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LIQUID CRYSTAL DISPLAY DEVICE,
LIQUID CRYSTAL DISPLAY METHOD,
DISPLAY CONTROL DEVICE, AND DISPLAY
CONTROL METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device, a liquid crystal display method, a display control
device, and a display control method. The present invention
relates more specifically to a liquid crystal display device, a
liquid crystal display method, a display control device, and a
display control method that are capable of suppressing the
occurrence of inconsistencies in the form of streaks without
the size of a thin-film transistor (TFT) being increased.
[0003] 2. Description of the Related Art

[0004] FIG. 1 shows a schematic diagram of an active
matrix of a liquid crystal display panel used in, for example,
liquid crystal televisions or the like. Here, four rows denoted
by n through n+3 and four columns denoted by m through
m+3 are shown. Although the pixel positioned at (n+1, m+3)
is used as an example to describe constituent elements that
constitute one of pixels, the constituent elements of each of
the pixels of the liquid crystal panel are the same as those of
the pixel positioned at (n+1, m+3), as a matter of course.
[0005] A pixel electrode is provided to each of the pixels
that perform display, and a liquid crystal capacitor 11 is
formed between the pixel electrode and a common electrode
opposite the pixel electrode with liquid crystal therebetween.
For each pixel electrode, a TFT 12 that functions as a switch
is formed, a gate electrode of the TFT 12 is connected to a gate
bus line 14, a source electrode of the TFT 12 is connected to
a source bus line 13, and a drain electrode of the TFT 12 is
connected to the pixel electrode.

[0006] Representative examples of a pattern of the polarity
arrangement of pixels in a case where liquid crystal is driven
will be described using FIGS. 2 and 3.

[0007] The pattern of the polarity arrangement shown in
FIG. 2 is the most common, and is called dot inversion driv-
ing. In the pattern of the polarity arrangement, pixels of
positive polarity and pixels of negative polarity are arranged
in a checkerboard manner. In dot inversion driving, for
example, pixels positioned at the top, the bottom, the right,
and the left of a pixel of positive polarity at an arbitrary
position have negative polarity. Similarly, pixels positioned at
the top, the bottom, the right, and the left of a pixel of negative
polarity at an arbitrary position have positive polarity. This
pattern has an advantage in that even when the absolute value
of the voltage of pixels of positive polarity and the absolute
value of the voltage of pixels of negative polarity are not
balanced because of inconsistencies in the common voltage,
inconsistencies or flicker tends not to occur. However, in dot
inversion driving, since the polarity of the output of a source
bus line is inverted between positive and negative polarities in
units of one line, there is a disadvantage in that the power
consumption of a driver integrated circuit (IC) becomes large.
In particular, when high-speed writing at 120 Hz or higher is
performed in order to realize high-speed responsivity, this
disadvantage becomes a severe problem.

[0008] Thus, at the time of high-speed driving, as shown in
FIG. 3, vertical line inversion driving in which the polarity of
pixels arranged in the vertical direction is not inverted within
one frame is often performed (for example, see Japanese
Unexamined Patent Application Publication No. 63-55590).
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[0009] When liquid crystal driving is performed, it is ideal
that the electric potential whose value is the center point
between the positive and negative voltages applied to pixels is
applied to the common electrode formed on the counter sub-
strate, liquid crystal being provided between the pixel and
common electrodes. When the value of a voltage applied to
the common electrode has the central electric potential, the
effective voltage applied to the liquid crystal is balanced in
terms of positive and negative polarities and brightness does
not vary between frames even when display is continuously
performed at the same tone. However, it is significantly dif-
ficult to make the common voltage be optimal over the entire
display unit because of various factors such as use of a trans-
parent electrode ITO whose resistance is relatively high as the
common electrode, the resistance of bus lines near TFTs, the
parasitic capacitance of TFTs, TFT leakage, variations in
liquid crystal capacitance. In this case, the effective voltage
applied to a pixel of positive polarity is different from the
effective voltage applied to a pixel of negative polarity pixel,
and thus there is a problem in that the variations in brightness
occur in units of one frame, that is, flicker occurs.

[0010] In dot inversion driving described using FIG. 2,
positive and negative polarities are finely and evenly arranged
in a mixed manner and the variations in brightness cancel
each other out, whereby the degree of perception of flicker is
greatly reduced. However, when vertical line inversion is
employed, flicker occurs in the form of vertical streaks since
positive polarities or negative polarities are continuously
arranged in each vertical column.

[0011] The frequency at which flicker occurs is half the
frequency of the driving frequency, and thus in the case of a
normal driving frequency of DO Hz, flicker occurs at a fre-
quency of 30 Hz. Thus, the degree of perception of flicker is
very high. In contrast, when the driving frequency becomes
high such as 120 Hz or 240 Hz, flicker occurs at a frequency
of 60 Hz or 120 Hz, whereby it is not perceived as flicker by
the human eye. That is, even when vertical line inversion is
employed, if display is performed at high frequencies, gen-
eral flicker becomes unrecognizable.

[0012] Ina VA mode, there is a disadvantage regarding the
viewing-angle characteristics in halftones. In order to
improve the viewing-angle characteristics in halftones, multi-
pixel technology is widely used. FIG. 4 is a drawing illustrat-
ing a principle of a multi-pixel structure used for achieving a
wide viewing angle in liquid crystal televisions and the like. A
pixel is divided into two, for example, a sub-pixel A and a
sub-pixel B. Regarding an input tone, the pixel is configured
in such a manner that the brightness of the sub-pixel A first
increases and-then the brightness of the sub-pixel B
increases, and thus the entire brightness is adjusted so as to
satisfy a gamma characteristic.

[0013] There are a plurality of ways to differentiate the
electric potential of the sub-pixel A from the electric potential
of the sub-pixel B. For example, a dedicated TFT is provided
for each sub-pixel as shown in FIG. 5A and, as shown in an
equivalent circuit of FIG. 5C, two source bus lines are pro-
vided for the same gate bus line using the pattern of the
counter electrode ITO as shown in FIG. 5B. By driving TFTs
for the sub-pixels A and B, the electric potential of the sub-
pixel A can be differentiated from the electric potential of the
sub-pixel B.

[0014] More specifically, in FIG. 5A, a pixel electrode for
the sub-pixel A is denoted by Px1, and a pixel electrode for
the sub-pixel B is denoted by Px2. A TFT for driving the pixel
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electrode Px1 is denoted by TFT1, and a TFT for driving the
pixel electrode Px2 is denoted by TFT2. In the pixel elec-
trodes Px1 and Px2, there are slits for inclining liquid crystal
atanangle of45 degrees, which is unique to the VA mode, and
part of the slits are also used as slits for separating the pixel
electrode Px1 from the pixel electrode Px2. Similarly, liquid-
crystal orientation regulation means is necessary for the com-
mon electrode provided on the counter substrate. In FIG. 5A,
the slits are indicated by broken lines, and the slits only for the
counter electrode are shown in FIG. 5B. Here, an insulator
protrusion may be formed on the common electrode as ori-
entation regulation means. As shown in the equivalent circuit
of FIG. 5C, the pixel electrodes Px1 and Px2 are electrically
independent, and what voltages are to be applied to the pixel
electrodes Px1 and Px2 are determined by a control circuit.

SUMMARY OF THE INVENTION

[0015] As described above, vertical line inversion has an
advantage over dot inversion in terms of power consumption.
However, a problem may occur in a moving image regardless
offrame frequency. For example, as shown in FIG. 6, when an
area having a uniform tone (in this case, a box-shaped area
indicated by a in FIG. 6) moves by one dot per frame, incon-
sistencies in the form of vertical streaks of one-dot pitch
clearly appear, as shown in FIG. 7, in this area c. This phe-
nomenon is related to the moving speed of the area a. If the
area o is still, the inconsistencies do not appear. If the moving
speed is two dots per frame, the inconsistencies do not appear;
however, if the moving speed is three dots per frame, the
inconsistencies appear again.

[0016] A cause ofthis phenomenon will be described using
FIGS. 8 and 9. First, when the common voltage of the com-
mon electrode is shifted to Veom' from the central electric
potential Vcom which is the center point between the positive
and negative voltages, a difference occurs in brightness
between the positive and negative polarities, as shown in FIG.
8. As described above, if the driving frequency is high to a
certain level (for example, in the case of driving at 120 Hz,
flicker occurs at a frequency of 60 Hz), when the area ct is still,
this difference in brightness is not perceived by the human
eye.

[0017] However, it has been proved that when this area o
moves by one dot per frame as shown in FIG. 9A, the line of
sight of a person moves by one dot per frame in synchroni-
zation with the movement of the area a. As a result, the
positions of bright and dark columns are fixed with respect to
the outline of the area o whose shape is a box and on which a
person focuses, whereby inconsistencies in the form of ver-
tical streaks appear because of a difference in brightness
between the positive and negative polarities. In contrast, as
shown in FIG. 9B, when the area . moves by two dots per
frame, the positions of bright and dark columns change with
respect to the outline of the area ¢, inconsistencies in the form
of vertical streaks do not appear.

[0018] In this way, vertical line inversion has an advantage
over dot inversion in terms of power consumption; however,
it is necessary to solve the problem of the occurrence of
inconsistencies in the form of vertical streaks described using
FIGS. 6 through 9B.

[0019] Regarding the above-described multi-pixel struc-
ture, similarly to the case described using FIG. 1, there is an
arrangement in which only pixel electrodes Px1 are con-
nected to a source bus line and only pixel electrodes Px2 are
connected to the next source line; however, it is necessary to
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employ the arrangement of pixels shown in FIG. 10 in order
to solve the problem of the occurrence of inconsistencies in
the form of vertical streaks described using FIGS. 6 through
9B.

[0020] In FIG. 10, the pixel electrodes Px1 and Px2 each
have a dedicated TFT. The pixel electrodes Px1 and Px2 are
connected to right and left source bus lines in a checkerboard
manner. Thus, for each source bus line, the pixel electrodes
Px1 and Px2 are alternately connected such as Px1, Px2, Px1,
Px2, and so on.

[0021] FIGS. 11A through 12C show patterns of writing
polarity in FIG. 10. FIG. 11A shows a pattern of the polarity
arrangement of all the polarities detected through each of the
bus lines in the k-th frame. FIG. 11B shows a pattern of the
polarity arrangement regarding only the pixel electrodes Px1
in the k-th frame. FIG. 11C shows a pattern of the polarity
arrangement regarding only the pixel electrodes Px2 in the
k-th frame. FIG. 12A shows a pattern of the polarity arrange-
ment of all the polarities detected through each of the bus
lines in the k+1-th frame. FIG. 12B shows a pattern of the
polarity arrangement regarding only the pixel electrodes Px1
in the k+1-th frame. FIG. 12C shows a pattern of the polarity
arrangement regarding only the pixel electrodes Px2 in the
k+1-th frame. Here, bold pluses (+) and bold minuses (-)
indicate the pixel electrodes Px1 and regular pluses (+) and
regular minuses (-) indicate the pixel electrodes Px2.
[0022] As shown in FIGS. 11A and 12A, the output of
source bus lines indicates vertical line inversion, and it is
advantageous in terms of power consumption. As shown in
FIGS. 11B and 11C and FIGS. 12B and 12C, the polarities of
the pixels for the pixel electrodes Px1 are arranged in a
checkerboard manner and the polarities of the pixels for the
pixel electrodes Px2 are arranged in a checkerboard manner.
Thus, even when the electric potential of the common elec-
trode becomes shifted from the central electric potential
Veom, which is optimal, and a difference in brightness
occurs, the difference in brightness is canceled out between
pixels positioned within a short distance, whereby perceptible
inconsistencies do not occur.

[0023] However, there is a new problem regarding the
structure described using FIGS. 10 through 12C. More spe-
cifically, in the operation of writing described using FIGS.
11A through 12C, the polarity of the outputs of specific
source bus lines is not inverted and consumption power is
suppressed. For example, when the entire screen is white, that
is, in the case of a tone of 255/255, the maximum voltage is
applied to all pixels including the pixel electrodes Px1 and
Px2; however, since there is no change in voltage and the
maximum voltage is supplied to the bus lines on every occa-
sion, it is almost not necessary for a driver IC to feed a current
and power consumption is significantly small. However,
when a halftone is displayed, it is necessary to differentiate
the sub-pixel A from the sub-pixel B in terms of brightness in
each pixel having a multi-pixel structure. Thus, for example,
in the case of a tone of about 64/255, a tone difference is
caused such as a tone of 240/255 for the pixel electrodes Px1
and a tone of 0/255 for the pixel electrodes Px2. An actual
source driver operates with a large difference in electric
potential such as 240/255, 0/255, 240/255, 0/255, and so on,
whereby a power-consumption suppression effect decreases
and the power consumption becomes almost the same as that
in dot inversion driving.

[0024] Inan image that is actually displayed (for example,
an image received and displayed by a television tuner), a
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video whose images are all white is quite rare, and a video
usually contains many halftones. Thus, the structure
described using FIGS. 10 through 12C greatly decreases an
advantage obtained as a result of employment of vertical line
inversion in terms of the entire power consumption.

[0025] Moreover, with the structure described using FIGS.
10 through 12C, uniform display is performed as shown in
FIG. 13A at room temperature; however, when the tempera-
ture is low, the inconsistencies in the form of streaks occur
which correspond to the pitch with which drivers are imple-
mented, as shown in FIG. 13B.

[0026] Using FIGS. 14A though 16B, a cause of the streaks
in the forms of streaks will be described. FIGS. 14A and 14B
show a voltage Vg of a gate bus line, a voltage Vs of a source
bus line, and a voltage Vpx of a pixel electrode in a halftone
(for example, a tone of 127/255) when an ideal waveform is
input. FIG. 14A shows the operation of writing to a pixel
electrode Px1,and FIG. 14B shows the operation of writing to
a pixel electrode Px2. The voltage Vs of a source bus line
changes by a large difference in electric potential in such a
manner that the level of halftone changes such as 240/255,
0/255, 240/255, /255, and so on. In a state in which the write
gate pulse is high, electric current flows between a pixel
electrode and a corresponding source bus line viaa TFT, and
the voltage Vpx of the pixel electrode changes.

[0027] FIGS. 15A and 15B show the voltage Vg of a gate
bus line, the voltage Vs of a source bus line, and the voltage
Vpx of a pixel electrode in a halftone (for example, a tone of
127/255) whena delay time in a bus line is assumed. FIG. 15A
shows the operation of writing to a pixel electrode Px1, and
FIG. 15B shows the operation of writing to a pixel electrode
Px2. When driving is performed at room temperature, the
operation of writing is performed in a state that is almost
similar to the state as shown in FIGS. 15A and 15B. In such a
case, the gate pulse and the source voltage are attenuvated at a
portion where the gate pulse rises, and thus more time is
necessary to charge a pixel electrode than in a state described
using FIGS. 14A and 14B. However, normally, TFTs are
designed to be able to perform the operation of writing even
in such a state, and thus no problem occurs.

[0028] However, if the temperature further lowers, the
mobility of TFTs decreases, whereby more time is necessary
for charging. FIGS. 16A and 16B show the voltage Vg of a
gate bus line, the voltage Vs of a source bus line, and the
voltage Vpx of a pixel electrode in a halftone (for example, a
tone of 127/255) when a delay time in a bus line is assumed
and the performance of TFTs becomes low at low tempera-
tures. FIG. 16 A shows the operation of writing performed to
a pixel electrode Px1, and FIG. 16B shows the operation of
writing performed to a pixel electrode Px2. In the case shown
in FIGS. 16A and 16B, the delayed voltage of a source bus
line affects the operation of writing, whereby inconsistencies
in the form of streaks as described using FIG. 13B occur.

[0029] As a matter of course, it is possible to decrease the
inconsistencies in the form of streaks as shown in FIG. 13B by
designing a TFT in such a manner that it mainly supports low
temperatures. However, if the size of the TFT becomes large
for the design, the risk of occurrence of different problems
may arise. For example, the aperture ratio lowers, or the
inconsistencies become worse because of an increased delay
time which is caused by the increase in gate load. The higher
the writing speed, for example, 120 Hz or 240 Hz, the greater
the effect of such problems. Thus, conditions become worse.
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[0030] The present invention has been made in light of such
circumstances, and it is desirable to suppress the occurrence
of inconsistencies in the form of streaks and to decrease a
necessary capacity of a memory without the size of a TFT
being increased.

[0031] A liquid crystal display device according to an
embodiment of the present invention includes: display means
including liquid crystal display elements corresponding to
pixels which have a multi-pixel structure and which are
arranged in matrix; first driving means for driving scanning
lines connected to the liquid crystal display elements corre-
sponding to the pixels; second driving means for driving
signal lines connected to the liquid crystal display elements
corresponding to the pixels; image acquisition means for
acquiring an image signal to be displaved on the display
means; and control means for controlling the first driving
means and the second driving means in accordance with the
image signal acquired by the image acquisition means,
wherein, in the display means, each of the pixels, which has
the multi-pixel structure and which is constituted by a first
pixel and a second pixel, is connected to two corresponding
signal lines, and first pixels and second pixels of pixels are
connected to two corresponding signal lines in a checker-
board manner, and the control means controls the first driving
means in such a manner that all horizontal scanning lines of
one frame are scanned by repeatedly scanning a first sub-
frame in which only odd lines of horizontal scanning lines are
scanned and a second sub-frame in which only even lines of
horizontal scanning lines are scanned, and controls the sec-
ond driving means in such a manner that the polarity of the
first pixel of each of the pixels connected to the two corre-
sponding signal lines differs from the polarity of the second
pixel of the pixel, the polarities of the first pixels of adjacent
pixels differ from each other, the polarities of the second
pixels of adjacent pixels differ from each other, and a polarity
signal is inverted when switching is performed between the
first sub-frame and the second sub-frame.

[0032] The control means may divide all horizontal scan-
ning lines of the display means into a plurality of areas con-
stituted by four lines or more, and control the first driving
means in such a manner that all horizontal scanning lines of
one frame are scanned by executing scanning of the first
sub-frame and the second sub-frame in the plurality of areas.

[0033] The control means may set a time period for per-
forming an operation of writing at the first horizontal scan-
ning line after switching is performed between the first sub-
frame and the second sub-frame, to be longer than a time
period for performing the operation of writing at another
horizontal scanning line.

[0034] The control means may divide all horizontal scan-
ning lines of the display means into a plurality of areas con-
stituted by two lines or more in such a manner that scanning
areas of the first sub-frame and second sub-frame do not
overlap each other, and control the first driving means in such
a manner that all horizontal scanning lines of one frame are
scanned by executing scanning of the first sub-frame and the
second sub-frame in the plurality of areas.

[0035] The control means may set a time period for per-
forming an operation of writing at the first horizontal scan-
ning line after switching is performed between the first sub-
frame and the second sub-frame, to be longer than a time
period for performing the operation of writing at another
horizontal scanning line.
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[0036] A liquid crystal display method according to the
embodiment of the present invention is a liquid crystal dis-
play method for displaying an image on a liquid crystal dis-
play device which includes display means including liquid
crystal display elements corresponding to pixels which have
a multi-pixel structure and which are arranged in matrix; first
driving means for driving scanning lines connected to the
liquid crystal display elements corresponding to the pixels;
and second driving means for driving signal lines connected
to the liquid crystal display elements corresponding to the
pixels, and in the display means, each of the pixels, which has
the multi-pixel structure and which is constituted by a first
pixel and a second pixel, is connected to two corresponding
signal lines, and first pixels and second pixels of pixels are
connected to two corresponding signal lines in a checker-
board manner, the liquid crystal display method including the
steps of: acquiring an image signal corresponding to the
image to be displayed on the display means; when the first
driving means and the second driving means are controlled in
accordance with the acquired image signal, controlling the
first driving means in such a manner that all horizontal scan-
ning lines of one frame are scanned by repeatedly scanning a
first sub-frame in which only odd lines of horizontal scanning
lines are scanned and a second sub-frame in which only even
lines of horizontal scanning lines are scanned; and controlling
the second driving means in such a manner that the polarity of
the first pixel of each of the pixels connected to the two
corresponding signal lines differs from the polarity of the
second pixel of the pixel, the polarities of the first pixels of
adjacent pixels differ from each other, the polarities of the
second pixels of adjacent pixels differ from each other, and a
polarity signal is inverted when switching is performed
between the first sub-frame and the second sub-frame.
[0037] According to the embodiment of the present inven-
tion, an image signal corresponding to the image to be dis-
played on the display means is acquired; when the first driv-
ing means and the second driving means are controlled in
accordance with the acquired image signal, the first driving
means is controlled in such a manner that all horizontal scan-
ning lines of one frame are scanned by repeatedly scanning a
first sub-frame in which only odd lines of horizontal scanning
lines are scanned and a second sub-frame in which only even
lines of horizontal scanning lines are scanned; and the second
driving means is controlled in such a manner that the polarity
of the first pixel of each of the pixels connected to the two
corresponding signal lines differs from the polarity of the
second pixel of the pixel, the polarities of the first pixels of
adjacent pixels differ from each other, the polarities of the
second pixels of adjacent pixels differ from each other, and a
polarity signal is inverted when switching is performed
between the first sub-frame and the second sub-frame.
[0038] A network is a system in which at least two devices
are connected to each other and communication can be per-
formed from one device to another device. Devices that can
communicate via a network may be individual devices or
internal blocks included in one device.

[0039] Moreover, as a matter of course, communication
includes radio communication and wire communication, and
may also include communication in which radio communi-
cation and wire communication are mixed, that is, communi-
cation in which radio communication is performed in a sec-
tion and wire communication is performed in another section.
Furthermore, communication in which wire communication
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is performed from one device to another device from which
radio communication is performed to another device may be
performed.

[0040] A display device may be an individual device, or a
block that performs display processing in a television receiver
or a recording/playback device. Moreover, a display control
device may be an individual device or a block that performs
display control processing in a television receiver or a record-
ing/playback device.

[0041] According to an embodiment of the present inven-
tion, an image can be displayed. In particular, the inconsis-
tencies in the form of streaks can be suppressed without
increasing the burden due to the increase in the size of a TFT.
In the case, a necessary capacity of a memory can be smaller.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG.1isadiagram for describing an active matrix of
a liquid crystal display panel;

[0043] FIG. 2 is a diagram for describing patterns of the
polarity arrangement of pixels in a case where liquid crystalis
driven;

[0044] FIG. 3 is a diagram for describing patterns of the
polarity arrangement of pixels in a case where liquid crystal is
driven;

[0045] FIG. 4 is a diagram for describing a multi-pixel
structure used for achieving a wide viewing angle;

[0046] FIGS. 5A through 5C are diagrams for describing a
multi-pixel structure used for achieving a wide viewing
angle;

[0047] FIG. 6 is a diagram for describing the occurrence of
inconsistencies in the form of vertical streaks when vertical
line inversion is performed,

[0048] FIG. 7 is a diagram for describing the occurrence of
inconsistencies in the form of vertical streaks when vertical
line inversion is performed,

[0049] FIG. 8 is a diagram for describing the occurrence of
inconsistencies in the form of vertical streaks when vertical
line inversion is perforned,

[0050] FIGS. 9A and 9B are diagrams for describing the
occurrence of inconsistencies in the form of vertical streaks
when vertical line inversion is performed,

[0051] FIG. 10 is a diagram for describing the arrangement
of pixels for solving a problem of the occurrence of inconsis-
tencies in the form of vertical streaks;

[0052] FIGS. 11A through 11C are diagrams for describing
patterns of writing polarity in FIG. 10;

[0053] FIGS. 12A through 12C are diagrams for describing
patterns of writing polarity in FIG. 10;

[0054] FIGS. 13A and 13B are diagrams for describing the
occurrence of inconsistencies in the form of streaks at low
temperatures;

[0055] FIGS. 14A and 14B are diagrams for describing the
occurrence of inconsistencies in the form of streaks at low
temperatures;

[0056] FIGS.15A and 15B are diagrams for describing the
occurrence of inconsistencies in the form of streaks at low
temperatures;

[0057] FIGS.16A and 16B are diagrams for describing the
occurrence of inconsistencies in the form of streaks at low
temperatures;

[0058] FIG. 17 is a block diagram showing the structure of
a display device;

[0059] FIG. 18 is a diagram for describing a first driving
example executed in the display device;



US 2009/0237345 Al

[0060] FIGS. 19A through 19D arediagrams for describing
a second driving example executed in the display device;
[0061] FIGS. 20A through 20D are diagrams for describing
the second driving example executed in the display device;
[0062] FIGS. 21A and 21B are diagrams for describing
voltages applied to a TFT in the second driving example;
[0063] FIG. 22 is a diagram for describing sub-frames;
[0064] FIGS. 23A and 23B are diagrams for describing
selected lines and inversion of a polarity signal in the case of
FIG. 22;

[0065] FIG. 24 is a diagram for describing driving signals
in the case of FIG. 22;

[0066] FIG. 25 is a diagram for describing sub-frames
when a frame is divided;

[0067] FIGS.26A through 26C are diagrams for describing
selected lines and inversion of a polarity signal in the case of
FIG. 25;

[0068] FIG. 27 is a diagram for describing driving signals
in the case of FIG. 25;

[0069] FIG. 28 is a diagram for describing driving wave-
forms in the case of FIG. 25;

[0070] FIG. 29 is a diagram for describing sub-frames in a
case where frame division for odd lines is different from
frame division for even lines; and

[0071] FIGS. 30A through 30C are diagrams for describing
selected lines and inversion of a polarity signal in the case of
FIG. 29.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0072] Inthefollowing, embodiments of the present inven-
tion will be described with reference to the drawings.

[0073] FIG. 17 is a block diagram showing the structure of
a display device 51. The display device 51 includes a control
unit 71, a read-only memory (ROM) 72, a frame buffer 73, a
gate driver 74, a source driver 75, and a liquid crystal display
(LCD) panel 76.

[0074] The control unit 71 is a unit for controlling the
display device 51, and includes a receiver 91, a data sorting
unit 92, a signal processing unit 93, a timing generator 94, and
a memory controller 95. The control unit 71 performs signal
processing (for example, color control and the like) unique to
the display device 51 and also controls the gate driver 74 and
the source driver 75 for driving scanning (gate) lines and data
(source) lines of the LCD panel 76 in order to write image
data to pixels for display.

[0075] The receiver 91 receives a video signal input from
the outside, and supplies the video signal to the data sorting
unit 92.

[0076] The data sorting unit 92 executes sorting of the data
of an input image, and supplies the sorted input image to the
signal processing unit 93.

[0077] The signal processing unit 93 refers to a parameter
stored in the ROM 72, and executes gamma correction or
signal processing for compensating the response of the liquid
crystal and the voltage with which the operation of writing is
performed to a pixel. The signal processing unit 93 supplies
the processed signal to the timing generator 94 or the memory
controller 95.

[0078] Thetiming generator 94 includes a timing generator
111 for controlling drivers, a data formatter 112, and a trans-
mitter 113, and is a unit for performing the most basic control
regarding display of the display device 51.
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[0079] The timing generator 111 for controlling drivers
generates a control signal for controlling the gate driver 74 for
driving display elements and the source driver 75 for writing
image data to pixels in accordance with the signal supplied
from the signal processing unit 93, the gate driver 74 being for
scanuing.

[0080] The data formatter 112 converts the signal supplied
from the signal processing unit 93 into a video signal whose
signal format can be supplied to the source driver 75. The
transmitter 113 sends the video signal converted by the data
formatter 112 to the source driver 75.

[0081] The memory controller 95 controls input/output ofa
processed image signal to/from the frame buffer 73.

[0082] The ROM 72 stores a parameter which is necessary
for the internal operation of the control unit 71 such as pro-
cessing to be performed by the signal processing unit 93.
[0083] The frame buffer 73 stores image data in accordance
with control performed by the memory controller 95.

[0084] A plurality of gate drivers 74 (here, three gate driv-
ers 74-1 through 74-3) may be provided. The gate drivers 74
drive scanning (gate) lines that correspond to pixels arranged
in matrix on the LCD panel 76, in accordance with control
performed by the timing generator 111 for controlling driv-
ers, and perform on/off control of active elements connected
to gate bus lines.

[0085] A plurality of source drivers 75 (here, ten drivers
75-1 through 75-10) may be provided. The source drivers 75
convert, from digital to analog, the video signal supplied from
the transmitter 113 into data to be written to pixels and drive
corresponding source bus lines, in accordance with control
performed by the timing generator 111 for controlling driv-
ers, in such a manner that the video signal is displayed on
display elements arranged in matrix on the LCD panel 76.
[0086] The LCD panel 76 includes liquid crystal display
elements corresponding to the pixels arranged in matrix, and
displays an image in accordance with the holding potential of
the liquid crystal display elements.

[0087] The operation of the display device 51 will be
described.

[0088] First, the receiver 91 of the control unit 71 receives
avideo signal, and supplies the video signal to the data sorting
unit 92. The data sorting unit 92 sorts the data of the video
signal and supplies the sorted video signal to the signal pro-
cessing unit 93 in accordance with the setting recorded in the
ROM 72, in such a manner that display can be performed, for
example, as described in the following description using
FIGS. 18 through 30.

[0089] Then, the signal processing unit 93 performs one-
to-one correction regarding RGB 7 using a parameter
recorded in the ROM 72, and supplies the resulting signal to
the frame buffer 73 via the memory controller 95. The signal
processing unit 93 reads an image signal which is delayed by
one frame from the frame buffer 73 via the memory controller
95 and executes signal processing for compensating the
response of the liquid crystal of the LCD panel 76 and the
voltage with which the operation of writing is performed to a
pixel, by performing comparison operation between the read
image signal and an image signal of the next frame. The signal
processing unit 93 supplies the processed signal to the timing
generator 94.

[0090] The timing generator 111 for controlling drivers and
data formatter 112 of the timing generator 94 receive the
processed signal from the signal processing unit 93. The
timing generator 111 for controlling drivers generates a con-
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trol signal for controlling the gate drivers 74 and the source
drivers 75 for driving display elements of the LCD panel 76,
and outputs the control signal to the gate drivers 74 and the
source drivers 75.

[0091] Then, the data formatter 112 converts the signal
supplied from the signal processing unit 93 into a video signal
whose signal format can be supplied to the source drivers, and
supplies the video signal to the transmitter 113. The transmit-
ter 113 sends the video signal converted by the data formatter
112 to the source drivers.

[0092] The source drivers 75 convert, from digital to ana-
log, the video signal supplied from the transmitter 113 into
data to be written to pixels and drive corresponding source
bus lines to display the video signal on display elements
arranged in matrix on the LCD panel 76 in accordance with
control performed by the timing generator 111 for controlling
drivers, whereby the LCD panel 76 displays an image. Here,
the timing generator 111 for controlling drivers controls the
timing at which a polarity signal POL is inverted, the polarity
signal POL being used to determine the output characteristics
of the source drivers 75. The inversion of the polarity signal
POL and the writing polarities for pixels will be specifically
described below.

[0093] A first driving example executed in the display
device 51 will be described with reference to FIG. 18.
[0094] One frame is divided into two sub-frames 1/2 and
2/2. The polarity of the source bus lines is not inverted in each
of the sub-frames. The polarity of the source bus lines is
inverted between the sub-frames. Furthermore, the gates of
every other line are selected in units of one sub-frame. That is,
one frame is divided into an odd sub-frame in which only odd
lines are selected and an even sub-frame in which only even
lines are selected.

[0095] In this case, the number of times the polarity inver-
sion is performed increases to two times/frame, compared
with existing vertical line inversion driving whose number of
times the polarity inversion is performed is one time/frame.
However, the number of times the polarity inversion is per-
formed in this case is much less than that of dot-inversion
driving (that is, the number of times the polarity inversion is
performed is determined by the number of lines, and thus, for
example, the number of times the polarity inversion is per-
formed is 1080 in the case of full high-definition TV). Thus,
the power consumption merely slightly increases.

[0096] Theright side of FIG. 18 shows the polarity arrange-
ment in units of one frame. In contrast to existing vertical line
inversion driving in which positive polarities or negative
polarities are continuously arranged in each vertical column
on every occasion, if this proposed scheme is used, the polar-
ity arrangement is equivalent to that of dot inversion driving
at least during half a period of one frame, whereby a problem
of flicker or inconsistencies in the form of vertical streaks in
a moving image can be greatly reduced.

[0097] Next, as a second driving example executed in the
display device 51, a case in which the LCD panel 76 having a
multi-pixel structure is driven will be described.

[0098] Inthe display device 51, for example, the LCD panel
76 having a multi-pixel structure described using FIGS. 4, 5,
and 10 can also be driven. That is, each of the pixels can be
divided into a plurality of pixels (here, two pixels of a sub-
pixel A and a sub-pixel B). Regarding an input tone, the pixel
is configured in such a manner that the brightness of the
sub-pixel A first increases and then the brightness of the
sub-pixel B increases, and thus the entire brightness is
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adjusted so as to satisfy a gamma characteristic. There are a
plurality of ways to differentiate the electric potential of the
sub-pixel A from the electric potential of the sub-pixel B. For
example, as described using FIG. 5A, a dedicated TFT is
provided for each sub-pixel and, as shown in the equivalent
circuit as described using FIG. 5C, two source bus lines are
provided for the same gate bus line using the pattern of a
counter electrode ITO as described using FIG. 5B and the
TFTs for the sub-pixels A and B can individually be driven.
[0099] Then, the pixel arrangement of the LCD panel 76 is
the same as that described using FIG. 10. That is, the pixel
electrode for the sub-pixel A is denoted by Px1, and the pixel
electrode for the sub-pixel B is denoted by Px2. The TFT for
driving the pixel electrode Px1 is denoted by TFT1, and the
TFT for driving the pixel electrode Px2 is denoted by TFT2.
The pixel electrodes Px1 and Px2 each have a dedicated TFT.
The pixel electrodes Px1 and Px2 are connected to right and
left source bus lines in a checkerboard manner. Thus, for each
source bus line, the pixel electrodes Px1 and Px2 are alter-
nately connected such as Px1, Px2, Px1, Px2, and so on.
[0100] Evenina case of driving such pixels having a multi-
pixel structure, in the display device 51, one frame is divided
into sub-frames 1/2 and 2/2. The polarity of the source bus
lines is not inverted in each of the sub-frames and the polarity
of the source bus lines is inverted between the sub-frames.
Moreover, the gates of every other line are selected in units of
one sub-frame. That is, even in this case, one frame is divided
into an odd sub-frame in which only odd lines are selected and
an even sub-frame in which only even lines are selected. In
this case, the polarity arrangement in the k-th frame is shown
in FIG. 19 and the polarity arrangement in the k+1-th frame is
shown in FIG. 20.

[0101] Here, bold pluses (+) and bold minuses (-) indicate
the pixel electrodes Px1 and regular pluses (+) and regular
minuses (-) indicate the pixel electrodes Px2. More specifi-
cally, in the k(1/2)-th frame shown in FIG. 19A, vertical lines
of ml, m2+1, m1+2, and m2+3 correspond to the pixel elec-
trodes Px1 and others correspond to the pixel electrodes Px2.
In the k(2/2)-th frame shown in FIG. 19B, inversion occurs
from the k(1/2)-th frame, and vertical lines of m2, m1+1,
m2+2, and m1+3 correspond to the pixel electrodes Px1 and
others correspond to the pixel electrodes Px2.

[0102] That is, in the polarity arrangement shown in FIGS.
19A through 20D, the polarity is different between m1 and
m2 and between m1+p and m2+p (p is an integer greater than
orequal to 1). Thepolarity is the samebetween m1 and m1+1,
between m2 and m2+1, between m1+p and m1+(P+1), and
between m2+P and m2+(P+1) (p is an integer greater than or
equalto 1).

[0103] Insucha case, even when only odd lines are driven
or only even lines are driven, each source bus line only drives
either the pixel electrode Px1 or the pixel electrode Px2.
Then, as shown in FIGS. 19C and 19D and FIGS. 20C and
20D, the pixel electrodes Px1 have a polarity arrangement
equivalent to that of dot inversion driving and the pixel elec-
trodes Px2 also have a polarity arrangement equivalent to that
of dot inversion driving. That is, in the display device 51,
when such driving is performed, a problem of flicker and
inconsistencies in the form of vertical streaks in a moving
image can be greatly reduced by the polarity arrangement
obtained in a state in which driving of two sub-frames is
finished.

[0104] When a halftone is displayed using pixels having a
multi-pixel structure, in the related art, the voltage of source
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bus lines greatly changes, whereby the power consumption
becomes large; however, as described using FIGS. 19A
through 20D, in the display device 51, the operation of writ-
ing is performed using a group of pixel electrodes Px1 or a
group of pixel electrodes Px2 in units of a sub-frame. Thus,
the change in voltage can be suppressed, whereby the power
consumption can be prevented from becoming large. For
example, in the case of uniform tone display over the entire
display, no matter which tone is displayed, electric current
flows the source bus lines for a moment when switching is
performed between sub-frames and this happens only two
times in one frame in such a case. In this way, in the display
device 51, even when a halftone is displayed using pixels
having a multi-pixel structure, the effects of vertical frame
inversion can be utilized to the utmost.

[0105] Next, FIG. 21 shows voltages applied to a TFT in the
display device 51. In FIG. 21, the central electric potential
Vcom of the common voltage, the voltage Vg of a gate bus
line, the voltage Vs of a source bus line, and the voltage Vpx
of a pixel electrode.

[0106] As showninFIG. 21, the change in the voltage Vs of
a source bus line is small, even when the performance of the
TFT lowers, the operation of writing data within a period is
easily performed. Thus, as its effect, a safety margin of TFT
performance can be obtained. As a result, the inconsistencies
occurring at low temperatures can be decreased without
increasing the burden due to the increase in the size of the
TFT.

[0107] As described above, two sub-frames 1/2 and 2/2 are
designed to drive only odd lines and only even lines, respec-
tively. That is, in the display device 51, even in the case of
pixels having a multi-pixel structure or even in the case of
pixels having a general structure, for example, as shown in
FIG. 22, driving is performed in such a manner that only the
odd lines are first selected from the top of the screen and
driven, and then only the even lines are selected from the top
of the screen and driven.

[0108] Here, as shown in FIG. 23A, after the first line is
driven, the third line is driven and then the fifth line is driven.
After all the odd lines are driven, the second line, the fourth
line, and so on are driven (the numbers in FIG. 23A indicate
the driving order ofthe lines). Thus, as shown in FIG. 23B, the
polarity signal POL changes once every time switching is
performed between sub-frames (the numbers in FIG. 23B
indicate the line number counted from the top of the screen).
[0109] FIG. 24 shows driving signals for operating the
LCD panel 76 in the case described using FIGS. 22 through
23B. In FIG. 24, GSTR_Left denotes a signal indicating the
start of scanning odd lines, GSTR_Right denotes a signal
indicating the start of scanning even lines, CGLK denotes a
reference clock signal for horizontal synchronization, G1,
(2, and so on each denote a gate-driving waveform of a
corresponding line, and POL denotes a signal for controlling
the driving polarity for source drivers.

[0110] In this way, in the case described using FIGS. 22
through 23B, driving is performed in such a manner that after
only the odd lines are selected from the top of the screen, only
the even lines are selected from the top of the screen.

[0111] In contrast, one screen may be divided into a plural-
ity of frames, and each of the frames may further be divided
into two sub-frames 1/2 and 2/2 as described above.

[0112] That is, as described using FIGS. 22 through 24, in
order to divide one frame into two sub-frames 1/2 and 2/2 for
driving only the odd lines and only the even lines, a frame
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memory of at least the capacity of storing one screen is
necessary for storing an input signal. Thus, in the display
device 51, as shown in FIG. 25, even in the case of pixels
having a multi-pixel structure or even in the case of pixels
having a general structure, one screen is divided into some
areas, and odd and even sub-frames are switched therebe-
tween several times within one frame. As the number of areas
into which one screen is divided increases, a necessary capac-
ity of a memory becomes smaller; however, the number of
times the polarity inversion is performed increases and thus
the power consumption increases. If the inversion is pet-
formed every line, it is the same as dot inversion driving and
the power consumption is high; however, for example, if the
inversion is performed every two lines, a power-consumption
reducing effect can be obtained, compared with dot inversion
driving.

[0113] For example, as shown in FIG. 26A, when one
screen is divided into twelve areas along the horizontal direc-
tion, as shown in FIG. 26B, after the first line is driven, the
third line is driven and then the fifth line is driven. After 32
odd lines to the 63rd line are driven, the second line, the fourth
line, and so on are driven (the numbers in FIG. 26B indicate
thedriving order of the lines). Thus, as shown in FIG. 26C, the
polarity signal POL changes 24 times within one frame, that
is, the polarity signal POL changes once every time switching
is performed between sub-frames in the frame that is divided
into twelve areas (the numbers in FIG. 26C indicate the line
number counted from the top of the screen).

[0114] FIG. 27 shows driving signals for operating the
LCD panel 76 in the case described using FIGS. 26 A through
26C. In FIG. 27, GSTR_Left denotes a signal indicating the
start of scanning odd lines, GSTR_Right denotes a signal
indicating the start of scanning even lines, CGLK_Left
denotes a reference clock signal for horizontal synchroniza-
tion foroddlines, and CGLK_Right denotes a reference clock
signal for horizontal synchronization for even lines. Here, as
a matter of course, a reference clock signal may be a single
signal as in the case described using FIG. 24. Moreover, G1,
G2, and so on each denote a gate-driving waveform of a
corresponding line, and POL denotes a signal for controlling
the driving polarity for source drivers.

[0115] Inthis way, in the case described using FIGS. 26A
through 27, switching is performed between the sub-frames
in the frame that is divided into twelve areas, and odd lines or
even lines are driven in each sub-frame, whereby the power
consumption can be suppressed and a necessary capacity ofa
memory can be smaller, compared with dot inversion driving.
[0116] FIG. 28 shows driving waveforms that operate each
pixel of the LCD panel 76 in the driving method described
using FIGS. 26A through 27.

[0117] InFIG. 28, VCOM denotes the electric potential of
the counter electrode regarding the electric potential of each
of the pixels of the LCD panel 76. The display potential is
determined by the capacitance determined by the counter
electrode and the pixel. Then, S1 denotes a driving waveform
of a source bus line, and G33 denotes a driving waveform of
the 33rd scanning (gate) line, and POL denotes a signal for
controlling the driving polarity for the source drivers 75.
[0118] While the first through 31st odd lines are being
driven, that is, while the polarity signal POL is fixed, the
source drivers 75 do not cause any change that crosses the
electric potential VCOM and thus a rising time can be short.
However, next, when the 33rd gate line is driven, that is, when
odd-line driving is switched to even-line driving and when the
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polarity signal POL is inverted and the driving waveform G33
becomes high, a time period necessary for the electric poten-
tial of the source driver to become a desired level is longer
than a fixed time period necessary for the electric potential of
the source drivers to become a desired level in a state in which
the polarity signal POL is fixed (Tr_B>Tr_A). Thus, for
example, if Tr_B=Tr_A is set, a sufficient time period for
performing an operation of writing is not obtained. Thus, as
shown in FIG. 28, by setting the time period for performing an
operation of writing at the 33rd gate line to be longer than
other time periods for performing the operation of writing at
other lines, conditions of the operation of writing are bal-
anced. That is, it is preferable that the timings in FIG. 28 are
set in such a manner that T3>T1 and T1=T2=T4.

[0119] By performing setting in this way, a sufficient time
period for performing the operation of writing can be
obtained when the signal POL is inverted, and thus the occur-
rence of inconsistencies at this portion can be prevented.

[0120] Moreover, similarly, at other timings when odd-line
driving is switched to even-line driving and when even-line
driving is switched to odd-line driving, as a matter of course,
the time period for performing the operation of writing at the
first line after switching is performed should be set longer
than other time periods for performing the operation of writ-
ing at other lines.

[0121] Then, furthermore, when one screen is divided into
a plurality of frames, each frame may be divided into two
sub-frames 1/2 and 2/2 in such a manner that an area in which
odd lines are scanned and an area in which even lines are
scanned do not match.

[0122] That is, as shown in FIG. 29, in the display device
51, even in the case of pixels having a multi-pixel structure or
even in the case of pixels having a general structure, the
position of each of the selected lines is made to be different
between subsequent odd and even sub-frames and switching
is performed between these sub-frames a plurality of times
within one frame. In other words, in the display device 51,
even in the case of pixels having a multi-pixel structure or
even in the case of pixels having a general structure, the
position at which the polarity signal POL changes can be set
for each sub-frame in such a manner that the position for the
sub-frame does not overlap the position for another sub-
frame. The number of the selected lines in an odd sub-frame
and the number of selected lines in an even sub-frame may be
randomly set; however, for ease of control, they may be setin
a predetermined regulated manner. Here, also, as the number
of areas obtained as a result of division increase, a necessary
capacity of a memory becomes smaller; however, the number
oftimes the polarity inversion is performed increases and thus
the power consumption increases. However, for example, if
inversion is performed every two or more lines, a power-
consumption reducing effect can be obtained, compared with
dot inversion driving.

[0123] For example, as shown in FIG. 30A, when one
screen is divided into twelve areas along the horizontal direc-
tion and the number of lines selected in the first odd sub-frame
is half the number of the lines of one of the areas, as shown in
FIG. 30B, after the first line is driven, the third line is driven
and then the fifth line is driven. After 16 odd lines to the 31st
line are driven, the second line, the fourth line, and so on are
driven (the numbers in FIG. 30B indicate the driving order of
the lines). Thus, as shown in FIG. 30C, the polarity signal
POL changes 25 times, which is one time more than the case
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described using FIGS. 26A and 26B, within one frame (the
numbers in FIG. 30B indicate the line number counted from
the top of the screen).

[0124] Here, even in this case, as described using FIG. 28,
when odd-line driving is switched to even-line driving and
when even-line driving is switched to odd-line driving, as a
matter of course, it is preferable that the time period for
performing the operation of writing at the first line after
switching is performed is set to be longer than other time
periods for performing the operation of writing at other lines.
[0125] Inthis way, in the case described using FIG. 30, in a
frame that is divided into twelve areas, switching is per-
formed between sub-frames in such a manner that the posi-
tion of each of the selected lines is made to be different
between the sub-frames, and odd lines or even lines are driven
in each of the sub-frames, whereby the power consumption
can be suppressed and a necessary capacity of a memory can
be smaller, compared with dot inversion driving. Further-
more, positions at which the polarity signal POL changes can
be dispersedly set for even lines and odd lines, and thus the
inconsistencies that tend to occur at these positions can be
suppressed and the LCD panel 76 can be easily controlled.
[0126] As described above, even when a half tone is dis-
played using pixels having a multi-pixel structure, in the
display device 51, since the operation of writing is performed
using a group of pixel electrodes Px1 or a group of pixel
electrodes Px2 in units of a sub-frame, the changes in voltage
can be suppressed, whereby the power consumption can be
prevented from becoming large. For example, when a uni-
form tone is displayed over the entire screen, no matter which
tone is displayed, electric current flows the source bus lines
for a moment when switching is performed between sub-
frames and this happens only two times in one frame in such
a case. In this way, in the display device 51, even when a
halftone is displayed using pixels having a multi-pixel struc-
ture, the effects of vertical frame inversion can be utilized to
the utmost and a problem of flicker and inconsistencies in the
form of vertical streaks in a moving image can be greatly
reduced by the polarity arrangement obtained in a state in
which driving of two sub-frames is finished.

[0127] Moreover, in the display device 51, even in the case
of pixels having a multi-pixel structure or in the case of pixels
having a general structure, one screen is divided into a plu-
rality of frames along the horizontal direction, switching is
performed between sub-frames in the frames, and odd lines or
even lines can be driven in each of the sub-frames, whereby
the power consumption can be suppressed and a necessary
capacity of a memory can be smaller, compared with dot
inversion driving.

[0128] Moreover, inthe display device 51, even in the case
of pixels having a multi-pixel structure or in the case of pixels
having a general structure, the position of each of the selected
lines is made to be different between subsequent odd and even
sub-frames, in other words, the position at which the polarity
signal POL changes can be set for each sub-frame in such a
manner that the position for the sub-frame does not overlap
the position for another sub-frame. Thus, compared with dot
inversion driving, the power consumption can be suppressed
and a necessary capacity of a memory can be smaller. Fur-
thermore, the inconsistencies that tend to occur at positions at
which the polarity signal POL changes can be suppressed and
the LCD panel 76 can be easily controlled.

[0129] Here, description has been made by treating the
display device 51 as a single device; however, the LCD panel
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76 may be a separate device and the remaining portion may be
configured as a display control device, as a matter of course.
[0130] The present application contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tions JP 2008-075696 and JP 2008-075697 filed in the Japan
Patent Office on Mar. 24, 2008, the entire content of which is
hereby incorporated by reference.

[0131] Tt should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A liquid crystal display device, comprising:

display means including liquid crystal display elements
corresponding to pixels which have a multi-pixel struc-
ture and which are arranged in matrix;

first driving means for driving scanning lines connected to
the liquid crystal display elements corresponding to the
pixels;

second driving means for driving signal lines connected to
the liquid crystal display elements corresponding to the
pixels;

image acquisition means for acquiring an image signal to
be displayed on the display means; and

control means for controlling the first driving means and
the second driving means in accordance with the image
signal acquired by the image acquisition means,

wherein, in the display means, each of the pixels, which has
the multi-pixel structure and which is constituted by a
first pixel and a second pixel, is connected to two corre-
sponding signal lines, and first pixels and second pixels
of pixels are connected to two corresponding signal lines
in a checkerboard manner, and

the control means controls the first driving means in such a
manner that all horizontal scanning lines of one frame
are scanned by repeatedly scanning a first sub-frame in
which only odd lines of horizontal scanning lines are
scanned and a second sub-frame in which only even
lines of horizontal scanning lines are scanned, and con-
trols the second driving means in such a manner that the
polarity of the first pixel of each of the pixels connected
to the two corresponding signal lines differs from the
polarity of the second pixel of the pixel, the polarities of
the first pixels of adjacent pixels differ from each other,
the polarities of the second pixels of adjacent pixels
differ from each other, and a polarity signal is inverted
when switching is performed between the first sub-
frame and the second sub-frame.

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

wherein the control means divides all horizontal scanning
lines of the display means into a plurality of areas con-
stituted by four lines or more, and controls the first
driving means in such a manner that all horizontal scan-
ning lines of one frame are scanned by executing scan-
ning of the first sub-frame and the second sub-frame in
the plurality of areas.

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

wherein the control means sets a time period for perform-
ing an operation of writing at the first horizontal scan-
ning line after switching is performed between the first
sub-frame and the second sub-frame, to be longer than a
time period for performing the operation of writing at
another horizontal scanning line.
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4. The liquid crystal display device according to claim 1,

wherein the control means divides all horizontal scanning
lines of the display means into a plurality of areas con-
stituted by two lines or more in such a manner that
scanning areas of the first sub-frame and second sub-
frame do not overlap each other, and controls the first
driving means in such a manner that all horizontal scan-
ning lines of one frame are scanned by executing scan-
ning of the first sub-frame and the second sub-frame in
the plurality of areas.

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

wherein the control means sets a time period for perform-
ing an operation of writing at the first horizontal scan-
ning line after switching is performed between the first
sub-frame and the second sub-frame, to be longer than a
time period for performing the operation of writing at
another horizontal scanning line.

6. A liquid crystal display method for displaying an image

on a liquid crystal display device which includes

display means including liquid crystal display elements
corresponding to pixels which have a multi-pixel struc-
ture and which are arranged in matrix;

first driving means for driving scanning lines connected to
the liquid crystal display elements corresponding to the
pixels; and

second driving means for driving signal lines connected to
the liquid crystal display elements corresponding to the
pixels, and

in the display means, each of the pixels, which has the
multi-pixel structure and which is constituted by a first
pixel and a second pixel, is connected to two correspond-
ing signal lines, and first pixels and second pixels of
pixels are connected to two corresponding signal lines in
a checkerboard manner, the liquid crystal display
method comprising the steps of:

acquiring an image signal corresponding to the image to be
displayed on the display means;

when the first driving means and the second driving means
are controlled in accordance with the acquired image
signal,

controlling the first driving means in such a manner that all
horizontal scanning lines of one frame are scanned by
repeatedly scanning a first sub-frame in which only odd
lines of horizontal scanning lines are scanned and a
second sub-frame in which only even lines of horizontal
scanning lines are scanned; and

controlling the second driving means in such a manner that
the polarity of the first pixel of each of the pixels con-
nected to the two corresponding signal lines differs from
the polarity of the second pixel of the pixel, the polarities
of the first pixels of adjacent pixels differ from each
other, the polarities of the second pixels of adjacent
pixels differ from each other, and a polarity signal is
inverted when switching is performed between the first
sub-frame and the second sub-frame.

7. A liquid crystal display device, comprising:

a display unit including liquid crystal display elements
corresponding to pixels which have a multi-pixel struc-
ture and which are arranged in matrix;

a first driving unit that drives scanning lines connected to
the liquid crystal display elements corresponding to the
pixels;
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a second driving unit that drives signal lines connected to
the liquid crystal display elements corresponding to the
pixels;

an image acquisition unit that acquires an image signal to
be displayed on the display unit; and

a control unit that controls the first driving unit and the
second driving unit in accordance with the image signal
acquired by the image acquisition unit,

wherein, in the display unit, each of the pixels, which has
the multi-pixel structure and which is constituted by a
first pixel and a second pixel, is connected to two corre-
sponding signal lines, and first pixels and second pixels
of pixels are connected to two corresponding signal lines
in a checkerboard manner, and

the control unit controls the first driving unit in such a
manner that all horizontal scanning lines of one frame
are scanned by repeatedly scanning a first sub-frame in
which only odd lines of horizontal scanning lines are
scanned and a second sub-frame in which only even
lines of horizontal scanning lines are scanned, and con-
trols the second driving unit in such a manner that the
polarity of the first pixel of each of the pixels connected
to the two corresponding signal lines differs from the
polarity of the second pixel of the pixel, the polarities of
the first pixels of adjacent pixels differ from each other,
the polarities of the second pixels of adjacent pixels
differ from each other, and a polarity signal is inverted
when switching is performed between the first sub-
frame and the second sub-frame.

8. A liquid crystal display device, comprising:
display means including liquid crystal display elements
corresponding to pixels which are arranged in matrix;

first driving means for driving scanning lines connected to
the liquid crystal display elements corresponding to the
pixels;

second driving means for driving signal lines connected to
the liquid crystal display elements corresponding to the
pixels;

image acquisition means for acquiring an image signal to
be displayed on the display means; and

control means for controlling the first driving means and
the second driving means in accordance with the image
signal acquired by the image acquisition means,

wherein the control means controls the first driving means
in such a manner that all horizontal scanning lines of the
display means are divided into a plurality of areas and all
horizontal scanning lines of one frame are scanned by
executing scanning of a first sub-frame in which only
odd lines of horizontal scanning lines are scanned and
scanning of a second sub-frame in which only even lines
of horizontal scanning lines are scanned in the plurality
of areas, and a time period for performing an operation
of writing at the first horizontal scanning line after
switching is performed between the first sub-frame and
the second sub-frame is set to be longer than a time
period for performing the operation of writing at another
horizontal scanning line, and

the control means controls the second driving means in
such a manner that a polarity signal is inverted when
switching is performed between the first sub-frame and
the second sub-frame.
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9. The liquid crystal display device according to claim 8,

wherein the control means controls the first driving means
and the second driving means in such a manner that
positions at which the polarity signal is inverted when
switching is performed between the first sub-frame and
the second sub-frame do not overlap each other.

10. A liquid crystal display method for a liquid crystal

display device which includes

display means including liquid crystal display elements
corresponding to pixels which are arranged in matrix;

first driving means for driving scanning lines connected to
the liquid crystal display elements corresponding to the
pixels; and

second driving means for driving signal lines connected to
the liquid crystal display elements corresponding to the
pixels, the liquid crystal display method comprising the
steps of:

acquiring an image signal to be displayed on the display
means; and

when the first driving means and the second driving means
are controlled in accordance with the acquired image
signal,

controlling the first driving means and the second driving
means in such a manner that

all horizontal scanning lines of the display means are
divided into a plurality of areas and all horizontal scan-
ning lines of one frame are scanned by executing scan-
ning of a first sub-frame in which only odd lines of
horizontal scanning lines are scanned and scanning of a
second sub-frame in which only even lines ofhorizontal
scanning lines are scanned in the plurality of areas,

a polarity signal is inverted when switching is performed
between the first sub-frame and the second sub-frame,
and

a time period for performing an operation of writing at the
first horizontal scanning line after switching is per-
formed between the first sub-frame and the second sub-
frame is set to be longer than a time period for perform-
ing the operation of writing at another horizontal
scanning line.

11. A liquid crystal display device, comprising:

a display unit that includes liquid crystal display elements
corresponding to pixels which are arranged in matrix;

a first driving unit that drives scanning lines connected to
the liquid crystal display elements corresponding to the
pixels;

a second driving unit that drives signal lines connected to
the liquid crystal display elements corresponding to the
pixels;

an image acquisition unit that acquires an image signal to
be displayed on the display unit; and

a control unit that controls the first driving unit and the
second driving unit in accordance with the image signal
acquired by the image acquisition unit,

wherein the control unit controls the first driving unit in
such a manner that all horizontal scanning lines of the
display unit are divided into a plurality of areas and all
horizontal scanning lines of one frame are scanned by
executing scanning of a first sub-frame in which only
odd lines of horizontal scanning lines are scanned and
scanning of a second sub-frame in which only even lines
of horizontal scanning lines are scanned in the plurality
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of areas, and a time period for performing an operation
of writing at the first horizontal scanning line after
switching is performed between the first sub-frame and
the second sub-frame is set to be longer than a time
period for performing the operation of writing at another
horizontal scanning line, and

11
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the control unit controls the second driving unit in such a
manner that a polarity signal is inverted when switching
is performed between the first sub-frame and the second
sub-frame.
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