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(57) The present invention provides a liquid crystal
display device in which auxiliary capacitance lines are
driven, thereby allowing the range of drive voltage to be
kept narrow while increasing the difference between the
maximum and minimum absolute values of voltage to be
applied to liquid crystal, and in the present liquid crystal
display device, the voltage ranges for an auxiliary capac-
itance line drive signal Cs(n), a video signal S(m), and a
common potential Vcom are equally maintained as low
as from OV to 4V, while inverting the common potential
Vcom every scanning period and causing the potential
of the auxiliary capacitance line drive signal Cs(n) to rise
in the same direction as the common potential Vcom at
the time of the fall of the scanning signal G(n) such that
the potential is maintained until the next frame. With this
configuration, it is possible to set the maximum absolute
value of the voltage applied to the liquid crystal at about
5V, which corresponds to an effective value of the applied
voltage, while setting the minimum value at about 1.5V,
which is also an effective value of the applied voltage,
thereby increasing the difference between the maximum
and minimum values.
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Description
TECHNICAL FIELD

[0001] The present invention relates to active-matrix
liquid crystal display devices using switching elements,
such as thin-film transistors, and methods for driving the
same, more particularly to a liquid crystal display device
and a drive method thereof, in which auxiliary capaci-
tance lines are driven by changing voltage applied there-
to.

BACKGROUND ART

[0002] In general, a conventional active-matrix liquid
crystal display device includes a display portion provided
with a plurality (N) of scanning signal lines GL(1) to GL
(N), a plurality (M) of video signal lines SL(1) to SL (M)
crossing the scanning signal lines, and a plurality (MX N)
of pixel formation portions P(1,1) to P(N,M) arranged in
a matrix in accordance with intersections of the scanning
signal lines and the video signal lines, each pixel forma-
tion portion including a liquid crystal capacitance (also
referred to as a "pixel capacitance") Clc formed by a pixel
electrode and an electrode (also referred to as a "com-
mon electrode") opposing the pixel electrode, as shown
in FIG. 2 to be described later. Each pixel electrode is
provided between two video signal lines SL (m) and SL
(m+1), and connected to the video signal line SL (m) via
a TFT 10.

[0003] Also, in the liquid crystal display device, a plu-
rality (N) of auxiliary capacitance lines CsL(n) are formed
in parallel to the scanning signal lines GL(n), as shown
in FIG. 1to be described later, and in each pixel formation
portion P(n,m), an auxiliary capacitance Ccs is formed
between the pixel electrode and the auxiliary capacitance
line CsL(n).

[0004] In each pixel formation portion P(n,m) of the
active-matrix liquid crystal display device as described
above, when the TFT 10 connected to the pixel electrode
is brought into ON state (conductive state), voltage from
the video signal line SL(m) is applied via the TFT 10, and
when the TFT 10 is brought into OFF state (non-conduc-
tive state), the applied voltage is retained in the liquid
crystal capacitance Clc (and an auxiliary capacitance
Ccs), so that pixel display is achieved in accordance with
the retained voltage (n=1,2, ..., N,m=1,2, ..., M).
[0005] Here, in this conventional liquid crystal display
device, after the TFT 10 is brought into OFF state, the
voltage applied to the auxiliary capacitance line CsL(N)
is changed, thereby changing the potential of the pixel
electrode conforming to the common electrode (to which
constant voltage Vcom is applied). Such a potential
change will be described in detail with reference to FIGS.
6and 7.

[0006] FIG. 6 provides waveform charts of various sig-
nals for providing a white display in a conventional liquid
crystal display device, and FIG. 7 provides waveform
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charts of various signals for providing a black display in
the conventional liquid crystal display device. A video
signal S(m) shown in FIGS. 6 and 7, which is a voltage
signal applied to the video signal line SL(m), has in reality
a predetermined voltage value in accordance with a pixel
luminance from OV to 4V, but for ease of explanation, the
video signal S(m) is shown in FIG. 6 to have a voltage
value corresponding to the white display (maximum lu-
minance), and in FIG. 7 to have a voltage value corre-
sponding to the black display (minimum luminance). Note
that by setting the lowest voltage of the video signal S
(m) to 0V, it becomes possible to simplify the configura-
tion of the power supply circuit, thereby minimizing power
consumption as a whole.

[0007] Here, when the potential Vcom of the common
electrode is fixed because alternating current drive is re-
quired for preventing a liquid crystal layer from experi-
encing time degradation, the common potential Vcom is
often set at a midpoint voltage (in the variation width) of
the video signal. By doing so, the potential of the pixel
electrode conforming to the potential of the common elec-
trode can alternate. In this case also, the common po-
tential Vcom is set at 2V.

[0008] However, in the case of normally black liquid
crystal display devices, the applied voltage is typically
required to be at least about 4V in order to maximize the
transmittance of the liquid crystal layer. Therefore, with-
out any modification, the above configuration is not ap-
propriate because the voltage applied to the liquid crystal
varies in the range of =2V. Note that in the case of nor-
mally white TN mode liquid crystal display devices also,
as the voltage applied to the liquid crystal increases,
black is displayedmore deeply, resulting in enhanced
contrast, and therefore the applied voltage in the range
of =2V is not appropriate.

[0009] Accordingly, in the conventional liquid crystal
display device, the potential of the pixel electrode is
changed by driving the auxiliary capacitance line CsL(n).
Specifically, as is apparent from the relationship of con-
nections shown in FIG. 2 to be described later, the po-
tential of the pixel electrode Epix, when conforming to
the common electrode Ecom, changes in accordance
with the ratio of the auxiliary capacitance to the sum of
the liquid crystal capacitance value Clc and the auxiliary
capacitance value Ccs, as the potential of the auxiliary
capacitance line CsL(n) changes. For example, in the
case of the white display shown in FIG. 6, when the po-
tential of a signal supplied to the auxiliary capacitance
line (hereinafter, the signal being referred to as the "aux-
iliary capacitance line drive signal") Cs(n) is changed by
4V, the potential of the pixel electrode Epix is changed
by 2V where the liquid crystal capacitance value Clc : the
auxiliary capacitance value Ccs = 1: 1, i.e., Ccs / (Ccs
+ Clc) = 0.5.

[0010] Accordingly, as shown in FIG. 6, the pixel elec-
trode potential of the pixel formation portion P(n,m) is
maintained at 4V when the scanning signal G (n) transi-
tions from active state (where the TFT 10 is turned ON)
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to non-active state, and thereafter it rises by 2V to 6V
due to the aforementioned potential change of the aux-
iliary capacitance line drive signal Cs(n). Since the com-
mon potential Vcomis 2V, the voltage applied to the liquid
crystal layer at this time is 4V. Note that any potential
change due to parasitic capacitance on the scanning sig-
nal line is not taken into account here.

[0011] Such a potential change occurs when pixel dis-
play is achieved with the white display (maximum lumi-
nance), but in the case of pixel display with the black
display (minimum luminance), the potential change oc-
curs in a different amount although in a similar manner.
While liquid crystals in general have dielectric anisotropy,
it is known that in the case of liquid crystals used for
normally black liquid crystal display devices, the dielectric
constant for the white display is higher than that for the
black display, so that the liquid crystal capacitance value
Clc for the white display is higher. Concretely, in the case
of the aforementioned liquid crystal with Ccs / (Ccs + Clc)
= 0.5 for the white display, for example, Ccs/ (Ccs + Clc)
= 0.75 for the black display.

[0012] Therefore, the pixel electrode potential of the
pixel formation portion P(n,m) providing the black display
is maintained at OV when the scanning signal G(n) is
brought into non-active state, as shown in FIG. 7, and
thereafter rises by 3V, to 3V due to the aforementioned
potential change (4V) of the auxiliary capacitance line
drive signal Cs(n). Since the common potential Vcom is
2V, the voltage applied to the liquid crystal layer at this
time is 1V. This voltage value is less than a liquid crystal
threshold voltage value (typically, approximately 1.5V)
atwhich liquid crystal molecules are driven, and therefore
the optical transmittance of the liquid crystal layer be-
comes 0, which is suitable for the black display. The fore-
going operation is the same for the pixel electrode po-
tential of the pixel formation portion P(n+1,m) in the next
row with an inverted polarity and for the pixel formation
portion P(n,m) in the next frame. Such a liquid crystal
display device in which auxiliary capacitance lines are
driven with a fixed common potential Vcom is disclosed
in, for example, Japanese Laid-Open Patent Publication
No. 2001-83943. Hereinafter, such a conventional art ex-
ample is referred to as the "first conventional art exam-
ple".

[0013] Also, there is a conventional liquid crystal dis-
play device in which the common electrode Ecom is driv-
en every scanning period, thereby changing the common
potential Vcom so as to have a potential (e.g., OV or 4V)
opposite in polarity to the video signal S(m). With this
conventional configuration, it is possible to apply voltage
to the liquid crystal within the range of =4V.

[0014] Note that in the above conventional configura-
tion, it is not always necessary to drive the auxiliary ca-
pacitance line, and there is a conventional liquid crystal
display device in which the auxiliary capacitance line is
driven every scanning period in the same phase as the
common electrode. With this conventional configuration,
it is possible to drive the auxiliary capacitance line at a
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proper potential, thereby suppressing flicker, image
memory phenomenon, etc. Such a conventional liquid
crystal display device is disclosed in, for example, Jap-
anese Laid-Open Patent Publication No. 2-913. Herein-
after, such a conventional art example is referred to as
the "second conventional art example".

[Patent Document 1] Japanese Laid-Open Patent
Publication No. 2001-83943

[Patent Document 2] Japanese Laid-Open Patent
Publication No. 2-913

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0015] In the first conventional art example, the abso-
lute value of the voltage applied to the liquid crystal is
maximized to 4V at the time of the white display, and
minimized to 1V at the time of the black display, but in
the case of normally-black liquid crystal display devices,
an applied voltage of approximately 5V is typically re-
quired for achieving 100% transmittance of the liquid
crystal layer, as described above, and therefore, the
aforementioned conventional liquid crystal display de-
vice has a problem where the maximum absolute value
of the voltage applied to the liquid crystal is about 1V
lower.

[0016] Therefore, in the first conventional art example,
in order to increase the maximum value, it is conceivable
toincrease the maximum potential (i.e., signal amplitude)
of the auxiliary capacitance line drive signal Cs(n). Here,
by setting the maximum value to 6V, the maximum ab-
solute value of the voltage applied to the liquid crystal
can be 5V. However, this configuration results in in-
creased production cost for the auxiliary capacitance line
driver circuit, and furthermore, the minimum absolute val-
ue of the voltage applied to the liquid crystal becomes
2.5V, which is significantly larger than the liquid crystal
threshold voltage value (typically approximately 1.5V) for
the black display. Accordingly, in the case of the black
display also, the display is provided with low luminance,
resulting in reduced contrast, hence reduced display per-
formance of the display device. In this manner, as the
maximum absolute value of the voltage applied to the
liquid crystal increases, the minimum absolute value of
the voltage applied to the liquid crystal further increases,
so that the difference between the maximum and mini-
mum absolute values (i.e., "dynamic range") decreases,
making it impossible to change the optical transmittance
of the liquid crystal in the range from 0% to 100%.
[0017] Note that it is also conceivable to increase the
auxiliary capacitance value in order to increase the max-
imum value, but as the auxiliary capacitance value in-
creases, the pixel aperture ratio decreases, resulting in
reduced display performance of the display device as
well.

[0018] Also, in the second conventional art example,
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by driving the common electrode and auxiliary capaci-
tance line in the range from 0V to 5V, it becomes possible
to set the maximum absolute value of the voltage applied
tothe liquid crystal at 5V. However, the range (amplitude)
of drive voltage for driver circuits for driving the common
electrode and the auxiliary capacitance line is preferably
as narrow as possible from the viewpoint of simplification
of its voltage withstanding design, reduction of power
consumption, and so on.

[0019] Therefore, an objective of the presentinvention
is to provide a liquid crystal display device in which aux-
iliary capacitance lines are driven such that the range of
drive voltage is kept narrow while increasing the differ-
ence between the maximum and minimum absolute val-
ues of voltage to be applied to liquid crystal.

SOLUTION TO THE PROBLEMS

[0020] Afirstaspectofthe presentinvention is directed
to an active-matrix liquid crystal display device, compris-
ing:

a video signal line driver circuit for driving a plurality
of video signal lines transmitting a plurality of video
signals corresponding to image signals externally
provided for displaying a predetermined image;

a scanning signal line driver circuit for driving a plu-
rality of scanning signal lines crossing the video sig-
nal lines;

an auxiliary capacitance line driver circuit for driving
a plurality of auxiliary capacitance lines arranged
along their corresponding scanning signal lines;

a plurality of pixel formation portions arranged in a
matrix along the video signal lines and the scanning
signal lines; and

a common electrode driver circuit for driving a com-
mon electrode supplying a common potential to the
pixel formation portions, wherein,

each of the pixel formation portions includes a pixel
electrode connected to a corresponding one of the
video signal lines, the pixel electrode having a pre-
determined auxiliary capacitance formed between
the pixel electrode and its corresponding auxiliary
capacitance line and also having a liquid crystal in-
terposed between the pixel electrode and the com-
mon electrode,

the common electrode driver circuit alternatingly ap-
plies a first predetermined potential and a second
predetermined potential greater than the first prede-
termined potential to the common electrode each
time one of the scanning signal lines is selectively
driven by the scanning signal line driver circuit or at
each interval between more than one scanning sig-
nalline being driven by the scanning signal line driver
circuit, and

the auxiliary capacitance line driver circuit drives the
auxiliary capacitance lines by applying a third pre-
determined potential or a fourth predetermined po-
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tential greater than the third predetermined potential
at or after a first time point subsequent to selection
of a corresponding scanning signal line by the scan-
ning signal line driver circuit, the corresponding
scanning signal line transitioning at the first time
point from a selected state to a deselected state,
such that the applied potential is changed in the
same direction as a direction in which the potential
of the common electrode is changed at or immedi-
ately after the first time point, the applied potential
being maintained for a predetermined period until a
second time point subsequent to the next selection
of the corresponding scanning signal line or until a
time point before and close to the second time point,
the corresponding scanning signal line transitioning
at the second time point from a selected state to a
deselected state.

[0021] In a second aspect of the present invention,
based on the first aspect of the invention, at least two of
a fifth potential, which is a minimum value of the video
signal, the firstpotential, and the third potential are ap-
proximately equal.

[0022] In athird aspect of the presentinvention, based
on the second aspect of the invention, at least two of the
fifth potential, which is the minimum value of the video
signal, the first potential, and the third potential are 0OV
or values close to 0V.

[0023] In a fourth aspect of the present invention,
based on the first aspect of the invention, at least two of
a sixth potential, which is a maximum value of the video
signal, the second potential, and the fourth potential are
approximately equal.

[0024] In afifth aspect of the present invention, based
on the fourth aspect of the invention, at least two of the
sixth potential, which is the maximum value of the video
signal, the second potential, and the fourth potential are
values lower than an absolute value of a minimum applied
voltage allowing the liquid crystal to have an optical trans-
mittance close to 100%.

[0025] Inasixth aspect of the presentinvention, based
on the fifth aspect of the invention, at least two of the
sixth potential, which is the maximum value of the video
signal, the second potential, and the fourth potential are
4V or values close to 4V.

[0026] A seventh aspect of the present invention is di-
rected to a method for driving a liquid crystal display de-
vice including a plurality of video signal lines transmitting
a plurality of video signals corresponding to image sig-
nals externally provided for displaying a predetermined
image, a plurality of scanning signal lines crossing the
video signal lines, a plurality of auxiliary capacitance lines
arranged along their corresponding scanning signal
lines, a common electrode supplying a common poten-
tial, and a plurality of pixel formation portions arranged
in a matrix along the video signal lines and the scanning
signal lines, each of the pixel formation portions including
a pixel electrode connected to a corresponding one of
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the video signal lines, the pixel electrode having a pre-
determined auxiliary capacitance formed between the
pixel electrode and its corresponding auxiliary capaci-
tance line and also having a liquid crystal interposed be-
tween the pixel electrode and the common electrode, the
method comprising:

a video signal line drive step for driving the video
signal lines;

a scanning signal line drive step for driving the scan-
ning signal lines;

an auxiliary capacitance line drive step for driving
the auxiliary capacitance lines; and

a common electrode drive step for driving the com-
mon electrode, wherein,

in the common electrode drive step, a first predeter-
mined potential and a second predetermined poten-
tial greater than the first predetermined potential are
alternatingly applied to the common electrode each
time one of the scanning signal lines is selectively
driven in the scanning signal line drive step or at
each interval between more than one scanning sig-
nal line being driven in the scanning signal line drive
step, and

in the auxiliary capacitance line drive step, the aux-
iliary capacitance lines are driven by applying a third
predetermined potential or a fourth predetermined
potential greater than the third predetermined poten-
tial at or after a first time point subsequent to selec-
tion of a corresponding scanning signal line in the
scanning signal line drive step, the corresponding
scanning signal line transitioning at the first time
point from a selected state to a deselected state,
such that the applied potential is changed in the
same direction as a direction in which the potential
of the common electrode is changed at or immedi-
ately after the first time point, the applied potential
being maintained for a predetermined period until a
second time point subsequent to the next selection
of the corresponding scanning signal line or until a
time point before and close to the second time point,
the corresponding scanning signal line transitioning
at the second time point from a selected state to a
deselected state.

EFFECT OF THE INVENTION

[0027] According to the first aspect of the present in-
vention, with the configuration in which the auxiliary ca-
pacitance lines are driven such that the third or fourth
potential is applied at or after the first time point so as to
be changed in the same direction as the direction in which
the potential of the common electrode is changed at the
first time point, and the applied potential is maintained
for a predetermined period until the second time point or
a time point before and close to the second time point, it
is possible to keep the range of drive voltage narrow,
thereby facilitating voltage withstanding design for driver
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circuits, while increasing the difference between the max-
imum and minimum absolute values of voltage to be ap-
plied to the liquid crystal by taking advantage of dielectric
anisotropy of the liquid crystal with respect to the applied
voltage.

[0028] According to the second aspect of the present
invention, at least two of the fifth potential, the first po-
tential, and the third potential are approximately equal,
which eliminates the need to generate a wide variety of
potentials in the power supply circuit, making it possible
to simplify the power supply circuit.

[0029] According to the third aspect of the present in-
vention, atleast two of the fifth potential, the first potential,
and the third potential are OV or values close to 0V, which
makes it possible to suppress power consumption as a
whole.

[0030] According to the fourth aspect of the present
invention, at least two of the sixth potential, the second
potential, and the fourth potential are approximately
equal, which eliminates the need to generate a wide va-
riety of potentials in the power supply circuit, making it
possible to simplify the power supply circuit.

[0031] According to the fifth aspect of the present in-
vention, at least two of the sixth potential, the second
potential, and the fourth potential are values lower than
an absolute value of a minimum applied voltage allowing
the liquid crystal to have an optical transmittance close
to 100%, which makes it possible to facilitate voltage with-
standing design for driver circuits, while suppressing
power consumption as a whole.

[0032] According to the sixth aspect of the present in-
vention, at least two of the sixth potential, the second
potential, and the fourth potential are 4V or values close
to4V, and therefore using general-purpose driver circuits
makes it possible to particularly facilitate voltage with-
standing design while suppressing power consumption
as a whole.

[0033] The seventh aspect of the present invention
achieves effects similar to those achieved by the first
aspect of the invention on the method for driving a liquid
crystal display device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

FIG. 1is a block diagram illustrating the overall con-
figuration of a liquid crystal display device according
to an embodiment of the present invention.

FIG. 2 is a circuit diagram illustrating an equivalent
circuit of a pixel formation portion in the embodiment.
FIG. 3 provides waveform charts of various signals
and the like for providing a white display in the em-
bodiment.

FIG. 4 provides waveform charts of various signals
and the like for providing a black display in the em-
bodiment.

FIG. 5is a graphillustrating the relationship between
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voltage applied to a liquid crystal layer and optical
transmittance of the liquid crystal layer in the em-
bodiment.

FIG. 6 provides waveform charts of various signals
and the like for providing a white display in a con-
ventional liquid crystal display device.

FIG. 7 provides waveform charts of various signals
and the like for providing a black display in the con-
ventional liquid crystal display device.

DESCRIPTION OF THE REFERENCE CHARACTERS
[0035]

10 TFT (switching element)

200 display control circuit

300 source driver

400 gate driver

500 auxiliary capacitance line driver circuit

600 common electrode driver portion

700 display portion

Ecom common electrode

Vcom common potential

Epix pixel electrode

GL(n) scanning signal line (n =1 to N)

G(n) scanning signal (n=1to N)

CsL(n) auxiliary capacitance line (n=1to N)
Cs(n) auxiliary capacitance line drive signal (n = 1
to N)

SL(m) video signal line (m = 1 to M)

S(m) video signal (m=1to M)

P(n,m) pixel formation portion (n=1to N, m=1to M)

BEST MODE FOR CARRYING OUT THE INVENTION

[0036] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the accompanying
drawings. In the following description, the display portion
is configured in a vertically-aligned, normally-black
mode, and employs a so-called line-inversion drive meth-
od, which is a drive method in which voltage applied to
the liquid crystal part of the pixel formation portion is in-
verted in polarity between adjacent rows and also frame
by frame. Note that a so-called n-line inversion drive
method may be employed in which the polarity is inverted
every two rows or more.

<1. Overall configuration and operation of the liquid crys-
tal display device>

[0037] FIG. 1is a block diagram illustrating the overall
configuration of an active-matrix liquid crystal display de-
vice according to an embodiment of the present inven-
tion. This liquid crystal display device includes a drive
control portion and a display portion 700, the drive control
portion consisting of adisplay control circuit 200, a source
driver (video signal line driver circuit) 300, a gate driver
(scanning signal line driver circuit) 400, an auxiliary ca-
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pacitance line driver circuit 500, and a common electrode
driver circuit 600.

[0038] The display portion 700 includes a plurality (M)
of video signal lines SL (1) to SL(M), a plurality (N) of
scanning signal lines GL(1) to GL(N), a plurality (N) of
auxiliary capacitance lines CsL(1) to CsL(N), and a plu-
rality (Mx N) of pixel formation portions provided along
the video signal lines SL(1) to SL(M) and the scanning
signal lines GL(1) to GL(N). Note that in the following
description, the pixel formation portion provided in asso-
ciation with and in the vicinity of the intersection of the
scanning signal line GL(n) and the video signal line SL
(m) (inthefigure, the pixel formation portion being located
approximately to the bottom right of the intersection) is
denoted by reference character "P(n,m)". FIG. 2 illus-
trates an equivalent circuit of the pixel formation portion
P(n,m) in the display portion 700 of the present embod-
iment.

[0039] As shown in FIG. 2, the pixel formation portion
P(n,m) is formed by a TFT 10, a pixel electrode Epix, a
common electrode Ecom, and a liquid crystal layer, the
TFT 10 being a switching element having a gate terminal
connected to the scanning signal line GL(n) or the scan-
ning signal line GL(n+1) adjacent thereto and a source
terminal connected to the video signal line SL(m) passing
through the intersection or the video signal line SL(m+1)
adjacent thereto, the pixel electrode Epix being connect-
ed to a drain terminal of the TFT 10, the common elec-
trode Ecom being provided in common to the pixel for-
mation portions P(ij) (i=1to N, j=1 to M), the liquid
crystal layer being an electro-optic element provided in
common to the pixel formation portions P(i,j)(i=1to N,
Jj=1to M) between the pixel electrode Epix and the com-
mon electrode Ecom.

[0040] Note that the pixel formation portions P(n,m)
display either red (R), green (G), or blue (B), and are
disposed in the order: R, G, and B in the directions along
the scanning signal lines GL (1) to GL(N), while the pixel
formation portions P(n,m) for displaying the same color
lie along the video signal lines SL(1) to SL(M), as shown
in FIG. 2.

[0041] In each pixel formation portion P(n,m), a liquid
crystal capacitance (also referred to as a "pixel capaci-
tance") Clc is formed by the pixel electrode Epix and the
common electrode Ecom opposing thereto with respect
to the liquid crystal layer. For each pixel electrode Epix,
two video signal lines SL(m) and SL(m+1) are arranged
so that the pixel electrode Epix is located therebetween,
and the video signal line SL(m) is connected to the pixel
electrode Epix via the TFT 10.

[0042] Also, each scanning signal line GL(n) has an
auxiliary capacitance line CsL(n) formed in parallel there-
to, and each pixel formation portion P (n,m) has an aux-
iliary capacitance Ccs formed between the pixel elec-
trode Epix and the auxiliary capacitance line CsL(n).
[0043] The display control circuit 200 receives a dis-
play data signal DAT and a timing control signal TS, which
are externally sent thereto, and outputs a digital image
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signal DV while outputting a source start pulse signal
SSP, a source clock signal SCK, a latch strobe signal
LS, a gate start pulse signal GSP, a gate clock signal
GCK, an auxiliary capacitance line control signal Scs,
and a common electrode control signal Sec in order to
control the timing of displaying an image on the display
portion 700.

[0044] The sourcedriver 300 receives the digitalimage
signal DV, the source start pulse signal SSP, the source
clock signal SCK, and the latch strobe signal LS outputted
from the display control circuit 200, and applies drive vid-
eo signals S(1) to S(M) to the video signal lines SL(1) to
SL(M), respectively, in order to charge the liquid crystal
capacitance Clc of each pixel formation portion P(n,m)
in the display portion 700. At this time, in the source driver
300, digital image signals DV indicating voltage to be
applied to the video signal lines SL (1) to SL(M) are se-
quentially stored at the time of generating pulses of the
source clock signal SCK. Then, the stored digital image
signals DV are converted to analog voltage at the time
of generating pulses of the latch strobe signal LS.
[0045] Note that such D/A conversion is performed by
a D/A conversion circuit (and a tone voltage generation
circuit) included in the source driver 300. For example,
the D/A conversion circuit divides a reference voltage for
tone voltage generation supplied from outside the source
driver 300, thereby generating analog voltage corre-
sponding to each display tone. The analog voltage gen-
erated by the D/A conversion circuit is applied as a drive
video signal simultaneously to all the video signal lines
SL (1) to SL(M). That is, in the present embodiment, a
line-sequential drive method is employed as a method
for driving the video signal lines SL(1) to SL(M).

[0046] The gate driver 400 sequentially outputs active
scanning signals G(1) to G(N) to the scanning signallines
GL (1) to GL(N), respectively, based on the gate start
pulse signal GSP and the gate clock signal GCK output-
ted from the display control circuit 200.

[0047] The auxiliary capacitance line driver circuit 500
sequentially applies auxiliary capacitance line drive sig-
nals Cs(1) to Cs(N) to the auxiliary capacitance lines CsL
(1) to CsL(N), respectively, based on the auxiliary capac-
itance line control signal Scs outputted from the display
control circuit 200, the auxiliary capacitance line drive
signals each having their potential changed in two steps
in accordance with a potential supplied from an unillus-
trated power supply circuit. Note that the auxiliary capac-
itance line control signal Scs contains, for example, a
start pulse signal and a clock signal, which correspond
to the gate start pulse signal GSP and the gate clock
signal GCK, respectively, and also contains a signal in-
dicating the timing of polarity inversion (or the aforemen-
tioned potential selection).

[0048] Based on the common electrode control signal
Sec outputted from the display control circuit 200, the
common electrode driver circuit 600 applies to the com-
mon electrode a potential changing in two steps in ac-
cordance with the potential supplied from the unillustrat-
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ed power supply circuit, such that the polarity of the volt-
age to be applied to the liquid crystal is inverted in ac-
cordance with a change of the video signal S(m). Note
that the common electrode control signal Sec contains,
for example, a clock signal, which corresponds to the
source clock signal SCK, and a signal indicating the tim-
ing of polarity inversion (or the aforementioned potential
selection).

[0049] Here, as is apparent from the relationship of
connections shown in FIG. 2, when the voltage applied
to the auxiliary capacitance lines CsL(1) to CsL(N) is
changed, the potential of the pixel electrode Epix, when
conforming to the common electrode Ecom, changes in
response to the potential change of the auxiliary capac-
itance line CsL(n), in accordance with the ratio of the
auxiliary capacitance to the sum of the liquid crystal ca-
pacitance value and the auxiliary capacitance value. As
a result, the difference between the common potential
Vcom and the pixel electrode potential of each pixel for-
mation portion can be increased for the white display (in
other words, the pixel electrode voltage can be padded).
The signal will be described later in terms of its waveform
and so on.

[0050] In this manner, the drive video signal is applied
to each of the video signal lines SL (1) to SL(M), the
scanning signal to each of the scanning signal lines GL
(1) to GL(N), and the auxiliary capacitance line drive sig-
nal to each of the auxiliary capacitance lines CsL(1) to
CsL(N), so that an image is displayed on the displaypor-
tion 700. Next, the potential change of various signals
and the like will be described with reference to FIGS. 3
and 4.

<2. Waveforms of various signals and the like>

[0051] FIG. 3 provides waveform charts of various sig-
nals and the like for providing a white display by the
present liquid crystal display device. Also, FIG. 4 pro-
vides waveform charts of various signals and the like for
providing a black display by the present liquid crystal dis-
play device. As shown in FIGS. 3 and 4, the video signal
S(m), which is a voltage signal to be applied to the video
signal line SL(m), has a predetermined voltage value in
the range of =4V in accordance with a pixel luminance
from OV to 4V; specifically, in the case of the positive
polarity, voltage values corresponding to the black dis-
play (minimum luminance) and the white display (maxi-
mum luminance) are 0V and 4V, respectively, and in the
case of the negative polarity, voltage values correspond-
ing to the black display (minimum luminance) and the
white display (maximum luminance) are 4V and 0V, re-
spectively. Note that by setting the lowest voltage of the
video signal S(m) to 0V, it becomes possible to suppress
power consumption as a whole.

[0052] Also, as for the liquid crystal layer, alternating
current drive is required for preventing time degradation,
as described above, the common potential Vcom, which
is the potential of the common electrode Ecom, is
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changed to OV for the positive polarity and 4V for the
negative polarity in accordance with the change of the
video signal S(m), such that the voltage applied to the
liquid crystal is inverted inpolarity. Accordingly, for exam-
ple, the common potential Vcom is changed so as to be
in opposite phase to but at the same amplitude as the
video signal S(m) for the case where the white display is
always provided.

[0053] Here, inthe normally-black liquid crystal display
device, an applied voltage of approximately 5V (here,
simply 5V) is typically required for maximizing the trans-
mittance of the liquid crystal layer, and therefore, as in
the aforementioned liquid crystal display device in the
first conventional art example, by driving the auxiliary ca-
pacitance line CsL(n), the potential of the pixel electrode
is changed. Specifically, the potential of the pixel elec-
trode Epix, when conforming to the common electrode
Ecom, changes in response to the potential change of
the auxiliary capacitance line CsL(n), in accordance with
the ratio of the auxiliary capacitance to the sum of the
liquid crystal capacitance value and the auxiliary capac-
itance value.

[0054] Therefore, for example, in the case of the white
display shown in FIG. 3, if the common potential Vcom
remains unchanged, and only the potential of a signal
(hereinafter, referred to as an "auxiliary capacitance line
drive signal") Cs (n) to be supplied to the auxiliary ca-
pacitance line is changed by 4V, the potential of the pixel
electrode Epix is changed by 2V provided that the liquid
crystal capacitance value Clc : the auxiliary capacitance
value Ccs =1:1,i.e., Ccs/(Ccs + Clc) = 0.5. Note that
the ratio is a value for the white display, and as for the
black display, the dielectric constant of the liquid crystal
is lower as described above, hence it is assumed here
that Ccs / (Ccs + Clc) = 0.75. The ratio for the black
display will be described later with reference to FIG. 4.
[0055] Conversely, if the potential of the auxiliary ca-
pacitance line drive signal Cs (n) remains unchanged,
and only the common potential Vcom is changed by 4V,
the potential of the pixel electrode Epix is changed by 2V
provided that Clc / (Ccs + Clc) = 0.5.

[0056] Naturally, when both the potential of the auxil-
iary capacitance line drive signal Cs(n) and the common
potential Vcom are changed by 4V, the potential of the
pixel electrode Epix is changed by 4V as well. That is,
the voltage applied to the liquid crystal remains un-
changed.

[0057] Note that the auxiliary capacitance line drive
signal Cs(n) is generated by the auxiliary capacitance
line driver circuit 500 based on the auxiliary capacitance
line control signal Scs, so as to fall or rise simultaneously
with the fall of the scanning signal G(n), in the same di-
rection as the potential change of the common potential
Vcom. Concretely, as shown in FIG. 3, it falls simultane-
ously with the fall of the scanning signal G(n), and then
rises simultaneously with the fall of the scanning signal
G(n) in the next frame. More strictly, the auxiliary capac-
itance line drive signal Cs(n) falls when the TFT 10 is
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completely turned OFF, i.e., slightly after the fall of the
scanning signal G(n), and then rises slightly after the fall
of the scanning signal G(n) in the next frame. Also, the
same can be said of the timing of the change in the com-
mon potential Vcom.

[0058] Also, as shown in FIG. 3, the pixel electrode
potential of the pixel formation portion P(n,m) is main-
tained at 4V until the scanning signal G (n) transitions
from the active state (where the TFT 10 is turned ON) to
the non-active state, but thereafter it further rises by 4V
to 8V because both the common potential Vcom and the
potential of the auxiliary capacitance line drive signal Cs
(n) are changed torise by 4V. Since the common potential
Vcom is 4V, the voltage applied to the liquid crystal layer
at this time is maintained at 4V.

[0059] Here, in general, for example, as in the afore-
mentioned second conventional art example, the voltage
applied to the liquid crystal remains unchanged until the
next frame is displayed, so that the pixel display is
achieved with aluminance in accordance with the applied
voltage. Specifically, in the case of conventional liquid
crystal display devices including no auxiliary capacitance
lines, the voltage applied to the liquid crystal naturally
remains invariable from the time of application, and this
is also true even in the case where the auxiliary capaci-
tance lines are present as in the second conventional art
example, provided that the potential of the lines varies
simultaneously with the common potential by the same
amount.

[0060] However, the present embodiment is signifi-
cantly characterized in that the pixel electrode potential
of the pixel formationportion P(n,m) is changed in ac-
cordance with subsequent changes of the common po-
tential Vcom. Specifically, in the case as shown in FIG.
3 where the potential of the auxiliary capacitance line
drive signal Cs(n) is not changed from 4V (it remains
unchanged), and only the common potential Vcom falls
by 4V, the potential of the pixel electrode Epix falls by 2V
from 8V to 6V provided that Clc/ (Ccs + Clc) = 0.5. As a
result, the voltage applied to the liquid crystal rises from
4V to 6V. In this manner, by increasing the voltage ap-
plied to the liquid crystal, it is possible to raise the max-
imum absolute value of the voltage applied to the liquid
crystal higher than the maximum value of the drive volt-
age for conventional liquid crystal display devices driven
while inverting the common potential (e.g., the aforemen-
tioned second conventional art example).

[0061] Thereafter, when only the common potential
Vcom rises by 4V with the potential of the auxiliary ca-
pacitance line drive signal Cs(n) being not changed (with
the potential remaining unchanged), the potential of the
pixel electrode Epix rises by 2V to 8V, and the voltage
applied to the liquid crystal falls to 4V.

[0062] In this manner, the common electrode is driven
with the potential of the auxiliary capacitance line remain-
ing unchanged, so that the voltage applied to the liquid
crystal alternates between 4V and 6V every scanning
period until the next frame is displayed. However, such
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achangeis notreflected on the display, so that the display
state is not changed. The reason for this is that the length
of a scanning period in typical liquid crystal display de-
vices is about tens to hundreds of microseconds, but in
general, liquid crystal molecules take about 10 millisec-
onds to change their orientational state. For this reason,
the orientational state of the liquid crystal molecules de-
pends on the effective value (average value) of the ap-
plied voltage. Accordingly, the above case where the volt-
age applied to the liquid crystal alternates between 4V
and 6V every scanning period can be considered as be-
ing the same as the case where a constant voltage of 5V
is always applied to the liquid crystal. Thus, in this case,
the optical transmittance of the liquid crystal layer is al-
ways 100%, making it possible to stably provide the white
display.

[0063] When the white display is always provided, the
operation is performed as described above in conjunction
with FIG. 3; an example where the black display is always
provided will be described next with reference to FIG. 4.
As shown in FIG. 4, the pixel electrode potential of the
pixel formation portion P(n,m) is maintained at OV until
the scanning signal G(n) transitions from the active state
(where the TFT 10 is turned ON) to the non-active state,
and thereafter it rises by 4V from OV to 4V because both
the common potential Vcom and the potential of the aux-
iliary capacitance line drive signal Cs(n) rise by 4V. Since
the common potential Vcom is 4V, the voltage applied to
the liquid crystal layer at this time is maintained at OV.
[0064] Thereafter, when only the common potential
Vcom falls by 4V with the potential of the auxiliary capac-
itance line drive signal Cs(n) being not changed from 4V
(with the potential remaining unchanged), as shown in
FIG. 4, if Ccs / (Ccs + Clc) = 0. 75 as described above,
Clc / (Ces + Clc) = 0.25, and therefore the potential of
the pixel electrode Epix falls by 1V from 4V to 3V, so that
the voltage applied to the liquid crystal rises to 3V. Sub-
sequently, when only the common potential Vcom rises
by 4V with the potential of the auxiliary capacitance line
drive signal Cs(n) being not changed (with the potential
remaining unchanged), the potential of the pixel elec-
trode Epix rises by 1V from 3V to 4V, so that the voltage
applied to the liquid crystal falls to OV.

[0065] In this manner, the voltage applied to the liquid
crystal alternates between OV and 3V every scanning
period until the next frame is displayed. Accordingly, this
state can be considered as being the same as the case
where a constant voltage of 1.5V is always applied to the
liquid crystal. This voltage has a value equal to or less
than a liquid crystal threshold voltage, or at least close
to that liquid crystal threshold voltage. Hereinafter, the
liquid crystal threshold voltage will be described with ref-
erence to FIG. 5.

[0066] FIG.5is agraph illustrating the relationship be-
tween the voltage applied to the liquid crystal layer and
the optical transmittance of the liquid crystal layer. Note
that in the figure, the vertical axis denotes the optical
transmittance [%], and the horizontal axis denotes the
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applied voltage [V]. Referring to FIG. 5, it can be appre-
ciated thatalmost no light is transmitted (the optical trans-
mittance hardly changes from 0%) if a voltage of up to
about 1.5V is applied to the liquid crystal layer. The max-
imum voltage applied to the liquid crystal which achieves
an optical transmittance of about 0% and causes almost
no perceivable change from 0% is referred to as the liquid
crystal threshold voltage. Accordingly, when the differ-
ence between the potential of the pixel electrode Epix
and the common potential Vcom is equal to or less than
the liquid crystal threshold voltage, i.e., about 1.5V, al-
most no display is provided (i.e., the black display is pro-
vided) as in the case where the difference is OV. Note
that the relationship shown in FIG. 5 is merely an exam-
ple, and although, for example, the applied voltage that
achieves an optical transmittance of 100% mayvaryde-
pendingon, for instance, liquidcrystalcompositions, in
general, the optical transmittance of any liquid crystal
hardly changes if the voltage is at a predetermined
threshold level or lower. Thus, as described above, when
the voltage applied to the liquid crystal is 1. 5V, the optical
transmittance of the liquid crystal layer is always almost
0%, making it possible to stably provide the black display.
[0067] A similar operation is performed as well for both
the pixel formation portion P(n+1,m) in the next row and
the pixel formation portion P(n,m) in the next frame where
the polarity is inverted in accordance with the aforemen-
tioned line-inversion drive method.

[0068] While the foregoing description has been pro-
vided with respect to typical examples where the white
display is always provided and where the black display
is always provided, it is understood that the foregoing
description is also applicable to cases where displays of
intermediate tones are provided. However, as described
above, the dielectric constant of the liquid crystal de-
pends on the display state, and therefore in order to
match the voltage of the video signal S(m) and the display
tone, it is necessary to take into consideration the die-
lectric constant of the liquid crystal changing in accord-
ance with the applied voltage, along with the effective
value of the voltage applied to the liquid crystal.

<3. Effects>

[0069] As described above, in the present embodi-
ment, when the auxiliary capacitance lines CsL(1) to CsL
(n) are driven, the range of the voltage for driving them,
the range of the voltage for driving the video signal lines
SL(1) to SL(M), and the range of the voltage for driving
the common electrode Ecom are equally maintained as
low as from OV to 4V, making it possible to facilitate power
supply design and voltage withstanding design for the
source driver 300, the auxiliary capacitance line driver
circuit 500, and the common electrode driver circuit 600,
thereby reducing production cost and power consump-
tion. With such a configuration, where the potential of the
auxiliary capacitance line drive signal Cs(n) is prevented
from fluctuating with the common potential Vcom by min-
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imizing the range of the drive voltage and increasing the
auxiliary capacitance value without reducing the pixel ap-
ertureratio, itis possible to drive the auxiliary capacitance
lines with the (effective) voltage to be applied to the liquid
crystal being set with a maximum absolute value of 5V
and a minimum absolute value of 1.5V so that the differ-
ence between the maximum and minimum absolute val-
ues is 3. 5V (i.e., the dynamic range is widened), which
is greater compared to conventional liquid crystal display
devices in which the auxiliary capacitance lines are driv-
en with the common potential being fixed.

[0070] Here, the reason why the dynamic range is wid-
ened as described above is that the present embodiment
focuses on the point that the dielectric anisotropy of the
liquid crystal acts in a direction to widen the dynamic
range, as opposed to the first conventional art example
shown in FIG. 7 in which the dielectric anisotropy of the
liquid crystal acts in a direction to narrow the dynamic
range. Specifically, as for the first conventional art exam-
ple, the potential of the auxiliary capacitance line drive
signal Cs(n) is changed with the common potential Vcom
being fixed, so that it is concerned with the ratio of the
auxiliary capacitance Ccs to the sum total of the liquid
crystal capacitance Clc and the auxiliary capacitance
Ccs, while as for the present embodiment, the common
potential Vcom is changed with the potential of the aux-
iliary capacitance line drive signal Cs(n) being shifted
and fixed thereafter, so that it is concerned with the ratio
of the liquid crystal capacitance Clc to the sum total of
the liquid crystal capacitance Clc and the auxiliary ca-
pacitance Ccs. In this manner, with the above configu-
ration taking advantage of the dielectric anisotropy of the
liquid crystal acting in a direction opposite to that in the
first conventional art example, it is possible to achieve
the effect of widening the dynamic range.

[0071] Also, compared with conventional liquid crystal
display devices driven with the common potential being
inverted, production cost can be reduced with power sup-
ply design of driver circuits being facilitated by equalizing
their drive voltages, and furthermore, the maximum ab-
solute value of the voltage to be applied to the liquid crys-
tal can be rendered higher than the maximum values of
the drive voltages for the driver circuits.

<4, Variants>

[0072] In the above embodiment, the voltage applied
to the video signal lines SL(1) to SL(M), the voltage ap-
plied to the auxiliary capacitance lines CsL(1) to CsL(N),
and the voltage applied to the common potential Vcom
are equal in minimum and maximum values, which are
0V and 4V, respectively, but they may be different. So
long as part or all of them are equal, types of output volt-
age can be reduced, making it possible to facilitate power
supply design and thereby to reduce production cost. Al-
s0, their minimum values may not necessarily be 0V.
However, if they are OV, power consumption can be min-
imized, making it possible to reduce power consumption
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and facilitate power supply design. Furthermore, the
maximum values may not necessarily be 4V. However,
the maximum value of the voltage applied to the liquid
crystal is preferably about 4V in view of the fact that it is
suitably equal to a point between the liquid crystal thresh-
old voltage and about 5V within the range of the applied
voltage absolute value, and in consideration of restric-
tions on, for example, production processes.

[0073] In the above embodiment, the auxiliary capac-
itance line drive signal Cs(n) rises or falls in the same
direction as the change of the common potential Vcom,
simultaneously with the fall of the scanning signal G(n)
(to be exact, slightly after that), but this timing is not re-
strictive, and the auxiliary capacitance line drive signal
Cs(n) may rise or fall after a lapse of a predetermined
period since the fall of the scanning signal G(n) so long
as it is changed in the same direction as the change of
the common potential Vcom at the same time as or im-
mediately after the fall of the scanning signal G(n). How-
ever, the display is more stabilized the longer the period
in which the effective value of the voltage applied to the
liquid crystal is kept constant at a desired level, and there-
fore the auxiliary capacitance line drive signal Cs(n) pref-
erably rises or falls at the same time as or immediately
after the fall of the scanning signal G(n).

[0074] In the above embodiment, the potential of the
auxiliary capacitance lines CsL(1) to CsL(N) is changed
in two steps, but it may be changed in three steps or more
as with well-known configurations. For example, in the
configuration where their potential is changed in three
steps, it is possible to compensate for any change of the
pixel electrode potential due to the potential change of
the scanning signal line caused by any parasitic capac-
itance between the scanning signal line and the pixel
electrode, and it is also possible to compensate for any
error of luminance between the polarities of the voltage
applied to the liquid crystal. Concretely, the potential to
be changed in three steps is suitably set considering the
amount of change in potential of the pixel electrode Epix
in the pixel formation portion P(n,m) due to (the potential
change caused by) the falling pulse of the scanning signal
G(n), as well as positive and negative voltages to be ap-
plied in accordance with a desired luminance, making it
possible to preclude any effects due to the scanning sig-
nal line potential change and the polarity of the voltage
applied to the liquid crystal.

INDUSTRIAL APPLICABILITY

[0075] The present invention is applicable to active-
matrix liquid crystal display devices using switching ele-
ments, such as thin-film transistors, in which auxiliary
capacitance lines are driven.

Claims

1. An active-matrix liquid crystal display device, com-
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prising:

a video signal line driver circuit for driving a plu-
rality of video signal lines transmitting a plurality
of video signals corresponding to image signals
externally provided for displaying a predeter-
mined image;

a scanning signal line driver circuit for driving a
plurality of scanning signal lines crossing the vid-
eo signal lines;

an auxiliary capacitance line driver circuit for
driving a plurality of auxiliary capacitance lines
arranged along their corresponding scanning
signal lines;

a plurality of pixel formation portions arranged
in a matrix along the video signal lines and the
scanning signal lines; and

a common electrode driver circuit for driving a
common electrode supplying a common poten-
tial to the pixel formation portions, wherein,
each of the pixel formation portions includes a
pixel electrode connected to a corresponding
one of the video signal lines, the pixel electrode
having a predetermined auxiliary capacitance
formed between the pixel electrode and its cor-
responding auxiliary capacitance line and also
having a liquid crystal interposed between the
pixel electrode and the common electrode,

the common electrode driver circuit alternatingly
applies afirst predetermined potentialand a sec-
ond predetermined potential greater than the
first predetermined potential to the common
electrode each time one of the scanning signal
lines is selectively driven by the scanning signal
line driver circuit or at each interval between
more than one scanning signal line being driven
by the scanning signal line driver circuit, and
the auxiliary capacitance line driver circuitdrives
the auxiliary capacitance lines by applying a
third predetermined potential or a fourth prede-
termined potential greater than the third prede-
termined potential at or after a first time point
subsequent to selection of a corresponding
scanning signal line by the scanning signal line
driver circuit, the corresponding scanning signal
line transitioning at the first time point from a
selected state to a deselected state, such that
the applied potential is changed in the same di-
rection as a direction in which the potential of
the common electrode is changed at or imme-
diately after the first time point, the applied po-
tential being maintained for a predetermined pe-
riod until a second time point subsequent to the
next selection of the corresponding scanning
signal line or until a time point before and close
to the second time point, the corresponding
scanning signal line transitioning at the second
time point from a selected state to a deselected
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state.

The liquid crystal display device according to claim
1, wherein at least two of a fifth potential, which is a
minimum value of the video signal, the first potential,
and the third potential are approximately equal.

The liquid crystal display device according to claim
2, wherein at least two of the fifth potential, which is
the minimum value of the video signal, the first po-
tential, and the third potential are OV or values close
to OV.

The liquid crystal display device according to claim
1, wherein at least two of a sixth potential, which is
a maximum value of the video signal, the second
potential, and the fourth potential are approximately
equal.

The liquid crystal display device according to claim
4, wherein at least two of the sixth potential, which
is the maximum value of the video signal, the second
potential, and the fourth potential are values lower
than an absolute value of a minimum applied voltage
allowing the liquid crystal to have an optical trans-
mittance close to 100%.

The liquid crystal display device according to claim
5, wherein at least two of the sixth potential, which
is the maximum value of the video signal, the second
potential, and the fourth potential are 4V or values
close to 4V.

A method for driving a liquid crystal display device
including a plurality of video signal lines transmitting
a plurality of video signals corresponding to image
signals externally provided for displaying a predeter-
mined image, a plurality of scanning signal lines
crossing the video signal lines, a plurality of auxiliary
capacitance lines arranged along their correspond-
ing scanning signal lines, a common electrode sup-
plying a common potential, and a plurality of pixel
formation portions arranged in a matrix along the vid-
eo signal lines and the scanning signal lines, each
of the pixel formation portions including a pixel elec-
trode connected to a corresponding one of the video
signal lines, the pixel electrode having a predeter-
mined auxiliary capacitance formed between the pix-
el electrode and its corresponding auxiliary capaci-
tance line and also having a liquid crystal interposed
between the pixel electrode and the common elec-
trode, the method comprising:

avideo signal line drive step for driving the video
signal lines;

a scanning signal line drive step for driving the
scanning signal lines;

an auxiliary capacitance line drive step for driv-
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ing the auxiliary capacitance lines; and

a common electrode drive step for driving the
common electrode, wherein,

in the common electrode drive step, a first pre-
determined potential and a second predeter-
mined potential greater than the first predeter-
mined potential are alternatingly applied to the
common electrode each time one of the scan-
ning signal lines is selectively driven in the scan-
ning signal line drive step or at each interval be-
tween more than one scanning signal line being
driven in the scanning signal line drive step, and
in the auxiliary capacitance line drive step, the
auxiliary capacitance lines are driven by apply-
ing a third predetermined potential or a fourth
predetermined potential greater than the third
predetermined potential at or after a first time
point subsequent to selection of a correspond-
ing scanning signal line in the scanning signal
line drive step, the corresponding scanning sig-
nal line transitioning at the first time point from
a selected state to a deselected state, such that
the applied potential is changed in the same di-
rection as a direction in which the potential of
the common electrode is changed at or imme-
diately after the first time point, the applied po-
tential being maintained for a predetermined pe-
riod until a second time point subsequent to the
next selection of the corresponding scanning
signal line or until a time point before and close
to the second time point, the corresponding
scanning signal line transitioning at the second
time point from a selected state to a deselected
state.
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Fig. 5
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