signal potential supplied to a data
signal line with respect to n horizontal scanning period,

selecting a group according to the count number, and

performing simultaneous selection of scanning signal lines
respectively connected with two pixels in a pair in the
selected group, whereby when n is 2 or more, the simul-
taneous selection is sequentially performed with respect
to each pair.

33. A method for driving a liquid crystal display,

the liquid crystal display having pixels aligned in a row
direction and a column direction, the row direction being
a direction in which scanning signal lines are extended,

the liquid crystal display comprising pixel columns, first
data signal lines, and second data signal lines,

a first data signal line and a second data signal line being
provided for each pixel column, one pixel included in the
pixel column being connected with a scanning signal
line and one of the first data signal line and the second
data signal line,

in a case where a predetermined pixel in the pixel column
is regarded as a first pixel from which counting of'a pixel
starts, an odd-number-positioned pixel and an even-
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number-positioned pixel counted in a scanning direction

are paired, and each pair is given a count number,

two pixels in a pair being connected with different data
signal lines, and

an odd-number-positioned pixel in one of two pairs with
successive count numbers and an odd-number-posi-
tioned pixel in the other of the two pairs with succes-
sive count numbers being connected with a same data
signal line,

the method comprising the steps of:

supplying signal potentials with opposite polarities to the
first data signal line and the second data signal line,
respectively,

inverting a polarity of a signal potential supplied to each
data signal line with respect to each vertical scanning
period, and

simultaneously selecting scanning signal lines that are
respectively connected with two pixels in a pair accord-
ing to the count number with respect to each pair.

34. A method for driving a liquid crystal display,

the liquid crystal display having pixels aligned in a row
direction and a column direction, the row direction being
a direction in which scanning signal lines are extended,

the liquid crystal display comprising pixel columns, first
data signal lines, and second data signal lines,

a first data signal line and a second data signal line being
provided for each pixel column, one pixel included in the
pixel column being connected with a scanning signal
line and one of the first data signal line and the second
data signal line,
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in a case where a predetermined pixel in the pixel column
is regarded as a first pixel from which counting of pixel
starts, two odd-number-positioned pixels counted in a
scanning direction are paired and two even-number-
positioned pixels counted in the scanning direction are
paired, and a group including n (n is a natural number)
pair consisting of two odd-number-positioned pixels
and a group including n (n is a natural number) pair
consisting of two even-number-positioned pixels are
alternately given count numbers,
two pixels in a pair are connected with different data

signal lines, the method comprising the steps of:

supplying signal potentials with opposite polarities to the
first data signal line and the second data signal line,
respectively,

inverting a polarity of a signal potential supplied to a data
signal line with respect to n (n is a natural number)
horizontal scanning period,

selecting a group according to the count number, and

simultaneously selecting scanning signal lines respectively
connected with two pixels in a pair in the selected group,
whereby when n is 2 or more, the simultaneous selection
is sequentially performed with respect to each pair.

35. A television receiver, comprising

a liquid crystal display as set forth in claim 1, and

a tuner section for receiving television broadcasting.

Ed sk sk Ed Ed
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