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LIQUID-CRYSTAL PANEL DRIVE METHOD
AND LIQUID-CRYSTAL DISPLAY DEVICE

REFERENCE TO RELATED APPLICATIONS

[0001] This application is a national stage application
under 35 USC 371 of International Application No. PCT/
JP2010/069852, filed Nov. 8, 2010, which claims the priority
of Japanese Patent Application No. 2010-040888, filed Feb.
25,2010, the entire contents of which are incorporated herein
by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a method of driving
an A.C.-driven liquid crystal panel and also to a liquid crystal
display device incorporating the liquid crystal panel.

BACKGROUND OF THE INVENTION

[0003] A typical driving method for liquid crystal panels is
A.C. drive whereby the level of a data signal voltage which is
outputted from a source driver and applied to a pixel electrode
and the level of a common electrode voltage which is output-
ted from a common electrode signal generating circuit and
applied to a common electrode are subjected to respective
polarity reversals at certain fixed intervals. A.C. drive how-
ever has a problem that inrush current is generated and flows
into a liquid crystal capacitor when the polarities are reversed.
[0004] Inliquid crystal panels, such as large liquid crystal
panels and high-resolution liquid crystal panels, which place
a heavy load on the circuit configuration which outputs data
signal voltages and a common electrode voltage, the inrush
current is lowered by providing multiple source drivers and
reversing the polarity at a different timing of each driver.
[0005] As an example, Patent Literature 1 describes an
arrangement in which one liquid crystal panel is driven by
multiple sets of source drivers and gate drivers. According to
the arrangement, a liquid crystal panel is divided into at least
two segments which are driven separately. The drive voltages
applied across the segments of the liquid crystal panel are
subjected to respective polarity reversals at deliberately dif-
ferent timings from one segment to the other. The arrange-
ment achieves small inrush current (rush current) which flows
into a liquid crystal panel capacitor, when compared with an
arrangement in which all the bias voltages applied across
pixels are subjected to respective polarity reversals at once.
[0006] Japanese Patent Application Publication, Toku-
kaihei, No. 5-249925A (Published Sep. 28, 1993)

SUMMARY OF THE INVENTION

[0007] Nevertheless, this conventional arrangement is still
short of sufficiently lowering the inrush current. In addition,
the arrangement is not applicable to liquid crystal panels
which include one source driver and one gate driver. Further
lowering of inrush current is required.

[0008] The inventors of the present invention have focused
on the fact that inrush current flows in a COM signal line
when a COM signal is reversed (i.e., when a COM voltage is
subjected to a polarity reversal) and found that an improved
COM signal reversing mechanism can further lower the
inrush current.

[0009] In view of these problems, it is an object of the
present invention to provide a liquid crystal display device
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which exhibits a smaller transient inrush current value when
the COM signal (COM voltage) is subjected to a polarity
reversal.

[0010] In other words, a liquid crystal display device in
accordance with the present invention, to address the prob-
lems, includes: an active matrix substrate on which a plurality
of data signal lines and a plurality of scan signal lines which
intersect with the plurality of data signal lines are provided,
and a plurality of active elements and a plurality of pixel
electrodes are provided at respective intersections of the plu-
rality of data signal lines and the plurality of scan signal lines;
a counter substrate provided opposite the active matrix sub-
strate; a plurality of common electrodes provided on the
active matrix substrate or the counter substrate, each of the
plurality of common electrodes being made up of a first
common electrode and a second common electrode, each of
the plurality of pixel electrodes having (a) a region facing the
first common electrode and (b) a region facing the second
common electrode, the second common electrode being dif-
ferent from the first common electrode; a liquid crystal layer
provided between the active matrix substrate and the counter
substrate; first common electrode voltage application means
for applying a first common electrode voltage to the first
common electrode; second common electrode voltage appli-
cation means for applying a second common electrode volt-
age to the second common electrode, the second common
electrode voltage being different from the first common elec-
trode voltage; and control means for controlling (i) the first
common electrode voltage application means to apply the
first common electrode voltage to the first common electrode
so that the first common electrode voltage is subjected to a
polarity reversal for each certain time period and (ii) the
second common electrode voltage application means to apply
the second common electrode voltage to the second common
electrode so that the second common electrode voltage is
subjected to a polarity reversal for each certain time period,
said control means carrying out control so that a time differ-
ence is secured, in a given time period, at least one of: (1)
between (a) a rising edge of a polarity reversal of a first
common electrode voltage and (b) a rising edge of a polarity
reversal of a second common electrode voltage, and (2)
between (c) a falling edge of a polarity reversal of the first
common electrode voltage and (d) a falling edge of a polarity
reversal of the second common electrode voltage, where the
rising edge of the polarity reversal indicates a time point at
which the first or second common electrode voltage starts to
rise from a first voltage to a second voltage which is larger
than the first voltage, and the falling edge of the polarity
reversal indicates a time point at which the first or second
common electrode voltage starts to fall from a third voltage to
a fourth voltage which is smaller than the third voltage.

[0011] According to the arrangement, a liquid crystal dis-
play device in accordance with the present invention can
provide a liquid crystal display device which exhibits a
smaller transient inrush current value when the COM signal
(COM voltage) is subjected to a polarity reversal. The follow-
ing description will discuss a case where the plurality of
common electrodes are provided on the counter substrate, as
an example.

[0012] First, the liquid crystal display device in accordance
with the present invention is arranged so that each pixel
electrode includes a region facing a first one of the plurality of
common electrodes across a liquid crystal layer and a region
facing a second one of the plurality of common electrodes
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across the liquid crystal layer, the second common electrode
being different from the first common electrode and also that
different common electrode voltages are applied to the first
and second common electrodes. Accordingly, each pixel elec-
trode includes at least a first region facing the first common
electrode across the liquid crystal layer and a second region
facing the second common electrode across the liquid crystal
layer. When the liquid crystal display device is driven, the first
common electrode voltage is applied to the first common
electrode, and the second common electrode voltage is
applied to the second common electrode. Since the first and
second common electrode voltages have different voltage
values as early described, the voltage applied across the liquid
crystal layer in the first region, that is, the liquid crystal layer
interposed between the first region of the pixel electrode and
the first common electrode can be made to differ from the
voltage applied across the liquid crystal layer in the second
region, that is, the liquid crystal layer interposed between the
second region of the pixel electrode and the second common
electrode, or vice versa.

[0013] Furthermore, the liquid crystal display device has
V-T characteristics that are in accordance with variable trans-
mittances of the pixel regions averaged over the entire pixel.
Display quality is hence improved for intermediate grayscale
levels when the display screen of the liquid crystal display
device is viewed from an oblique angle. In other words, the
liquid crystal display device has improved viewing angle
characteristics.

[0014] Viewing angle is increased in a case where the
amplitude of either the first common electrode voltage
(COM1) applied to the first common electrode or the second
common electrode voltage (COM2) applied to the second
common electrode is increased in excess of the amplitude of
the conventional common electrode voltage (COM). This
arrangement however also leads to a problem of increased
inrush current occurring in reversing the COM signal. For
example, the COM amplitude is 5 Vpp in a conventional
arrangement (1), whereas in an arrangement (2) which
includes COM1 and COM2, the COM1 amplitude is 4 Vpp,
and the COM2 amplitude is 8.5 Vpp. The electric current
needed to reverse the COM signal is given by the following
equation:

Electric Current=fxCx Vpp,

where f is a reversal frequency, C is a liquid crystal capaci-
tance, and Vpp is a COM amplitude. Hence,

Electric Current Needed for Arrangement(1)=fxCx
5=5fC

Electric Current Needed for Arrangement(2)=fx(C/2)x
4+/%(C2)x8.5=6.25fC

These results show that the electric current needed in revers-
ing the COM signal is greater in the arrangement (2). In
addition, to prepare for the generation of this inconvenient
inrush current, the system end needs to have a current sup-
plying capability that is sufficient in view of the value of the
inrush current to prevent a flow of inrush current from shut-
ting down power supply. In other words, costly components
have to be used in designing a system-end power supply to
prepare forthe inrush current. According to the present inven-
tion, however, there is provided control means for controlling
to provide, upon at least either rising or falling edge of polar-
ity reversals of the first and second common electrode volt-
ages in a given horizontal scan period, a time difference
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between the timing at which the first common electrode volt-
age is subjected to a polarity reversal and the timing at which
the second common electrode voltage is subjected to a polar-
ity reversal. Accordingly, not all the first and second common
electrode voltages are subjected to respective polarity rever-
sals at once; the voltages are reversed at different timings.
This time difference disperses the peaks (instantaneous val-
ues) of a current waveform along the time axis and prevents
the peaks from being concentrated at any point in time.
[0015] Thus, ina liquid crystal display device, having wide
viewing angle characteristics, in which a plurality of subpix-
els are formed by providing a plurality of common electrodes
to face pixel electrodes, it is possible to suppress increases in
the electric current needed in polarity reversal of the common
electrode voltages.

[0016] In addition, this arrangement of the present inven-
tion allows generation of inconvenient inrush current to be
held down in this manner, and therefore eliminates the need to
use costly components in designing a system-end power sup-
ply.

[0017] Inother words, it is possible to provide, at low cost,
a liquid crystal display device, having wide viewing angle
characteristics, which achieves low power consumption by
restraining generation of inconvenient inrush current.

[0018] Therefore, according to the arrangement of the
present invention, it is possible to realize wide viewing angle
characteristics and also to lower the transient inrush current
value (peak value) which is a problem that occurs in a con-
ventional arrangement when the common electrode voltage is
subjected to a polarity reversal.

[0019] Note that a polarity is a term that describes, in a
relative manner, the relationship between the electric poten-
tial of a common electrode and the electric potential of a
source in a period in which a voltage is applied to a pixel
electrode. The state in which the source potential level is
relatively high as compared with the electric potential of the
common electrode is described as being positive, whereas the
state in which the source potential level is relatively low as
compared with the electric potential of the common electrode
is described as being negative.

[0020] Additional objects, features, and advantages of the
invention will be more readily understood upon consideration
of the following detailed description of the invention, taken in
conjunction with the accompanying drawings.

[0021] As described in the foregoing, a liquid crystal dis-
play device in accordance with the present invention includes:
an active matrix substrate on which a plurality of data signal
lines and a plurality of scan signal lines which intersect with
the plurality of data signal lines are provided, and a plurality
of active elements and a plurality of pixel electrodes are
provided at respective intersections of the plurality of data
signal lines and the plurality of scan signal lines; a counter
substrate provided opposite the active matrix substrate; a
plurality of common electrodes provided on the active matrix
substrate or the counter substrate, each of the plurality of
common electrodes being made up of a first common elec-
trode and a second common electrode, each of the plurality of
pixel electrodes having (a) a region facing the first common
electrode and (b) a region facing the second common elec-
trode, the second common electrode being different from the
first common electrode; a liquid crystal layer provided
between the active matrix substrate and the counter substrate;
first common electrode voltage application means for apply-
ing a first common electrode voltage to the first common



US 2012/0320018 Al

electrode; second common electrode voltage application
means for applying asecond common electrode voltage to the
second common electrode, the second common electrode
voltage being different from the first common electrode volt-
age; and control means for controlling (i) the first common
electrode voltage application means to apply the first com-
mon electrode voltage to the first common electrode so that
the first common electrode voltage is subjected to a polarity
reversal for each certain time period and (ii) the second com-
mon electrode voltage application means to apply the second
common electrode voltage to the second common electrode
so that the second common electrode voltage is subjected to a
polarity reversal for each certain time period, said control
means carrying out control so that a time difference is
secured, in a given time period, atleast one of: (1) between (a)
arising edge ofa polarity reversal of a first common electrode
voltage and (b) a rising edge of a polarity reversal of a second
common electrode voltage, and (2) between (c) a falling edge
of a polarity reversal of the first common electrode voltage
and (d) a falling edge of a polarity reversal of the second
common electrode voltage, where the rising edge of the polar-
ity reversal indicates a time point at which the first or second
common electrode voltage starts to rise from a first voltage to
a second voltage which is larger than the first voltage, and the
falling edge of the polarity reversal indicates a time point at
which the first or second common electrode voltage starts to
fall from a third voltage to a fourth voltage which is smaller
than the third voltage.

[0022] Thus, in a liquid crystal display device in which
each pixel electrode includes a region facing a first one of the
plurality of common electrodes across a liquid crystal layer
and a region facing a second one of the plurality of common
electrodes across the liquid crystal layer, the second common
electrode being different from the first common electrode, it
is possible to provide a liquid crystal display device which
exhibits a smaller transient inrush current value (peak value)
when the common electrode voltages are subjected to respec-
tive polarity reversals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.11is a block diagram of a liquid crystal display
device in accordance with an embodiment of the present
invention.

[0024] FIG. 21s a cross-sectional view of a substrate struc-
ture constituting a pixel array for the liquid crystal display
device shown in FIG. 1.

[0025] FIG. 3 is a plan view partially illustrating a display
panel for the liquid crystal display device shown in FIG. 1.
[0026] FIG. 4 is a plan view of a surface of a counter
substrate provided in the display panel for the liquid crystal
display device shown in FIG. 1. Common electrodes will be
formed on the surface.

[0027] FIG. 5is (i) a timing chart of signals applied to the
respective first and second common electrodes ((a) of FIG. 5)
and (ii) current waveform diagrams corresponding to the
timing chart ((b) in FI1G. 5).

[0028] FIG. 6is (i) a timing chart of signals applied to the
respective first and second common electrodes ((a) in FIG. 6)
and (ii) current waveform diagrams corresponding to the
timing chart ((b) in FIG. 6).

[0029] FIG. 7is (i) a timing chart of signals applied to the
respective first and second common electrodes ((a) in FIG. 7)
and (ii) current waveform diagrams corresponding to the
timing chart ((b) in FIG. 7).
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[0030] FIG. 8 is (i) a timing chart of signals applied to the
respective first and second common electrodes ((a) in FIG. 8)
and (i) current waveform diagrams corresponding to the
timing chart ((b) in FIG. 8).

[0031] FIG. 9is (i) a timing chart of signals applied to the
respective first and second common electrodes ((a) in FIG. 9)
and (i) current waveform diagrams corresponding to the
timing chart ((b) in FIG. 9).

[0032] FIG. 10 is (i) a timing chart of signals applied to the
respective first and second common electrodes ((a) in FIG.
10) and (ii) current waveform diagrams corresponding to the
timing chart ((b) in FIG. 10).

[0033] FIG. 11 is (i) a timing chart of signals applied to the
respective first and second common electrodes ((a) in FIG.
11) and (ii) current waveform diagrams corresponding to the
timing chart ((b) in FIG. 11).

[0034] FIG. 12 is (i) a timing chart of signals applied to the
respective first and second common electrodes ((a) in FIG.
12) and (ii) current waveform diagrams corresponding to the
timing chart ((b) in FIG. 12).

[0035] FIG. 13 shows circuit blocks for a comparative cir-
cuit configuration.

[0036] FIG. 14 is a timing chart of signals applied to the
respective first and second common electrodes.

[0037] FIG. 15is adrawing showing, using a part of FIG. 1,
a circuit configuration with which FIG. 14 is embodied.
[0038] FIG. 16 is a timing chart showing a circuit configu-
ration and its effect using a part of FIG. 1.

[0039] FIG. 17, relating to another embodiment of a liquid
crystal display device in accordance with the present inven-
tion, is (1) a timing chart of signals applied to the respective
first and second common electrodes on a counter substrate
provided in a display panel of the liquid crystal display device
((a) in FIG. 17) and (ii) current waveform diagrams corre-
sponding to the timing chart ((b) in FIG. 17).

[0040] FIG. 18, relating to another embodiment of a liquid
crystal display device in accordance with the present inven-
tion, is (i) a timing chart of signals applied to the respective
first and second common electrodes on a counter substrate
provided in a display panel of the liquid crystal display device
((a) in FIG. 18) and (ii) current waveform diagrams corre-
sponding to the timing chart ((b) in FIG. 18).

[0041] FIG. 19, relating to another embodiment of a liquid
crystal display device in accordance with the present inven-
tion, is a timing chart of signals applied to the respective first
and second common electrodes on a counter substrate pro-
vided in a display panel of the liquid crystal display device.
[0042] FIG. 20, relating to another embodiment of a liquid
crystal display device in accordance with the present inven-
tion, is a timing chart of signals applied to the respective first
and second common electrodes on a counter substrate pro-
vided in a display panel of the liquid crystal display device.

DETAILED DESCRIPTION OF THE INVENTION

[0043] The following description will discuss an embodi-
ment of a liquid crystal display device in accordance with the
present invention in reference to FIGS. 1 through 12 and
FIGS. 14 through 16.

[0044] FIG. 1 is a schematic block diagram illustrating an
entire arrangement of a liquid crystal display device of active
matrix type in accordance with Embodiment 1.

[0045] As is clear from FIG. 1, the liquid crystal display
device 1 includes: (i) a display panel constituted by a pixel
array ARY, a scan signal line drive circuit GD, and a data
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signal line drive circuit SD; (ii) a control device (control
means) including a timing controller CTRL; and (iii) an extet-
nal power supply circuit VGEN.

[0046] According to the pixel array ARY of the display
panel, pixels PIX are provided, in a matrix manner, near
intersections of a number of scan signal lines GL. and a num-
ber of data signal lines SL with which the scan signal lines GL.
intersect. Each pixel PIX is connected to an adjoining one of
the number of scan signal lines GL and to an adjoining one of
the number of data signal lines SL.

[0047] The pixel array ARY, the data signal line drive cir-
cuit SD, and the scan signal line drive circuit GD are provided
on a single substrate and driven in response to (i) a video
signal dat, a clock signal cks, a start signal sps, a clock signal
ckg, a start signal spg, and a plse width control signal gps,
which are provided by the timing controller CTRL and (ii)
various drive power sources supplied from the external power
supply circuit VGEN.

[0048] The data signal line drive circuit SD samples an
inputted video signal dat in synchronism with the clock signal
cks and other timing signals. The video signal dat thus
sampled is outputted, after being amplified, if necessary, to
the data signal lines SL. The scan signal line drive circuit GD
sequentially selects the scan signal lines GL in synchronism
with the clock signal ckg and other timing signals, and con-
trols switching elements in the respective pixels PIX to be
turned on or off. This causes the video signal (data) dat, which
has been outputted to the data signal lines SL, to be (i) written
into the pixels PIX and (ii) retained in the pixels PIX.
[0049] In a case of a liquid crystal display device which
carries out a color display using R (red), G (green), and B
(blue) as primary colors, forexample, three R, G, and B pixels
PIX produces one (1) color.

[0050] The following description will discuss in detail how
the pixel array ARY is configured in the display panel. For
convenience, the scan signal line drive circuit GD and the data
signal line drive circuit SD are omitted from the following
description.

[0051] FIG. 21sa cross-sectional view of a substrate struc-
ture constituting the pixel array ARY. The display panel of the
liquid crystal display device 1 includes: (i) an active matrix
substrate 20 constituted by pixel electrodes 24, an alignment
film 26, an insulating substrate 22 on which the pixel elec-
trodes 24 and the alignment film 26 are provided; (ii) a
counter substrate 40 constituted by a common electrode 44,
an alignment film 46, and an insulating substrate 42 on which
the common electrode 44 and the alignment film 46 are pro-
vided; and (iii) a liquid crystal layer 60 provided between the
active matrix substrate 20 and the counter substrate 40. The
active matrix substrate 20 and the counter substrate 40 are
each provided with a polarizer (not shown). The polarizers
have respective polarization axes which meet a crossed Nicol
relationship. The liquid crystal layer 60 has a substantially
uniform thickness.

[0052] The pixels PIX (see FIG. 1) are delineated by the
pixel electrodes 24.

[0053] Note that the liquid crystal display device 1 of
Embodiment 1 operates in VA mode. The alignment films 26
and 46 are respective vertical alignment films. The liquid
crystal layer 60 is of vertical alignment type. A “liquid crystal
layer of vertical alignment type” refers to a liquid crystal layer
in which liquid crystal molecules have their respective axes
oriented (alternatively termed “axial alignment”) at about 85°
or greater with respect to surfaces of the vertical alignment
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films 26 and 46. The liquid crystal molecules exhibit negative
dielectric anisotropy and carry out adisplay in normally black
mode in a combination with the polarizers which meet the
crossed Nicol relationship. While no voltage is applied across
the liquid crystal layer 60, the liquid crystal molecules 62 in
the liquid crystal layer 60 are oriented substantially parallel to
anormal to major surfaces of the alignment films 26 and 46.
In contrast, while a voltage which is higher than a predetet-
mined voltage is being applied across the liquid crystal layer
60, the liquid crystal molecules 62 in the liquid crystal layer
60 are oriented substantially parallel to the major surfaces of
the alignment films 26 and 46. The active matrix substrate 20
and the counter substrate 40 include the alignment films 26
and 46, respectively, according to Embodiment 1. The present
embodiment is not limited to this. Alternatively, at least one of
the active matrix substrate 20 and the counter substrate 40 can
be include a corresponding one of the alignment films 26 and
46. In view of stability of orientation, however, the active
matrix substrate 20 and the counter substrate 40 preferably
include the alignment films 26 and 46 respectively.

[0054] FIG. 3isaplan view partially illustrating the display
panel shown in FIG. 1. For convenience, the scan signal line
drive circuit GD and the data signal line drive circuit SD are
likewise omitted from FIG. 3.

[0055] According to the display panel of the liquid crystal
display device 1, the gate wires GL extend in an x-direction
and the source wires SL extend in a y-direction (see F1G. 3).
Each TFT 30 is provided near a corresponding one of inter-
sections of the gate wires GL and the source wires SL. F1G. 3
shows 2x2 pixels as a part of a pixel array.

[0056] As is clear from FIG. 3, each pixel electrode 24
includes unit sections 24u1 and 2442 and a connecting sec-
tion 24x1. The unit sections 24u1 and 242 are provided in a
column direction (y-direction). The connecting section 24zn1
connects the unit section 24x1 and the unit section 24u2
together, so that the unit section 2441 and the unit section
2442 have identical electric potentials. Note that FIG. 3 does
not show all unit sections. According to the liquid crystal
display device 1, six unit sections (2 in the x-directionx3 in
the y-direction) are provided as a display unit displaying one
(1) color.

[0057] The unit sections 24u1 and 24u2 have identical
shapes. The shape of the unit section 24u1 will be specifically
described below. Each of the unit sections 241 is made up of
a cross-shaped axial section 24z and four stripe sections 24v
which extend from the axial section 24¢. The cross-shaped
axial section 24¢ delineates four regions R1 through R4. The
stripe sections 24v in the regions R1 and R3 extend with
respective azimuths of 135° and 315°, and the stripe sections
24v in the regions R2 and R4 extend with respective azimuths
of 45° and 225°, where the azimuth has, as a reference, a
horizontal direction (left-to-right direction) of a display
screen (page surface of FIG. 3) and is positive in a counter-
clockwise direction (when comparing a display surface to
clock face, the 3 o’clock direction corresponds to an azimuth
of 0°, and the azimuth increases counterclockwise). The unit
sections 24u1 and 2442 have a fish bone structure. Each ofthe
unit sections 24u1 and 24u2 have dimensions of 45 umx45
um. The connecting section 24r1 has a length of 5 um. The
axial section 24¢ has a width of 4 pm. The stripe section 24v
has a width and a pitch of 2.5 pm and 5.0 pm respectively.
[0058] The common electrode 44 will be described below.
FIG. 4 is a plan view illustrating a surface, of the counter
substrate 40, on which the common electrode 44 is provided.
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[0059] According to Embodiment 1, the common electrode
44 is made up of first common electrodes 11 and second
common electrodes 12 which linearly extend on a display
area 40D of the liquid crystal display device 1 so as to alter-
nate in a row direction (x-directions) (see FIG. 4). Each of the
linearly extending first and second common electrodes 11 and
12 can have a width (length in a y-direction) of, for example,
145 pm. A slit 45 can have a width of, for example, 5 pm.

[0060] The following description will discuss where the
first and second common electrodes 11 and 12 overlap the
pixel electrodes 24 (the unit sections 24u1 and 24u2 and the
connecting section 24#) in reference to FIG. 3.

[0061] A first common electrode 11 and a second common
electrode 12 are provided, as is clear from FIG. 3, so as to
overlap with respective pixel electrodes 24 arranged in a
corresponding row. Specifically, the first common electrode
11 and the unit section 241 in one of the pixel electrodes 24
are arranged to overlap each other, and the second common
electrode 12 and the unit section 242 in the other of the pixel
electrodes 24 are arranged to overlap each other. The first
common electrode 11 and the second common electrode 12,
which linearly extend in the row direction (x-direction), are
alternated so that a linear slit 45 is secured between respective
adjacent first and second common electrodes 11 and 12. This
causes a pixel P delineated by the pixel electrode 24 to be
made up of (1) a subpixel SP1 delineated by the overlapping of
the unit section 24u1 and the first common electrode 11 and
(i1) a subpixel SP2 delineated by the overlapping of the unit
section 2442 and the second common electrode 12. The unit
sections 24u1 and 242 hence function as respective subpixel
electrodes in the liquid crystal display device 1.

[0062] The first common electrode 11 and the second com-
mon electrode 12 are electrically isolated from each other,
and receive respective different common electrode signals. In
other words, the first common electrode 11 and the second
common electrode 12 receive respective different common
electrode voltages. The common electrode signals applied to
the respective first and second common electrodes are gener-
ated by a common electrode signal application circuit pro-
vided in the external power supply circuit VGEN, via later
described common electrode (COM) signal generating cit-
cuits (first common electrode voltage application means, sec-
ond common electrode voltage application means).

[0063] Hereinafter, (i) a signal (voltage) to be applied to a
first common electrode 11 is referred to as a first common
electrode signal (first common electrode voltage), (ii) a signal
(voltage) to be applied to a second common electrode 12 is
referred to as a second common electrode signal (second
common electrode voltage), (iii) the first common electrode
signal can be referred to also as the COMI signal, and (iv) the
second common electrode signal can be referred to also as the
COM?2 signal.

[0064] The first common electrode signal is supplied to the
first common electrode 11 via wiring in a frame area 40S
provided on a left side of the display area 40D. The second
common electrode signal is supplied to the second common
electrode 12 via wiring in the frame area 408 provided on a
right side of the display area 40D.

[0065] The first and second common electrode signals can
be generated by an external circuit and then supplied to the
liquid crystal display device 1 via respective COM terminals.
Alternatively, the first and second common electrode signals
can be generated by a driver.

Dec. 20,2012

[0066] While a voltage is being applied across the liquid
crystal layer 60 (see FIG. 2), liquid crystal molecules 62 in
each stripe section 24v of the liquid crystal layer 60 are
oriented parallel to a direction in which the each stripe section
24v extends. In this situation, the fish bone structures of the
unit sections 24u1 and 2442 shown in FIG. 3 stabilize the
orientations of the liquid crystal molecules 62 and form a
liquid crystal domain in each of the regions R1 through R4.

[0067] Hereinafter, an orientation of the liquid crystal mol-
ecules at a center of a liquid crystal domain is referred to as a
reference orientation direction. Also hereinafter, an azimuth
component, of the reference orientation direction, which is
headed from a backside to a foreside along major axes of the
liquid crystal molecules (i.e., an azimuth component obtained
by projecting the reference orientation direction onto the
major surface of the alignment film 26 or the alignment film
46 which are shown in FIG. 2) is referred to as reference
azimuth. The reference azimuth characterizes a correspond-
ing liquid crystal domain, and viewing angle characteristics
of the liquid crystal domain are dominantly affected by the
reference azimuth. Specifically, the four reference orientation
directions of the liquid crystal domains in the regions R1
through R4 are set so that a difference between respective two
ofthe reference orientation directions is substantially equal to
an integral multiple of 90°. Specifically, the reference azi-
muths of the liquid crystal domains in the regions R1 through
R4 are 135°, 45°,315°, and 225° respectively. Accordingly,
symmetric viewing angle characteristics are realized.

[0068] As early described, the first common electrode sig-
nal is applied to the first common electrode 11, and the second
common electrode signal is applied to the second common
electrode 12 which is different from the first common elec-
trode signal. The unit sections 24«1 and 24u2 of the pixel
electrode 24 shown in FIG. 3 have identical electric poten-
tials. Therefore, a voltage applied across the liquid crystal
layer 60 (see FIG. 1) between the unit section 24«1 and the
first common electrode 11 is different from a voltage applied
across the liquid crystal layer 60 (see F1G. 1) between the umt
section 24u2 and the second common electrode 12. This
causes the subpixel SP1 to have a transmittance which is
different from that of the subpixel SP2, during an intermedi-
ate grayscale-level display.

[0069] For ease of the following description, it is supposed
that input signals are inputted which cause all pixels to have
identical grayscale levels. For example, in a case where input
signals are inputted which cause all pixels to have amaximum
grayscale level, the entire screen displays white. It is further
supposed that, in a case where a voltage of 5V is applied
across the liquid crystal layer 60 (see FIG. 1), the pixels
exhibit transmittances which correspond to the maximum
grayscale level.

[0070] An electric potential of the common electrode,
instead of that of the pixel electrode, is adjusted to improve
excess brightness in the liquid crystal display device 1 of
Embodiment 1.

[0071] Theliquid crystal display device 1 of Embodiment 1
is arranged to control how to apply the first and second com-
mon electrode voltages to the first and second common elec-
trodes, respectively (i.e., how to apply the first and second
common electrode signals to the first and second common
electrodes, respectively). Specifically, the liquid crystal dis-
play device 1 carries out the following control: a time differ-
ence is secured, in a given horizontal scan period, at least one
of (1) between (a) a rising edge of a polarity reversal of a first
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common electrode voltage and (b) a rising edge of a polarity
reversal of a second common electrode voltage and (2)
between (c) a falling edge of a polarity reversal of the first
common electrode voltage and (d) a falling edge of a polarity
reversal of the second common electrode voltage. Note that
(1) the first and second common electrode voltages (the first
and second common electrode signals) are each subjected to
a polarity (electric potential) reversal at integral multiples of
a horizontal scan period, (ii) the rising edge of the polarity
reversal indicates a time point at which the first or second
common electrode voltage starts to rise from a first voltage to
asecond voltage which s larger than the first voltage, and (iii)
the falling edge of the polarity reversal indicates a time point
at which the first or second common electrode voltage starts
to fall from a third voltage to a fourth voltage which is smaller
than the third voltage.

[0072] The following description will discuss the feature
arrangement, referring to the following eight example Pat-
terns A through H.

[0073] FIG. 5 shows (i) a timing chart of signals applied to
the respective first and second common electrodes 11 and 12
in Pattern A ((a) of FIG. 5) and (i1) current waveform dia-
grams corresponding to the timing chart ((b) of FIG. 5).
[0074] In Pattern A, as shown in (a) of FIG. 5, (i) a first
common electrode signal VC1 has an amplitude which is
smaller than that of the second common electrode signal VC2
(ii) a timing of a polarity reversal of the second common
electrode signal VC2 is always delayed with respect to a
timing of a corresponding polarity reversal of the first com-
mon electrode signal VC1. According to Pattern A, (a) a
timing of a polarity reversal of the second common electrode
signal VC2 is delayed with respect to a timing of a polarity
reversal of the first common electrode signal VC1, with
regard to the time difference (1) and (b) a timing of a polarity
reversal of the second common electrode signal VC2 likewise
is delayed with respect to a timing of a polarity reversal of the
first common electrode signal VC1, with regard to the time
difference (2).

[0075] Note that the timing of the polarity reversal of the
first common electrode signal VC1 is synchronized with a
timing of a line inversion in Pattern A.

[0076] The current waveform diagram in (b) of FIG. §
further shows, for comparison, a comparative current wave-
form obtained in a case where the first and second common
electrode signals are simultaneously subjected to respective
polarity reversals, as well as a current waveform correspond-
ing to the timing chart of Pattern A. As is clear from (b) of
FIG. 5, inrush currents are dispersed along a time axis by
employing Pattern A in which a timing of a polarity reversal
of the second common electrode signal VC2 is always
delayed with respect to a timing of a polarity reversal of the
first common electrode signal VC1. In other words, Pattern A
is a driving method capable of holding down peak values
(transient values) of the current waveform, as compared with
those of a comparative current waveform.

[0077] FIG. 6 shows (i) a timing chart of signals applied to
the respective first and second common electrodes 11 and 12
in Pattern B ((a) of FIG. 6) and (ii) current waveform dia-
grams corresponding to the timing chart ((b) of FIG. 6).
[0078] In Pattern B, as shown in (a) of FIG. 6, (i) a first
common electrode signal VC1 has an amplitude which is
smaller than that of the second common electrode signal VC2,
and (ii) a timing of a polarity reversal of the first common
electrode signal VC1 is always delayed with respect to a
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timing of a corresponding polarity reversal of the second
common electrode signal VC2. According to Pattern B, a
timing of a polarity reversal of the first common electrode
signal VC1 is delayed with respect to a timing of a polarity
reversal of the second common electrode signal VC2 with
regard to the time difference (1), and a timing of a polarity
reversal of the first common electrode signal VC1 likewise is
delayed with respect to a timing of a polarity reversal of the
second common electrode signal VC2 with regard to the time
difference (2).

[0079] Furthermore, the timing of the polarity reversal of
the second common electrode signal VC2 is synchronized
with a timing of a line inversion in Pattern B.

[0080] The current waveform diagram in (b) of FIG. 6
further shows the comparative current waveform shown in (b)
of FIG. 5, as well as a current waveform corresponding to the
timing chart of Pattern B. As is clear from (b) of FIG. 6 that an
inrush current is dispersed along a time axis by employing
Pattern B in which a timing of a polarity reversal of the first
common electrode signal VC1 is always delayed with respect
to a timing of a corresponding polarity reversal of the second
common electrode signal VC2. In other words, Pattern B is a
driving method capable of holding down peak values (tran-
sient values) of the current waveform as compared with a
comparative circuit configuration.

[0081] FIG. 7 shows (1) a timing chart of signals applied to
the respective first and second common electrodes 11 and 12
in Pattern C ((a) of FIG. 7) and (i) current waveform dia-
grams corresponding to the timing chart ((b) of FIG. 7).
[0082] In Pattern C, as shown in (a) of FIG. 7, (i) a first
common electrode signal VC1 has an amplitude which is
smaller than that of the second common electrode signal VC2,
(i1) a rising edge of a polarity reversal of the first common
electrode signal VC1 is delayed with respect to a rising edge
of a polarity reversal of the second common electrode signal
VC2, and (iii) a falling edge of a polarity reversal of the
second common electrode signal VC2 is delayed with respect
to a falling edge of a polarity reversal of the first common
electrode signal VCI.

[0083] According to Pattern C, a timing of a polarity rever-
sal of the first common electrode signal VC1 is delayed with
respect to a timing of a polarity reversal of the second com-
mon electrode signal VC2 with regard to the time difference
(1), and a timing of a polarity reversal of the second common
electrode signal VC2 is delayed with respect to a timing of a
polarity reversal of the first common electrode signal VC1
with regard to the time difference (2).

[0084] According to Pattern C, (i) a rising timing of the
second common electrode signal VC2 is synchronized with a
switching from a given horizontal scan period ((n-1)-th line)
to asucceeding horizontal scan period (n-th line), with regard
to rising edges of the first and second common electrode
signals and (ii) a falling timing of the first common electrode
signal VC1 is synchronized with a switching from the n-th
line to a succeeding (n+1)-th line, with regard to falling edges
of the first and second common electrode signals.

[0085] The current waveform diagram in (b) of FIG. 7
further shows the comparative current waveform shown in (b)
of FIG. 5, as well as a current waveform corresponding to the
timing chart of Pattern C. As is clear from (b) of FIG. 7 that an
inrush current is dispersed along a time axis by delaying a
timing of a polarity reversal of the first common electrode
signal VC1 and a timing of a corresponding polarity reversal
of the second common electrode signal VC2. In other words,
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Pattern C is a driving method capable of holding down peak
values (transient values) of the current waveform as com-
pared with a comparative circuit configuration.

[0086] FIG. 8 shows (i) a timing chart of signals applied to
the respective first and second common electrodes 11 and 12
in Pattern D ((a) of FIG. 8) and (ii) current waveform dia-
grams corresponding to the timing chart ((b) of FIG. 8).

[0087] In Pattern D, as shown in (a) of FIG. 8, (i) a first
common electrode signal VC1 has an amplitude which is
smaller than that of the second common electrode signal VC2,
(ii) a rising timing of a polarity reversal of the second com-
mon electrode signal VC2 is delayed with respect to a rising
timing of a polarity reversal of the first common electrode
signal VC1, and (iii) a falling timing of a polarity reversal of
the first common electrode signal VC1 is delayed with respect
to a falling timing of a polarity reversal of the second common
electrode signal VC2. According to Pattern D, a timing of a
polarity reversal of the second common electrode signal VC2
is delayed with respect to a timing of a polarity reversal of the
first common electrode signal VC1 with regard to the time
difference (1), and a timing of a polarity reversal of the first
common electrode signal VC1 is delayed with respect to a
timing of a polarity reversal of the second common electrode
signal VC2 with regard to the time difference (2).

[0088] According to Pattern D, (i) arising timing of the first
common electrode signal VC1 is synchronized with a switch-
ing from a given horizontal scan period ((n-1)-th line) to a
succeeding horizontal scan period (n-th line), with regard to
rising edges of the first and second common electrode signals
and (ii) a falling timing of the second common electrode
signal VC2 is synchronized with a switching from the n-th
line to a succeeding (n+1)-th line, with regard to falling edges
of the first and second common electrode signals.

[0089] The current waveform diagram in (b) of FIG. 8
further shows the comparative current waveform shownin (b)
of FIG. 5, as well as a current waveform corresponding to the
timing chart of Pattern D. Asis clear from (b) of FIG. 8 that an
inrush current is dispersed along a time axis by delaying a
timing of a polarity reversal of the first common electrode
signal VC1 and a timing of a corresponding polarity reversal
of the second common electrode signal VC2. In other words,
Pattern D is a driving method capable of holding down peak
values (transient values) of the current waveform as com-
pared with a comparative circuit configuration.

[0090] FIG. 9 shows (i) a timing chart of signals applied to
the respective first and second common electrodes 11 and 12
in Pattern E ((a) of FIG.9) and (ii) current waveform diagrams
corresponding to the timing chart ((b) of FIG. 9).

[0091] In Pattern E, as shown in (a) of FIG. 9, (i) a first
common electrode signal VC1 has an amplitude which is
smaller than that of the second common electrode signal VC2,
and (ii) a rising timing of a polarity reversal of the second
common electrode signal VC2 is delayed with respect to a
rising timing of a polarity reversal of the first common elec-
trode signal VC1. In contrast, a falling timing of a polarity
reversal of the first common electrode signal VC1 and a
falling timing of a polarity reversal of the second common
electrode signal VC2 are simultaneous. According to Pattern
E, atiming ofa polarity reversal of the first common electrode
signal VC1 is delayed with respect to a timing of a polarity
reversal of the second common electrode signal VC2 with
regard to the time difference (1), and the first common elec-
trode signal VC1 and the second common electrode signal
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VC2 are simultaneously subjected to respective polarity
reversals with regard to the time difference (2).

[0092] According to Pattern E, (i) a rising timing of the
second common electrode signal VC2 is synchronized with a
switching from a given horizontal scan period ((n-1)-th line)
to a succeeding horizontal scan period (n-th line), with regard
to rising edges of the first and second common electrode
signals and (i1) the falling timings of the polarity reversals of
the first common electrode signal VC1 and the second com-
mon electrode signal VC2 are synchronized with a switching
from the n-th line to a succeeding (n+1)-th line, with regard to
falling edges of the first and second common electrode sig-
nals.

[0093] The current waveform diagram in (b) of FIG. 9
further shows the comparative current waveform shown in (b)
of FIG. 5, as well as a current waveform corresponding to the
timing chart of Pattern E. As is clear from (b) of F1G. 9 that an
inrush current is dispersed along a time axis by delaying a
timing of a polarity reversal of the first common electrode
signal VC1 and a timing of a corresponding polarity reversal
of the second common electrode signal VC2. In other words,
Pattern E is a driving method capable of holding down peak
values (transient values) of the current waveform as com-
pared with a comparative circuit configuration.

[0094] FIG. 10 shows (i) a timing chart of signals applied to
the respective first and second common electrodes 11 and 12
in Pattern F ((a) of FIG. 10) and (ii) current waveform dia-
grams corresponding to the timing chart ((b) of FIG. 10).
[0095] In Pattern F, as shown in (a) of FIG. 10, (i) a first
common electrode signal VC1 has an amplitude which is
smaller than that of the second common electrode signal VC2,
and (ii) a rising timing of a polarity reversal of the first
common electrode signal VC1 is delayed with respect to a
rising timing of a polarity reversal of the second common
electrode signal VC2. In contrast, a falling timing of a polarity
reversal of the first common electrode signal VC1 and a
falling timing of a polarity reversal of the second common
electrode signal VC2 are simultaneously. A “rising point in
time of a common electrode signal” and a “falling point in
time of a common electrode signal” are defined for Pattern F
in the same way as for Pattern B. According to Pattern F, a
timing of a polarity reversal of the second common electrode
signal VC2 is delayed with respect to a timing of a polarity
reversal of the first common electrode signal VC1 with regard
to the time difference (1), and the first common electrode
signal VC1 and the second common electrode signal VC2 are
simultaneously subjected to respective polarity reversals with
regard to the time difference (2).

[0096] According to Pattern F, (i) a rising timing of the first
common electrode signal VC1 is synchronized with a switch-
ing from a given horizontal scan period ((n-1)-th line) to a
succeeding horizontal scan period (n-th line), with regard to
rising edges of the first and second common electrode signals
and (ii) the falling timings of the polarity reversals of the first
common electrode signal VC1 and the second common elec-
trode signal VC2 are synchronized with a switching from the
n-th line to a succeeding (n+1)-th line, with regard to falling
edges of the first and second common electrode signals.
[0097] The current waveform diagram in (b) of FIG. 10
further shows the comparative current waveform shown in (b)
of FIG. 5, as well as a current waveform corresponding to the
timing chart of Pattern F. As is clear from (b) of FIG. 10 that
an inrush current is dispersed along a time axis by delaying a
timing of a polarity reversal of the first common electrode
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signal VC1 and a timing of a corresponding polarity reversal
of the second common electrode signal VC2. In other words,
Pattern F is a driving method capable of holding down peak
values (transient values) of the current waveform as com-
pared with a comparative circuit configuration.

[0098] FIG. 11 shows (i) atiming chart of signals applied to
the respective first and second common electrodes 11 and 12
in Pattern G ((a) of FIG. 11) and (ii) current waveform dia-
grams corresponding to the timing chart ((b) of FIG. 11).
[0099] In Pattern G, as shown in (a) of FIG. 11, (i) a first
common electrode signal VC1 has an amplitude which is
smaller than that of the second common electrode signal VC2,
and (ii) a rising timing of a polarity reversal of the first
common electrode signal VC1 and a rising timing of a polar-
ity reversal of the second common electrode signal VC2 are
simultaneously. In contrast, a falling timing of a polarity
reversal of the first common electrode signal VC1 is delayed
with respect to a falling timing of a polarity reversal of the
second common electrode signal VC2. According to Pattern
G, the first common electrode signal VC1 and the second
common electrode signal VC2 are simultaneously subjected
to respective polarity reversals with regard to the time differ-
ence (1), and a timing of a polarity reversal of the first com-
mon electrode signal VC1 is delayed with respect to a timing
of a polarity reversal of the second common electrode signal
VC2 with regard to the time difference (2).

[0100] According to Pattern G, (i) the rising timings of the
polarity reversals of the first common electrode signal VC1
and the second common electrode signal VC2 are synchro-
nized with a switching from a given horizontal scan period
((n-1)-th line) to a succeeding horizontal scan period (n-th
line), with regard to rising edges of the first and second
common electrode signals and (ii) a falling timing of the
second common electrode signal VC2 is synchronized with a
switching from the n-th line to a succeeding (n+1)-th line,
with regard to falling edges of the first and second common
electrode signals.

[0101] The current waveform diagram in (b) of FIG. 11
further shows the comparative current waveform shownin (b)
of FIG. 5, as well as a current waveform corresponding to the
timing chart of Pattern G. As is clear from (b) of FIG. 11 that
an inrush current is dispersed along a time axis by delaying a
timing of a polarity reversal of the first common electrode
signal VC1 and a timing of a corresponding polarity reversal
of the second common electrode signal VC2. In other words,
Pattern G is a driving method capable of holding down peak
values (transient values) of the current waveform as com-
pared with a comparative circuit configuration.

[0102] FIG.12 shows (i)atiming chart of signals applied to
the respective first and second common electrodes 11 and 12
in Pattern H ((a) of FIG. 12) and (ii) current waveform dia-
grams corresponding to the timing chart ((b) of FIG. 12).
[0103] In Pattern H, as shown in (a) of FIG. 12, (i) a first
common electrode signal VC1 has an amplitude which is
smaller than that of the second common electrode signal VC2,
and (ii) a rising timing of a polarity reversal of the first
common electrode signal VC1 and a rising timing of a polar-
ity reversal of the second common electrode signal VC2 are
simultaneously. In contrast, a falling timing of a polarity
reversal of the second common electrode signal VC2 is
delayed with respect to a falling timing of a polarity reversal
of the first common electrode signal VC1. According to Pat-
tern H, the first common electrode signal VC1 and the second
common electrode signal VC2 are simultaneously subjected
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to respective polarity reversals with regard to the time differ-
ence (1), and a timing of a polarity reversal of the second
common electrode signal VC2 is delayed with respect to a
timing of a polarity reversal of the first common electrode
signal VC1 with regard to the time difference (2).

[0104] According to Pattern H, (i) the rising timings of the
polarity reversals of the first common electrode signal VC1
and the second common electrode signal VC2 are synchro-
nized with a switching from a given horizontal scan period
((n-1)-th line) to a succeeding horizontal scan period (n-th
line), with regard to rising edges of the first and second
common electrode signals and (i1) a falling timing of the first
common electrode signal VC1 is synchronized with a switch-
ing from the n-th line to a succeeding (n+1)-th line, with
regard to falling edges of the first and second common elec-
trode signals.

[0105] The current waveform diagram in (b) of FIG. 12
further shows the comparative current waveform shown in (b)
of FIG. 5, as well as a current waveform corresponding to the
timing chart of Pattern H. As is clear from (b) of FIG. 12 that
an inrush current is dispersed along a time axis by delaying a
timing of a polarity reversal of the first common electrode
signal VC1 and a timing of a corresponding polarity reversal
of the second common electrode signal VC2. In other words,
Pattern H is a driving method capable of holding down peak
values (transient values) of the current waveform as com-
pared with a comparative circuit configuration.

(Arrangement for Adjusting Timing of Polarity Reversal)

[0106] With reference to FIG. 1, the following description
will discuss an arrangement for delaying a timing of'a polarity
reversal (i.e., for securing a time difference) indicated on
Patterns A through H discussed above, in the liquid crystal
display device of Embodiment 1.

[0107] A polarity reversing signal is supplied, from the
timing controller CTRL in the control device shown in FIG. 1,
to a polarity reversing signal delay circuit (control means) A
and a polarity reversing signal delay circuit (control means) B
in the control device. After being processed in the polarity
reversing signal delay circuits A and B, the polarity reversing
signalis then supplied to (i) to a first common electrode signal
(COM1 signal) generating circuit for generating the first
common electrode signal and (ii) to a second common elec-
trode signal (COM2 signal) generating circuit for generating
the second common electrode signal.

[0108] The polarity reversing signal delay circuit A can be
enabled or disabled in accordance with a control signal A
shown in FIG. 1. The polarity reversing signal delay circuit B
canbe enabled or disabled in accordance with a control signal
B shown in FIG. 1. According to the arrangement, in a case
where only the first common electrode signal VC1 is delayed
as illustrated, for example, in FIG. 6, only the polarity revers-
ing signal delay circuit A is enabled in accordance with the
control signal A. In a case where only the second common
electrode signal VC2 is delayed as illustrated in FIG. 5, only
the polarity reversing signal delay circuit B is enabled in
accordance with the control signal B. According to the
arrangement shown in FIG. 1, common electrode signals can
be selectively delayed at its rising and/or falling edges.
[0109] The time difference is preferably not longer than a
time period obtained by subtracting, from one (1) horizontal
scan period, a time period during which a voltage is applied to
a gate electrode provided in the TFT 30 (see FIG. 1). This is
because of the following reason. Namely, if (i) a writing
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(charging) period for the pixel and (ii) a time point at which a
common electrode voltage is subjected to a polarity reversal
over lap each other, then there is a possibility that the pixel is
insufficiently charged. In view of the circumstances, the time
difference is set as described above. This causes (i) the writ-
ing (charging) period for the pixel and (ii) the time point at
which a common electrode voltage is subjected to a polarity
reversal not to over lap each other. It is therefore possible for
the pixel to be sufficiently charged.

[0110] The following description will briefly discuss cir-
cuit blocks of the comparative circuit configuration. FIG. 13
is a block diagram showing a comparative circuit configura-
tion. According to the comparative circuit configuration, nei-
ther the polarity reversing signal delay circuit A nor the polar-
ity reversing signal delay circuit B is provided, unlike
Embodiment 1 shown in FIG. 1. As such, a polarity reversing
signal is supplied, from a timing controller CTRL, to a COM1
signal (first common electrode signal) generating circuit and
aCOM2 signal (second common electrode signal) generating
circuit. The first and second common electrode signals have
respective polarities which vary in accordance with the polar-
ity reversing signal, and are then supplied to respective com-
mon electrodes. With the comparative circuit configuration,
the first and second common electrode signals are subjected
to respective polarity reversals (High or Low) in synchronism
with a High level or a Low level of the polarity reversing
signal (phases can differ by 180°).

[0111] Note that FIG. 1 shows a circuit configuration in
which the first common electrode signal VC1 and the second
common electrode signal VC2 can be both delayed. The
arrangement of FIG. 1 can thus realize all of the foregoing
patterns. Note, however, that in a case where only one of the
common electrode signals is delayed, it should be appreciated
that it is not necessary for the other of the common electrode
signals to be provided. In this case, it is possible to provide
only blocks that are dedicated to some of the patterns.

(Alternative Example Configuration (1) for Adjusting Timing
of Polarity Reversal)

[0112] The following description will discuss alternative
Example Configuration (1) foradjusting a timing of a polarity
reversal

[0113] As early described, according to Embodiment 1, in
a case where a time difference is secured between the timings
of the polarity reversals of the first common electrode signal
VCI1 and the second common electrode signal VC2, such a
time difference is secured when the common electrode sig-
nals start their respective polarity reversals. The time differ-
ence (delay time) between time points at which the common
electrode signals start their respective polarity reversals can
be an integral multiple of half a cycle of a reference clock
which is used in the liquid crystal display device 1 (see FIG.
1).

[0114] FIG. 14 shows an example case, with regard to ris-
ing edges of the common electrode signals, in which the
second common electrode signal VC2 is subjected to a polar-
ity reversal (rising) with a delay with respect to the first
common electrode signal VC1. As is clear from F1G. 14, it is
possible to realize, with the use of a simple circuit configu-
ration, an adjustment of the timings of rising edges and/or
falling edges of polarity reversals, by setting, to an integral
multiple of half a cycle of the reference clock signal, a time
difference between the starts of the polarity reversals of the
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respective first and second common electrode signals. FIG.
15 shows, using a part of FIG. 1, a circuit configuration with
which FIG. 14 is embodied.

[0115] Examples of the reference clock signal encompass a
video interface clock signal which is supplied to the liquid
crystal display device 1 (see FIG. 1). This allows the present
invention to be implemented with the use of a simple circuit
configuration.

[0116] Alternatively, internal oscillator clock signals (cks
and ckg in FIG. 1) generated by the liquid crystal display
device 1 (see FIG. 1) can be employed as the reference clock.
This also allows the present invention to be implemented with
the use of a simple circuit configuration.

(Alternative Example Configuration 2) for Adjusting Timing
of Polarity Reversal)

[0117] The following description will discuss alternative
Example Configuration (2) foradjusting a timing of a polarity
reversal.

[0118] According to Example Configuration (2), in a case
where the second common electrode signal VC2 is subjected
to a polarity reversal (rising) with a delay with respect to the
first common electrode signal VC1, the second common elec-
trode signal VC2 is delayed by supplying a polarity reversing
signal to an inverter delay circuit so that the second common
electrode signal VC2 is passed through the inverter delay
circuit as illustrated in FIG. 16.

[0119] Note, however, that Example Configuration (2) is
not limited to the inverter delay circuit. Alternatively, a buffer
circuit can be provided so as be followed by a common
electrode signal generating circuit which generates a delayed
common electrode signal. With the circuit configuration, a
polarity reversing signal is supplied to the common electrode
signal generating circuit, via the buffer circuit in which the
polarity reversing signal is passed through a plurality of buff-
ers which are cascade-connected so as to cause a delay.

[0120] Alternatively, Example Configuration (2) and
Example Configuration (1) can be combined.

(Function and Effect of Liquid Crystal Display Device of
Embodiment 1)

[0121] As ecarly described, the liquid crystal display device
1 of Embodiment 1, as is clear from FIG. 1, includes control
means (timing controller CTRL and polarity reversing signal
delay circuits A and B in FIG. 1) for implementing such
control to provide, in a given horizontal scan period, a time
difference between a timing of a polarity reversal of the first
common electrode voltage and a timing of a corresponding
polarity reversal of the second common electrode voltage
either when the first and second common electrode voltages
rise or when they fall, or both when they rise and fall, for the
polarity reversals. This prevents the first and second common
electrode voltages from being simultaneously subjected to
respective polarity reversals, securing the time difference
(delay) between the timings, examples of which are shown in
Patterns A through H. This time difference disperses the
peaks (instantaneous values) of a current waveform along the
time axis and prevents the peaks from being concentrated at
any point in time. Thus, in a liquid crystal display device,
having wide viewing angle characteristics, in which a plural-
ity of subpixels are formed by providing a plurality of com-
mon electrodes to face pixel electrodes, it is possible to sup-
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press increases in the electric current needed in polarity
reversal of the common electrode voltages.

[0122] In addition, this arrangement allows generation of
inconvenient inrush current to be held down and therefore
eliminates the conventional, undesirable need to use costly
components in designing a system-end power supply.

[0123] A timing of a polarity reversal is delayed for each
horizontal scan period according to Embodiment 1. The
present invention is, however, not limited to this. Alterna-
tively, a timing can be delayed every two horizontal scan
periods. Alternatively, a timing can be adjusted as discussed
above every integral multiple of the horizontal scan period.
[0124] Note that a timing of a polarity reversal can be
delayed based on the horizontal scan period. The present
invention is effective for timing adjustment for a polarity
reversal of a blanking period for a vertical scan period, instead
of a horizontal scan period.

[0125] Embodiment 1 has discussed, as an example, the
liquid crystal display device which operates in VA mode.
Embodiment 1 is, however, not limited to this. Alternatively,
Embodiment 1 encompasses a liquid crystal display device
which operates in TN mode, a liquid crystal display device, in
which pixel electrodes and common electrodes are provided
in a single plane and which operates in IPS mode, and other
types of liquid crystal display devices.

[0126] The following description will discuss Embodiment
2 of a liquid crystal display device in accordance with the
present invention in reference to FIGS. 17 and 18. For con-
venience, the members of Embodiment 2 that have the same
functions as the members of Embodiment 1 are indicated by
the respective same reference numerals and their respective
detailed descriptions are omitted.

[0127] According to Embodiment 1, with regard to a tran-
sition of a polarity reversal of the first or second common
electrode signal whichever is later, the first or second com-
mon electrode signal continuously changes from a predeter-
mined low voltage (a predetermined low electric potential) to
a predetermined high voltage (a predetermined high electric
potential), for example, at a rising edge of the polarity rever-
sal. In contrast, according to Embodiment 2, at a transition of
a polarity reversal of at least one of the first and second
common electrode signals, the transition from a predeter-
mined low (high) voltage to a predetermined high (low) volt-
age is carried out in a plurality of transition periods, and a
delay occurs between (i) a timing of a polarity reversal of the
first common electrode signal and (ii) a timing of a polarity
reversal of the second common electrode signal.

[0128] “The transition is carried out in a plurality of tran-
sition periods at the polarity reversal” means that periods are
secured at an intermediate voltage between a predetermined
low (high) voltage and a predetermined high (low) voltage, in
each of which periods a voltage (electric potential) does not
change as much as it does in a predetermined period.

[0129] The transition can be carried out in a plurality of
transition periods only at rising edges ((1) described in
Embodiment 1), only at falling edges ((2) described in
Embodiment 1), or both at rising edges and falling edges
(both (1) and (2) described in Embodiment 1).

[0130] A method, in which a polarity reversal is carried out
in aplurality of transition periods, can be realized by employ-
ing the foregoing conventionally known method.

[0131] The following description will discuss Embodiment
2 by exemplifying two patterns, i.e., Pattern I and Pattern J.
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[0132] FIG. 17 shows (i) a timing chart of signals applied to
the respective first and second common electrodes 11 and 12
in Pattern T ((a) of FIG. 17) and (ii) current waveform dia-
grams corresponding to the timing chart ((b) of FIG. 17).

[0133] In Pattern I, as shown in (a) of FIG. 17, at a rising
edge for a polarity reversal, a second common electrode sig-
nal VC2 changes from a predetermined low voltage (prede-
termined low electric potential) to a predetermined high volt-
age (electric potential) through two-step transition periods,
i.e., former and latter transition periods. A timing of a polarity
reversal of the latter transition period is delayed with respect
to a polarity reversal of the first common electrode signal
VC1, but the polarity reversal of the first common electrode
signal VC1 is delayed with respect to a timing of a polarity
reversal of the former transition period.

[0134] Specifically, at rising edges of the common elec-
trode signal shown in (a) of FIG. 17, the polarity reversal of
the second common electrode signal VC2 starts earlier than
the first common electrode signal VC1 starts, whereas the first
common electrode signal VC1 reaches the predetermined
high voltage (i.e., its polarity reversal is completed) before the
second common electrode signal VC2 reaches the predeter-
mined high voltage (i.e., when its polarity reversal is com-
pleted).

[0135] Note that Pattern 1 is applicable not only to a rising
edge, but also to a falling edge, as early described.

[0136] Pattern T has an advantage, as shown in (b) of FIG.
17, of being capable of further holding down peak values of
inrush currents at respective rising edges. Specifically, in
Pattern A exemplified in Embodiment 1, the peak current
values are held down by completely delaying the timings of
the polarity reversals of the first common electrode signal
VCl1 and the second common electrode signal VC2, as com-
pared with the comparative circuit configuration in FIG. 13 in
which the polarity reversals occur simultaneously. Due to an
difference in amplitude between the first common electrode
signal VC1 and the second common electrode signal VC2,
however, the peak values of the inrush currents caused by the
second common electrode signal VC2 are greater than that
caused by the first common electrode signal VC1. In order to
address this, the peak values of the inrush currents can be
further held down by employing Pattern 1. According to Pat-
tern I, (i) the timing of the polarity reversal of the second
common electrode signal VC2, which has a greater amplitude
than that of the first common electrode signal VC1, is made to
completely differ from the timing of the polarity reversal of
the first common electrode signal VC1, and (ii) the second
common electrode signal VC2 is controlled so that the tran-
sition is carried out in the plurality of transition periods.

[0137] FIG. 18 shows (i) a timing chart of signals applied to
the respective first and second common electrodes 11 and 12
in Pattern L ((a) of FIG. 18) and (ii) current waveform dia-
grams corresponding to the timing chart ((b) of FIG. 18).

[0138] Pattern L differs from Pattern I in that the first com-
mon electrode signal VC1, similarly to the second common
electrode signal VC2, each transition of its voltage is carried
out in a plurality of transition periods at a corresponding
rising edge, as shown in (a) of FIG. 18.

[0139] Pattern L has an advantage, as shown in (b) of FIG.
18, of being capable of making peak values of inrush currents
wholly smaller because both the first common electrode sig-
nal VC1 and the second common electrode signal VC2 have
smaller changes in electric current at their respective rising
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edges. This is lower than peak values of the current waveform
for the comparative circuit configuration in FIG. 13 (not
shown in (b) of FIG. 18).

[0140] The following description will discuss Embodiment
3 of a liquid crystal display device in accordance with the
present invention in reference to FIG. 19. For convenience,
the members of Embodiment 3 that have the same functions
as the members of either Embodiment 1 or 2 are indicated by
the respective same reference numerals and their respective
detailed descriptions are omitted.

[0141] A feature of Embodiment 3 resides in that timings of
polarity reversals of one of common electrode signals are
periodically or non-periodically (randomly) made to differ
from, or to coincide with, those of another common electrode
signal in successive horizontal scan periods. Another feature
of Embodiment 3 resides in that, according to each of Pattern
A through Pattern H of Embodiment 1 and Pattern I and
Pattern J of Embodiment 2, the timings of the polarity rever-
sals of the first common electrode signal VC1 are delayed
with respect to those of the second common electrode signal
VC2 in each line in accordance with one and the same Pattern.
In contrast, according to Embodiment 3, in a case where
timings of the polarity reversals of the first common electrode
signal VC1 are delayed with respect to those of the second
common electrode signal VC2, one of Pattern A through
Pattern J is selected (i) for each horizontal scan period or (ii)
every two or more horizontal scan periods.

[0142] FIG. 19 shows an example of Embodiment 3. (a) of
FIG. 19 is a timing chart of signals applied to a first common
electrode 11 and a second common electrode 12 over succes-
sive horizontal scan periods. (b) of F1G. 19 is a current wave-
form diagram corresponding to the timing chart.

[0143] FIG. 19 shows that timings of polarity reversals are
delayed in a certain horizontal scan period (n-th line) and in
subsequent horizontal scan periods. Note, however, that the
timings of polarity reversals are not necessarily delayed for
each line. Specifically, timings of polarity reversals are
delayed, in the respective n-th through (n+2)-th lines, in
accordance with one and the same Pattern, and a timing of
polarity reversal is delayed, in the (n+3)-th line, in accordance
with a different Pattern. The timings of polarity reversals can
be thus delayed, in a plurality of successive lines, in accor-
dance with one and the same Pattern.

[0144] In acase where the timings of polarity reversals are
delayed in this manner, timings at which changes occur in
electric current due to respective polarity reversals do not
periodically occur, by changing a pattern to be selected for
each line. This causes unnecessary radiation discharged by
the liquid crystal display device 1 (see FIG. 1) to be dispersed
over frequencies. As such, itis possible to reduce peak values
of the unnecessary radiation energy.

[0145] Note that the first common electrode signal VC1 and
the second common electrode signal VC2 can be simulta-
neously subjected to respective polarity reversals in some line
(see a rising edge of the (n+3)-th line in FIG. 19).

[0146] Also note that Embodiment 3 has so far described an
example configuration in which a pattern is selected for each
line (or every two or more successive line). Embodiment 3 is,
however, not limited to this. Alternatively, a pattern of timings
of polarity reversals can be selected for each frame (or every
two or more successive frames). This will be described below.
[0147] FIG. 20 shows alternative Example Configuration 3.
In this example, a pattern is selected from those which are
identical to Pattern A through Pattern G of Embodiment 1 for
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each frame. FIG. 20 shows that timings of polarity reversals
of the common electrode signals in an (m+1)-th frame are
different from those in an (m+2)-th frame. This another
example is, however, not necessarily limited to this (the
frames are not necessarily successive ones). Specifically, an
identical polarity reversal pattern can be followed over a
number of successive frames; for example, the timings of
polarity reversals can be delayed according to a given identi-
cal pattern in the m, (m+1)-th, and (m+2)-th frames and
according to a pattern which is different from the identical
pattern in the (m+3)-th frame.

[0148] FIG. 20 shows two patterns. This another example
is, however, not limited to such two patterns. Alternatively,
three or more different timing patterns can be combined. In
addition, the first common electrode signal VC1 and the sec-
ond common electrode signal VC2 can simultaneously be
subjected to respective polarity reversals in a certain frame.
[0149] In acase where the timings of polarity reversals are
delayed in this manner, timings at which changes occur in
electric current due to respective polarity reversals do not
periodically occur, by changing a pattern to be selected for
each frame. This causes unnecessary radiation discharged by
the liquid crystal display device 1 (see FIG. 1) to be dispersed
over frequencies. As such, it is possible to reduce peak values
of the unnecessary radiation energy.

[0150] The present invention is not limited to the embodi-
ments above, but can be altered in many ways by a skilled
person in the art within the scope of the claims. An embodi-
ment derived from a proper combination of technical means
disclosed in different embodiments is also encompassed in
the technical scope of the present invention. The embodi-
ments and concrete examples of implementation discussed in
the detailed description clarify the technical content of the
present invention, which should not be narrowly interpreted
within the limits of such embodiments and concrete
examples, but rather can be applied in many variations within
the spirit of the present invention, provided that such varia-
tions are not beyond the scope of the patent claims set forth
below.

(Recapitulation of Present Invention)

[0151] In view of the problems described above, it is an
object of the present invention to provide a liquid crystal
display device which exhibits a smaller transient inrush cur-
rent value when the COM signal (COM voltage) is subjected
to a polarity reversal.

[0152] In other words, a liquid crystal display device in
accordance with the present invention, to address the prob-
lems, includes: an active matrix substrate on which a plurality
of data signal lines and a plurality of scan signal lines which
intersect with the plurality of data signal lines are provided,
and a plurality of active elements and a plurality of pixel
electrodes are provided at respective intersections of the plu-
rality of data signal lines and the plurality of scan signal lines;
a counter substrate provided opposite the active matrix sub-
strate; a plurality of common electrodes provided on the
active matrix substrate or the counter substrate, each of the
plurality of common electrodes being made up of a first
common electrode and a second common electrode, each of
the plurality of pixel electrodes having (a) a region facing the
first common electrode and (b) a region facing the second
common electrode, the second common electrode being dif-
ferent from the first common electrode; a liquid crystal layer
provided between the active matrix substrate and the counter
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substrate; first common electrode voltage application means
for applying a first common electrode voltage to the first
common electrode; second common electrode voltage appli-
cation means for applying a second common electrode volt-
age to the second common electrode, the second common
electrode voltage being different from the first common elec-
trode voltage; and control means for controlling (i) the first
common electrode voltage application means to apply the
first common electrode voltage to the first common electrode
so that the first common electrode voltage is subjected to a
polarity reversal for each certain time period and (ii) the
second common electrode voltage application means to apply
the second common electrode voltage to the second common
electrode so that the second common electrode voltage is
subjected to a polarity reversal for each certain time period,
said control means carrying out control so that a time differ-
ence is secured, in a given time period, at least one of: (1)
between (a) a rising edge of a polarity reversal of a first
common electrode voltage and (b) a rising edge of a polarity
reversal of a second common electrode voltage, and (2)
between (c) a falling edge of a polarity reversal of the first
common electrode voltage and (d) a falling edge of a polarity
reversal of the second common electrode voltage, where the
rising edge of the polarity reversal indicates a time point at
which the first or second common electrode voltage starts to
rise from a first voltage to a second voltage which is larger
than the first voltage, and the falling edge of the polarity
reversal indicates a time point at which the first or second
common electrode voltage starts to fall from a third voltage to
a fourth voltage which is smaller than the third voltage.

[0153] According to the arrangement, a liquid crystal dis-
play device in accordance with the present invention can
provide a liquid crystal display device which exhibits a
smaller transient inrush current value when the COM signal
(COM voltage)is subjected to a polarity reversal. The follow-
ing description will discuss a case where the plurality of
common electrodes are provided on the counter substrate, as
an example.

[0154] First, the liquid crystal display device in accordance
with the present invention is arranged so that each pixel
electrode includes a region facing a first one of the plurality of
common electrodes across a liquid crystal layer and a region
facing a second one of the plurality of common electrodes
across the liquid crystal layer, the second common electrode
being different from the first common electrode and also that
different common electrode voltages are applied to the first
and second common electrodes. Accordingly, each pixel elec-
trode includes at least a first region facing the first common
electrode across the liquid crystal layer and a second region
facing the second common electrode across the liquid crystal
layer. When the liquid crystal display device is driven, the first
common electrode voltage is applied to the first common
electrode, and the second common electrode voltage is
applied to the second common electrode. Since the first and
second common electrode voltages have different voltage
values as early described, the voltage applied across theliquid
crystal layer in the first region, that is, the liquid crystal layer
interposed between the first region of the pixel electrode and
the first common electrode can be made to differ from the
voltage applied across the liquid crystal layer in the second
region, that is, the liquid crystal layer interposed between the
second region of the pixel electrode and the second common
electrode, or vice versa.
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[0155] Furthermore, the liquid crystal display device has
V-T characteristics that are in accordance with variable trans-
mittances of the pixel regions averaged over the entire pixel.
Display quality is hence improved for intermediate grayscale
levels when the display screen of the liquid crystal display
device is viewed from an oblique angle. In other words, the
liquid crystal display device has improved viewing angle
characteristics.

[0156] Viewing angle is increased in a case where the
amplitude of either the first common electrode voltage
(COM1) applied to the first common electrode or the second
common electrode voltage (COM?2) applied to the second
common electrode is increased in excess of the amplitude of
the conventional common electrode voltage (COM). This
arrangement however also leads to a problem of increased
inrush current occurring in reversing the COM signal. For
example, the COM amplitude is 5 Vpp in a conventional
arrangement (1), whereas in an arrangement (2) which
includes COM1 and COM2, the COM1 amplitude is 4 Vpp,
and the COM2 amplitude is 8.5 Vpp. The electric current
needed to reverse the COM signal is given by the following
equation:

Electric Current=fxCx Vpp,

where f is a reversal frequency, C is a liquid crystal capaci-
tance, and Vpp is a COM amplitude. Hence,

Electric Current Needed for Arrangement(1)=fxCx
3=5fC

Electric Current Needed for Arrangement(2)=fx(C/2ix
44/%(C/2)x8.5=6.25fC

These results show that the electric current needed in revers-
ing the COM signal is greater in the arrangement (2). In
addition, to prepare for the generation of this inconvenient
inrush current, the system end needs to have a current sup-
plying capability that is sufficient in view of the value of the
inrush current to prevent a flow of inrush current from shut-
ting down the power supply. In other words, costly compo-
nents have to be used in designing a system-end power supply
to prepare for the inrush current. According to the present
invention, however, there is provided control means for con-
trolling to provide, upon at least either rising or falling edges
of polarity reversals of the first and second common electrode
voltages in a given horizontal scan period, a time difference
between the timing at which the first common electrode volt-
age is subjected to a polarity reversal and the timing at which
the second common electrode voltage is subjected to a polar-
ity reversal. Accordingly, not all the first and second common
electrode voltages are subjected to a polarity reversal at once;
the voltages are reversed at different timings. This time dif-
ference disperses the peaks (instantaneous values) of a cut-
rent waveform along the time axis and prevents the peaks
from being concentrated at any point in time.

[0157] Thus, ina liquidcrystal display device, having wide
viewing angle characteristics, in which a plurality of subpix-
els are formed by providing a plurality of common electrodes
to face pixel electrodes, it is possible to suppress increases in
the electric current needed in polarity reversal of the common
electrode voltages.

[0158] In addition, this arrangement of the present inven-
tion allows generation of inconvenient inrush current to be
held down in this manner, and therefore eliminates the need to
use costly components in designing a system-end power sup-

ply.
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[0159] 1Inother words, it is possible to provide, at low cost,
a liquid crystal display device, having wide viewing angle
characteristics, which achieves low power consumption by
restraining generation of inconvenient inrush current.

[0160] Therefore, according to the arrangement of the
present invention, it is possible to realize wide viewing angle
characteristics and also to lower the transient inrush current
value (peak value) which is a problem that occurs in a con-
ventional arrangement when the common electrode voltage is
subjected to a polarity reversal.

[0161] Note that a polarity is a term that describes, in a
relative manner, the relationship between the electric poten-
tial of a common electrode and the electric potential of a
source in a period in which a voltage is applied to a pixel
electrode. The state in which the source potential level is
relatively high as compared with the electric potential of the
common electrode is described as being positive, whereas the
state in which the source potential level is relatively low as
compared with the electric potential of the common electrode
is described as being negative.

[0162] In addition, in the liquid crystal display device in
accordance with the present invention, the control means can
be arranged, in a manner opposite to the case above, to the
time difference is secured by the control of said control means
so that the polarity reversal of the first common electrode
voltage is delayed with respect to the polarity reversal of the
second common electrode voltage in a case where the first
common electrode voltage has an amplitude which is smaller
than that of the second common electrode voltage.

[0163] According the arrangement, in the liquid crystal
display device in accordance with the present invention can
delay the timing of the polarity reversal of the first common
electrode voltage to disperse the peaks (instantaneous values)
of a current waveform along the time axis.

[0164] Supposing that the common electrodes are driven
with equal ability, the common electrode voltage with a
smaller amplitude completes its polarity reversal (voltage
change) more quickly. Therefore, delaying the timing at
which the common electrode voltage with a smaller ampli-
tude starts to rise enables both the common electrode voltages
to complete rising at roughly the same time. In other words,
the times in which a predetermined voltage is applied from
the common electrodes to the first and second regions can be
made equal to each other.

[0165] Furthermore, the liquid crystal display device in
accordance with the present invention is preferably arranged,
in addition to the above arrangement, so that the first common
electrode voltage has an amplitude which is smaller than that
of the second common electrode voltage; and the time differ-
ence is secured by the control of said control means so that the
polarity reversal of the second common electrode voltage is
delayed with respect to the polarity reversal of the first com-
mon electrode voltage.

[0166] According to the arrangement, the liquid crystal
display device in accordance with the present invention can
delay the timing of the polarity reversal of the second com-
mon electrode voltage to disperse the peaks (instantaneous
values) of a current waveform along the time axis.

[0167] Furthermore, the liquid crystal display device in
accordance with the present invention is preferably arranged,
in addition to the above arrangement, so that the control
means carries out the control so that the time difference is
secured with respect to both of the (1) and (2); and the time
differences are secured by the control of said control means so
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that (i) the polarity reversal of the first common electrode
voltage is delayed with respect to the polarity reversal of the
second common electrode voltage at the rising edge of the
polarity reversal and (ii) the polarity reversal of the second
common electrode voltage is delayed with respect to the
polarity reversal of the first common electrode voltage at the
falling edge of the polarity reversal.

[0168] The arrangement enables the peaks (instantaneous
values) of a current waveform to be dispersed along the time
axis as early described.

[0169] Especially, since the reversal cycles of individual
COMI1 and COM2 at the rising edge differ from those at the
falling edge, the peak values of electric current in terms of
frequency band can be lowered. Therefore, EMI can be more
effectively restrained than the aforementioned aspect in
which the reversal cycles of individual COM1 and COM2 at
the rising edge are equal to those at the falling edge.

[0170] However, unlike the above arrangement, the control
means can be arranged to carry out the control so that the time
difference is secured with respect to both of the (1) and (2);
and the time differences are secured by the control of said
control means so that (i) the polarity reversal of the second
common electrode voltage is delayed with respect to the
polarity reversal of the first common electrode voltage at the
rising edge of the polarity reversal and (ii) the polarity rever-
sal of the first common electrode voltage is delayed with
respect to the polarity reversal of the second common elec-
trode voltage at the falling edge of the polarity reversal.

[0171] In addition, in place of the above arrangement, the
control means carties out the control so that the time differ-
ence is secured merely with respect to the (1); the time dif-
ference is secured by the control of said control means so that
the polarity reversal of the first common electrode voltage is
delayed with respect to the polarity reversal of the second
common electrode voltage; and the first common electrode
voltage and the second common electrode voltage are simul-
taneously subjected to respective polarity reversals at the
falling edge of the polarity reversal.

[0172] As afurther aspect, the control means carries outthe
control so that the time difference is secured merely with
respect to the (1); delay the polarity reversal of the second
common electrode is delayed voltage with respect to the
polarity reversal of the first common electrode voltage; and
the first common electrode voltage and the second common
electrode voltage are simultaneously subjected to respective
polarity reversals at the falling edge of the polarity reversal.

[0173] As yet another aspect, in addition to the above
arrangement, the control means carries out the control so that
the time difference is secured merely with respect to the (2);
delay the polarity reversal of the first common electrode volt-
age is delayed with respect to the polarity reversal of the
second common electrode voltage at the falling edge of the
polarity reversal; and the first common electrode voltage and
the second common electrode voltage are simultaneously
subjected to respective polarity reversals at the rising edge of
the polarity reversal.

[0174] As another aspect, in addition to the above arrange-
ment, the control means carries out the control so that the time
difference is secured merely with respect to the (2); delay the
polarity reversal of the second common electrode voltage is
delayed with respect to the polarity reversal of the first com-
mon electrode voltage at the falling edge of the polarity
reversal; and the first common electrode voltage and the sec-
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ond common electrode voltage are simultaneously subjected
to respective polarity reversals at the rising edge of the polar-
ity reversal.

[0175] Theliquid crystal display device in accordance with
the presentinvention can be such that, in addition to the above
arrangement, the control means secures the time difference in
response to a predetermined timing signal.

[0176] Especially, by using a timing signal (e.g., a clock
signal (detailed later)) used in producing an image display as
the predetermined timing signal, no separate clock signal
needs to be provided to adjust the timing of the polarity
reversal, and an existing circuit configuration can be used.
The liquid crystal display device in accordance with the
present invention can be realized without requiring a complex
circuit configuration.

[0177] In addition, specifically, the liquid crystal display
device in accordance with the present invention is preferably
such that the timing signal is a clock signal which is outputted
from an oscillator provided in the display device.

[0178] According to the arrangement, an existing circuit
configuration can be used. The liquid crystal display device in
accordance with the present invention can be realized without
requiring a complex circuit configuration.

[0179] In addition, in place of the above arrangement, the
liquid crystal display device in accordance with the present
invention can be such that the timing signal is a clock signal
which is supplied from an external device of the display
device.

[0180] According to the arrangement, an existing circuit
configuration can be used. The liquid crystal display device in
accordance with the present invention can be realized without
requiring a complex circuit configuration.

[0181] Furthermore, the liquid crystal display device in
accordance with the present invention is preferably such that,
in addition to the above arrangement, the time difference is
equal to an integral multiple of halfa cycle of the clock signal.
[0182] As early described, the liquid crystal display device
in accordance with the present invention can be realized, with
the use of a simple circuit configuration, in a case where a
reversal timing is delayed by an integral multiple of half a
cycle of the clock signal.

[0183] Furthermore, the liquid crystal display device in
accordance with the present invention is preferably such that,
in addition to the above arrangement, the time difference is
equal to a delay time occurred when the clock signal has
passed through a plurality of cascade-connected inverters or
buffer circuits provided in the display device.

[0184] According to the above arrangement, an arrange-
ment which delays a reversal timing can also be realized, with
the use of a simple circuit configuration.

[0185] Furthermore, the liquid crystal display device in
accordance with the present invention is preferably such that,
in addition to the above arrangement, the time difference is
not longer than a time period obtained by subtracting, from
the given time period, a time period during which a voltage is
applied to a gate electrode provided in the active element.
[0186] Should a writing (charging) period for a pixel over-
lap a reversing period for a common electrode voltage, charg-
ing can be insufficient. The specification of the time differ-
ence as above prevents the writing (charging) period for the
pixel from overlapping the reversing period for the common
electrode voltage, thereby preventing insufficient charging.
[0187] Furthermore, the liquid crystal display device in
accordance with the present invention is preferably such that,
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in addition to the above arrangement, the control means con-
trols in relation to a transition of the second common elec-
trode voltage so that a transition period from a potential level
immediately before the polarity reversal to a potential level
upon completion of the polarity reversal is divided into a
plurality of transition periods.
[0188] Furthermore, the liquid crystal display device in
accordance with the present invention is preferably such that,
in addition to the above arrangement, the control means con-
trols so that the second common electrode voltage is equal to
apotential level which the first common electrode voltage has
immediately before the polarity reversal, in at least one of the
plurality of transition periods, excluding a starting and an
ending one of the plurality of transition periods.
[0189] In addition, the liquid crystal display device in
accordance with the present invention, is preferably such that,
in addition to the above arrangement, the control means con-
trols so that each of the plurality of transition periods occurs
at a timing which is different from a timing at which the first
common electrode voltage undergoes the polarity reversal
from a potential level immediately before the polarity reversal
to a potential level upon completion of the polarity reversal.
[0190] Furthermore, the liquid crystal display device in
accordance with the present invention is preferably such that,
in addition to the above arrangement, the control means con-
trols in relation to a transition of each of the first common
electrode voltage and the second common electrode voltage
so that a transition period from a potential level immediately
before the polarity reversal to a potential level upon comple-
tion of the polarity reversal is divided into a plurality of
transition periods.
[0191] Furthermore, the liquid crystal display device in
accordance with the present invention is preferably such that,
in addition to the above arrangement, the control means
includes switching means for switching, in the given time
period, between the (1), the (2), and both the (1) and (2).
[0192] Since the reversal cycles of individual COM1 and
COM2 at the rising edge differ from those at the falling edge,
the peak values of electric current in terms of frequency band
can be lowered. Therefore, EMI can be more effectively
restrained than the aforementioned aspect in which the rever-
sal cycles of individual COM1 and COM2 at the rising edge
are equal to those at the falling edge.
[0193] Furthermore, the liquid crystal display device in
accordance with the present invention preferably, in addition
to the above arrangement, is such that its operation mode is a
VA mode.
[0194] According to the arrangement, wide viewing angle
characteristics can be achieved.
[0195] Furthermore, the liquid crystal display device in
accordance with the present invention can be such that, in
addition to the above arrangement, the given time period is
equal to an integral multiple of a horizontal scan period.
[0196] Furthermore, in place of the above arrangement, the
given time period can be a blanking period of a vertical scan
period.
[0197] The present invention is suitably applicable to vari-
ous apparatus incorporating a liquid crystal display device in
adisplay section, such as television sets and mobile terminals.
1. A liquid crystal display device, comprising:
an active matrix substrate on which a plurality of data
signal lines and a plurality of scan signal lines which
intersect with the plurality of data signal lines are pro-
vided, and a plurality of active elements and a plurality
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of pixel electrodes are provided at respective intersec-
tions of the plurality of data signal lines and the plurality
of scan signal lines;

a counter substrate provided opposite the active matrix
substrate;

a plurality of common electrodes provided on the active
matrix substrate or the counter substrate, each of the
plurality of common electrodes being made up of a first
common electrode and a second common electrode,
each of the plurality of pixel electrodes having (a) a
region facing the first common electrode and (b) aregion
facing the second common electrode, the second com-
mon electrode being different from the first common
electrode;

a liquid crystal layer provided between the active matrix
substrate and the counter substrate;

first common electrode voltage application means for
applying a first common electrode voltage to the first
common electrode;

second common electrode voltage application means for
applying a second common electrode voltage to the sec-
ond common electrode, the second common electrode
voltage being different from the first common electrode
voltage; and

control means for controlling (i) the first common elec-
trode voltage application means to apply the first com-
mon electrode voltage to the first common electrode so
that the first common electrode voltage is subjected to a
polarity reversal for each certain time period and (ii) the
second common electrode voltage application means to
apply the second common electrode voltage to the sec-
ond common electrode so that the second common elec-
trode voltage is subjected to a polarity reversal for each
certain time period,

said control means carrying out control so that a time
difference is secured, in a given time period, at least one
of:

(1) between (a) a rising edge of a polarity reversal of a first
common electrode voltage and (b) a rising edge of a
polarity reversal of a second common electrode voltage,
and

(2) between (c) a falling edge of a polarity reversal of the
first common electrode voltage and (d) a falling edge of
apolarity reversal of the second common electrode volt-
age,

where the rising edge of the polarity reversal indicates a
time point at which the first or second common electrode
voltage starts to rise from a first voltage to a second
voltage which is larger than the first voltage, and the
falling edge of the polarity reversal indicates a time point
at which the first or second common electrode voltage
starts to fall from a third voltage to a fourth voltage
which is smaller than the third voltage.

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

wherein:

the first common electrode voltage has an amplitude which
is smaller than that of the second common electrode
voltage; and

the time difference is secured by the control of said control
means so that the polarity reversal of the first common
electrode voltage is delayed with respect to the polarity
reversal of the second common electrode voltage.

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

wherein:
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the first common electrode voltage has an amplitude which
is smaller than that of the second common electrode
voltage; and
the time difference is secured by the control of said control
means so that the polarity reversal of the second com-
mon electrode voltage is delayed with respect to the
polarity reversal of the first common electrode voltage.
4. The liquid crystal display device as set forth in claim 1,
wherein:
said control means carries out the control so that the time
difference is secured with respect to both of the (1) and
(2); and
the time differences are secured by the control of said
control means so that (i) the polarity reversal of the first
common electrode voltage is delayed with respect to the
polarity reversal of the second common electrode volt-
age at the rising edge of the polarity reversal and (ii) the
polarity reversal of the second common electrode volt-
age is delayed with respect to the polarity reversal of the
first common electrode voltage at the falling edge of the
polarity reversal.
5. The liquid crystal display device as set forth in claim 1,
wherein:
said control means carries out the control so that the time
difference is secured with respect to both of the (1) and
(2); and
the time differences are secured by the control of said
control means so that (i) the polarity reversal of the
second common electrode voltage is delayed with
respect to the polarity reversal of the first common elec-
trode voltage at the rising edge of the polarity reversal
and (ii) the polarity reversal of the first common elec-
trode voltage is delayed with respect to the polarity
reversal of the second common electrode voltage at the
falling edge of the polarity reversal.
6. The liquid crystal display device as set forth in claim 1,
wherein:
said control means carries out the control so that the time
difference is secured merely with respect to the (1);
the time difference is secured by the control of said control
means so that the polarity reversal of the first common
electrode voltage is delayed with respect to the polarity
reversal of the second common electrode voltage; and
the first common electrode voltage and the second com-
mon electrode voltage are simultaneously subjected to
respective polarity reversals at the falling edge of the
polarity reversal.
7. The liquid crystal display device as set forth in claim 1,
wherein
said control means carries out the control so that the time
difference is secured merely with respect to the (1);
the time difference is secured by the control of said control
means so that the polarity reversal of the second com-
mon electrode voltage is delayed with respect to the
polarity reversal of the first common electrode voltage;
and
the first common electrode voltage and the second com-
mon electrode voltage are simultaneously subjected to
respective polarity reversals at the falling edge of the
polarity reversal.
8. The liquid crystal display device as set forth in claim 1,
wherein:
said control means carries out the control so that the time
difference is secured merely with respect to the (2);
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the time difference is secured by the control of said control
means so that the polarity reversal of the first common
electrode voltage is delayed with respect to the polarity
reversal of the second common electrode voltage at the
falling edge of the polarity reversal; and
the first common electrode voltage and the second com-
mon electrode voltage are simultaneously subjected to
respective polarity reversals at the rising edge of the
polarity reversal.
9. The liquid crystal display device as set forth in claim 1,
wherein:
said control means carries out the control so that the time
difference is secured merely with respect to the (2);
the time difference is secured by the control of said control
means so that the polarity reversal of the second com-
mon electrode voltage is delayed with respect to the
polarity reversal of the first common electrode voltage at
the falling edge of the polarity reversal; and
the first common electrode voltage and the second com-
mon electrode voltage are simultaneously subjected to
respective polarity reversals at the rising edge of the
polarity reversal.
10. The liquid crystal display device as set forth in claim 1,
wherein
said control means secures the time difference in response
to a predetermined timing signal.
11. The liquid crystal display device as set forth in claim
10, wherein
the timing signal is a clock signal which is outputted from
an oscillator provided in the display device.
12. The liquid crystal display device as set forth in claim
10, wherein
the timing signal is a clock signal which is supplied from an
external device of the display device.
13. The liquid crystal display device as set forth in claim
11, wherein
the time difference is equal to an integral multiple of halfa
cycle of the clock signal.
14. The liquid crystal display device as set forth in claim
11, wherein
the time difference is equal to a delay time occurred when
the clock signal has passed through a plurality of cas-
cade-connected inverters or buffer circuits provided in
the display device.
15. The liquid crystal display device as set forth in claim 1,
wherein
the time difference is not longer than a time period obtained
by subtracting, from the given time period, a time period
during which a voltage is applied to a gate electrode
provided in the active element.

Dec. 20,2012

16. The liquid crystal display device as set forth in claim 2,
wherein
the control means controls in relation to a transition of the
second common electrode voltage so that a transition
period from a potential level immediately before the
polarity reversal to a potential level upon completion of
the polarity reversal is divided into a plurality of transi-
tion periods.
17. The liquid crystal display device as set forth in claim
16, wherein
the control means controls so that the second common
electrode voltage is equal to a potential level which the
first common electrode voltage has immediately before
the polarity reversal, in at least one of the plurality of
transition periods, excluding a starting and an ending
one of the plurality of transition periods.
18. The liquid crystal display device as set forth in claim
16, whetrein
the control means controls so that each of the plurality of
transition periods occurs at a timing which is different
from a timing at which the first common electrode volt-
ageundergoes thepolarity reversal from a potential level
immediately before the polarity reversal to a potential
level upon completion of the polarity reversal.
19. The liquid crystal display device as set forth in claim 2,
wherein
the control means controls in relation to a transition of each
of the first common electrode voltage and the second
common electrode voltage so that a transition period
from a potential level immediately before the polarity
reversal to a potential level upon completion of the
polarity reversal is divided into a plurality of transition
periods.
20. The liquid crystal display device as set forth in claim 1,
wherein
the control means includes switching means for switching,
in the given time period, between the (1), the (2), and
both the (1) and (2).
21. The liquid crystal display device as set forth in claim 1,
wherein its operation mode is a VA mode.
22. The liquid crystal display device as set forth in claim 1,
wherein
the given time period is equal to an integral multiple of a
horizontal scan period.
23. The liquid crystal display device as set forth in claim 1,
wherein
the given time period is a blanking period of a vertical scan
period.
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