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IMAGE DISPLAY DEVICE AND DRIVING
METHOD OF THE SAME

FIELD OF THE INVENTION

The present invention relates to a driving method for an
image display device, and particularly relates to an image
display device which can suppress a decrease in image
quality by controlling fluctuations in pixel potential when
driving liquid crystals with an AC voltage and a driving
method for such image display device.

BACKGROUND OF THE INVENTION

As an example of conventional image display devices, an
active matrix type liquid crystal display device will be
explained. As shown in FIG. 11, the known liquid crystal
display device of the active matrix type includes a pixel
array ARY, a scanning signal line drive circuit GD, a data
signal line drive circuit SD and a pre-charging circuit PC.

The pixel array ARY includes a plurality of scanning
signal lines GL1 to GLj and data signal lines SDL1 to SDLi.
These scanning signal lines and data signal lines are dis-
posed so as to form a matrix, and pixels PIX are disposed in
a matrix form such that each pixel PIX is located in an area
surrounded by adjoining two scanning signal lines GL and
adjoining two data signal lines SDL. As shown in FIG. 12,
each pixel PIX includes a switch element SW, a liquid
crystal capacitor CL and a subsidiary capacitor CS.

As shown in FIG. 11, the data signal line drive circuit SD
includes a shift register and a sampling circuit. The data
signal line drive circuit SD is provided for sampling video
signals DAT as inputted to the sampling circuit SAM in
synchronization with a timing signal such as a data clock
signal CKS, a data sampling start signal SPS, etc., and
writing a signal corresponding to the timing of the data clock
signal CKS into each data signal line SDL.

As shown in FIG. 11, the scanning signal line drive circuit
GD includes a shift register. The scanning signal line drive
circuit GD sequentially selects scanning signal lines GL in
synchronization with a timing signal such as a scanning
clock signal CKG, a scanning start signal SPG, etc., and
opens and closes a switching element SW of each pixel PIX.
As a result, the scanning signal line drive circuit GD writes
a signal voltage of a video signal DAT as sampled by each
sampling circuit SAM into a data signal line SDL, and
further writes the signal voltage into a capacitor of each
pixel PIX, and holds a potential of the video signal DAT in
capacitors CL and CS of each pixel PIX.

The pre-charging circuit PC performs a sampling of a
pre-charge potential PCV as inputted in synchronization
with a timing of a pre-charge control signal PCC and writes
the pre-charge potential PCV before the video signal DAT as
sampled is written into each data signal line SDL. The
foregoing technique is clearly disclosed in Japanese Unex-
amined Patent Publication No. 295521/1995 (Tokukaihei
7-295521) (Publication Date: Nov. 10, 1995).

For liquid crystal displays, it is required that an applica-
tion voltage to pixels PIX applies AC potential at a prede-
termined cycle in order to prevent deterioration of liquid
crystals. Therefore, it is required for the video signal DAT as
a source of a signal to be written into pixels PIX that its
polarity be inverted at a predetermined period even for the
video signal DAT of the same video data.

In reference to FIG. 12, a pixel structure PIX will be
explained. As shown in FIG. 12, one end of a capacitor
which constitutes each pixel PIX is connected to a data
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signal line SDL via a switching element SW, and the other
end is connected to a common electrode COM to which a
counter potential VCOM is applied. More specifically, a
difference in potential between a signal written into the pixel
PIX via the switching element SW and the counter potential
VCOM is applied to a liquid crystal through the data signal
line SDL. Further, by modulating light passed through or
reflected from the liquid crystal according to an effective
voltage of the potential being applied to the liquid crystal, a
variety of display states can be realized.

In this example, it is assumed that the counter potential
VYCOM is a DC potential. Namely, the polarity of the video
signal, whether positive or negative is defined based on this
counter potential VCOM as a reference potential.

Examples of driving methods for the liquid crystals
include:

(1) 1H inverse driving method (gate line inverse driving
method) for inverting a polarity of a video signal at every
horizontal scan period (hereinafter referred to as 1H);

(2) frame inverse driving method for inverting a polarity
of a video signal every frame of the video signal or every
field of the video signal,

(3) source line inverse driving method for inverting a
polarity of a video signal at every frame of the video signal
or at every field of the video signal in such a manner that any
adjacent two data signal lines have different polarities; and

(4) dot inverse driving method in combination of the
above (3) source line inverse driving method and (1)
1H inverse driving method.

Here, explanations will be given through the case of the
(1) 1H inverse driving method.

For example, pixels PIX connected to the data signal line
SDLn (1=nZ1) are first charged to a pre-charge potential
PCV of a positive polarity or negative polarity by the
pre-charging circuit PC. Subsequently, the data signal line
drive circuit SD is driven by the data sampling start signal
SPS and the data clock signal CKS, and samples video
signals DAT of positive or negative polarity and write
signals as sampled in the data signal line SDL. Subse-
quently, the scanning signal line drive circuit GD opens each
switching element SW of a pixel PIX connected to the
scanning signal line GLn (1=nZj), to allow signals as
sampled to be rewritten into respective liquid crystal capaci-
tors CL and subsidiary capacitors CS. Then, upon complet-
ing a selection of the scanning signal line GLn, the liquid
crystal capacitors CL and the subsidiary capacitors CS of the
pixels PIX are separated from the data signal line SDL by the
switching elements SW, and the scanning signal line drive
circuit GD holds the signals as sampled and written into the
pixels PIX. In this example, one end of each pixel PIX is
connected to a counter potential VCOM, but the other end
that is connected to the switching element SW is separated.
Thus, the liquid crystal capacitor CL and the subsidiary
capacitor CS of the pixel PIX are in a floating state. Further,
the liquid crystal capacitor CL and the subsidiary capacitor
CS of the pixel PIX are adjacent to the data signal line, and
thus these capacitors have parasitic capacitances (fringe
capacitances) Cf with respect to the data signal line as shown
in FIG. 12.

When the pre-charge potential of negative polarity or
positive polarity is written from the pre-charging circuit PC
before carrying out the next scanning operation, due to the
effect of the pre-charge potential via the parasitic capacitor
Cf, respective potentials of the liquid crystal capacitor CL
and the subsidiary capacitor CS of the pixel PIX vary as
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being abruptly attracted to the negative polarity side or the
positive polarity side (hereinafter referred to as pixel poten-
tial fluctuations).

Then, upon completing a writing of an image into pixels
PIX for the scanning signal lines GL1 to GLj (j>1), in order
10 save power consumption, a supply of signals from the
control signal generating circuit CTL to the data signal line
drive circuit SD, the scanning signal line drive circuit GD,
and preliminary charging circuit PC is stopped.

Assumed, for example, that scanning signal lines of j=2m
(m21) are disposed, and a video signal of positive polarity
is written into the pixels PIX connected to the first scanning
signal line GL1. Then, a video signal of negative polarity
would be written in the last scanning signal line GLj (j=2m).
Namely, a video signal of positive polarity is written into
pixels PIX connected to odd numbered scanning signal
lines, while a video signal of negative polarity is written into
pixels PIX connected to even numbered scanning signal
lines. In this example, the pre-charging of the data signal
lines is carried out upon completing the writing of signals
into the pixels PIX. Thus, after the last scanning operation,
the data signal line is precharged in positive polarity. FIG. 13
shows the state where each signal and pixel polarity varies
at vertical retrace interval. Assumed here that respective
pixels PIX store the video signal data in different polarities.

FIG. 13 shows the potential PIXVodd of pixels connected
1o the odd numbered scanning line signal GLodd, the
potential PIXVeven of pixels connected to even numbered
scanning signal lines GLeven, pre-charge potential PCV, and
signal potentials of the pre-charge control signal PCC and
the data signal line SDL. A potential difference between the
potential PIXVodd and PIXVeven of each pixel and the
counter potential VCOM is applied to the pixel, and a
transmittance of light is determined by the resulting effective
voltage value.

However, as shown in FIG. 13, respective pixel potentials
PIXVodd and PIXVeven vary by parasitic capacity Cf
according to polarities of i) the pre-charge potential PCV
supplied to the data signal line SDL by the pre-charge
control signal PCC, and ii) the signal potential obtained by
sampling the video signal DATA supplied from the data
signal line drive circuit SD. In the vertical retrace interval,
a supply of a control signal from the control signal gener-
ating circuit CTL is stopped, and thus the potential as varied
according to the polarity of the last data signal line is held
in the liquid crystal capacitor CL and the subsidiary capaci-
tor CS of the pixel PIX. Therefore, fluctuations in pixel
potential deviate throughout the vertical retrace interval, and
thus light modulation as determined by an effective voltage
of a potential applied to liquid crystals vary, thereby pre-
senting the problem that the displayed content differs for the
same video signal data. Specifically, in an event of an
intermediate gray scale display, a moire appears due to
differences in brightness between pixels connected to even-
numbered scanning signal lines and odd-numbered scanning
signal lines.

The problem of decrease in image quality occurs also in
the driving method of liquid crystals adopting an AC poten-
tial for the counter potential VCOM. Fluctuations in pixel
potential in this case are shown in FIG. 14. In FIG. 14,
during the vertical retrace interval, the pixel potential PIX-
Vodd and the pixel potential PIXVeven vary according to
changes in pre-charge potential of the data signal line at the
start of the vertical retrace interval, and the data signal line
SDL is not precharged subsequently. Thus, although the
pixel potential fluctuations can be reduced, a potential
difference between the charge of the pixel PIX and the
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counter potential VCOM differs between 1) the potential
PIXVodd of the pixels connected to the odd-numbered
scanning signal line and ii) the potential PIXVeven of the
pixels connected to the even-numbered scanning signal
lines, resulting in the problem of moire.

Recently, in order to reduce the power consumption of the
backlight provided at the back surface of the liquid crystal
display device, an attempt has been made to realize an
increased aperture ratio to improve the transmittance of light
for pixels PIX of the liquid crystal display device. When an
aperture of the pixel PIX is increased, an area occupied by
the electrodes which constitute pixels PIX becomes larger,
and the distance between the data signal line and the pixel
electrode is reduced. As the size of the capacitance compo-
nent is anti-proportional to the distance between electrodes,
as the distance is reduced, the capacitance component
becomes larger. Therefore, the parasitic capacitor Cf
becomes relatively larger than the liquid crystal capacitor
CL and the capacitor CS shown in FIG. 12, and the problem
of decrease in image quality is likely to occur.

In the foregoing prior art example, effects of the potential
as charged by the pre-charging circuit PC has been dis-
cussed. However, the above-explained problem of image
quality deterioration likely to occur even for the structure
without the pre-charging circuit, i.e., without an applied
pre-charge potential to the data signal line for the following
reason. That is, an AC potential whose polarity is inverted at
a predetermined period is applied to the data signal line by
the data signal line drive circuit. Therefore, upon completing
a writing operation for 1 screen, the potential of either
polarity is supplied to the data signal line SDL, resulting in
the problem of decrease in image quality as in the afore-
mentioned case.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
an image display device capable of suppressing decrease in
image quality due to moire by suppressing fluctuations in
pixel potential caused by fluctuations in potential of a data
signal line in a vertical retrace interval without increasing
power consumption, and to provide a driving method for
such image display device.

In order to achieve the above object, an image display
device in accordance with the present invention is charac-
terized by including:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines arranged in respective
columns of the pixels;

a plurality of scanning signal lines arranged in respective
rows of the pixels;

a data signal line drive circuit for driving the plurality of
data signal lines by outputting thereto a signal potential in
synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving the plurality
of scanning signal lines by outputting thereto a scanning
signal in synchronization with a predetermined timing sig-
nal;

a display section including the plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit; and

a pre-charging circuit for supplying a predetermined
pre-charge potential to the plurality of data signal lines
according to the pre-charge control signal from an external
section in a predetermined interval,
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wherein in a vertical retrace interval, the pre-charge
potential or the signal potential is supplied to the data signal
lines from the pre-charging circuit or the data signal line
drive circuit at least once.

According to the described arrangement provided with the
data signal line drive circuit and the pre-charging circuit, the
pre-charge potential or the signal potential is supplied to the
data signal lines in the vertical retrace interval at least once.
As a result, fluctuations in pixel potential can be made
uniform between the positive polarity side and the negative
polarity side, thereby suppressing decrease in image quality.

In order to achieve the above object, another image
display device of the present invention is characterized by
including:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines arranged in respective
columns of the pixels;

a plurality of scanning signal lines arranged in respective

rows of the pixels;

a data signal line drive circuit for driving the plurality of
data signal lines by outputting thereto a signal potential in
synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving the plurality
of scanning signal lines by outputting thereto a scanning
signal in synchronization with a predetermined timing; and

a display section including the plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit,

wherein the data signal line drive circuit supplies a signal
potential to the plurality of data signal lines, samples a video
signal to which the vertical retrace interval supply potential
1s added in the vertical retrace interval, and supplies a signal
potential based on the sampling at least once.

According to the described arrangement, in the structure
with the data signal line drive circuit but without the
pre-charging circuit, the vertical retrace interval supply
potential is added to the video signal, and the resulting video
signal is sampled to be supplied to the data signal lines at
least once. As a result, pixel potential fluctuations can be
made uniform between the positive polarity side and the
negative polarity side, thereby suppressing decrease in
image quality.

In order to achieve the above object, a driving method of
the present invention for an image display device, which
includes:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines arranged in respective
columns of the pixels;

a plurality of scanning signal lines arranged in respective
rows of the pixels;

a data signal line drive circuit for driving the plurality of
data signal lines by outputting thereto a signal potential in
synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving the plurality
of scanning signal lines by outputting thereto a scanning
signal in synchronization with a predetermined timing sig-
nal;

a display section including the plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit; and

a pre-charging circuit for supplying a predetermined
pre-charge potential to the plurality of data signal lines
according to the pre-charge control signal from an external
section in a predetermined interval, is characterized by
including the step of:
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supplying in a vertical retrace interval, the pre-charge
potential or the signal potential to the data signal lines from
the pre-charging circuit or the data signal line drive circuit
at least once.

According to the above structure provided with the data
signal line drive circuit and the pre-charging circuit, the
pre-charge potential or the signal potential is supplied to the
data signal lines in the vertical retrace interval at least once.
As a result, pixel potential fluctuations can be made uniform
between the positive polarity side and the negative polarity
side, thereby suppressing decrease in image quality.

In order to achieve the above object, another driving
method of the present invention for an image display device
which includes:

a plurality of pixels arranged in a matrix form; a plurality
of data signal lines arranged in respective columns of the
pixels;

a plurality of scanning signal lines arranged in respective
rows of the pixels;

a data signal line drive circuit for driving the plurality of
data signal lines by outputting thereto a signal potential in
synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving the plurality
of scanning signal lines by outputting thereto a scanning
signal in synchronization with a predetermined timing sig-
nal; and

a display section including the plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit, is characterized by including the
step of

supplying a signal potential to the plurality of data signal
lines by the data signal line drive circuit, and sampling a
video signal to which vertical retrace interval supply poten-
tial is added in the vertical retrace interval, so as to supply
a signal potential based on the sampling to the data signal
lines at least once.

According to the described arrangement, in the structure
with the data signal line drive circuit but without the
pre-charging circuit, the vertical retrace interval supply
potential is added to the video signal, and the resulting video
signal is sampled to be supplied to the data signal lines at
least once. As a result, pixel potential fluctuations can be
made uniform between the positive polarity side and the
negative polarity side, thereby suppressing decrease in
image quality.

For a fuller understanding of the nature and advantages of
the invention, reference should be made to the ensuing
detailed description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a drive waveform (Example 1) of a liquid
crystal display device in accordance with one embodiment
of the present invention.

FIG. 2 shows a block diagram of an example structure of
the liquid crystal display device in accordance with one
embodiment of the present invention.

FIG. 3 is an explanatory view showing a drive waveform
(Example 2) of a liquid crystal display device in accordance
with one embodiment of the present invention.

FIG. 4 is an explanatory view showing a drive waveform
of a liquid crystal display device in accordance with another
embodiment of the present invention.
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FIG. 5 is an explanatory view showing a drive waveform
in accordance with still another embodiment of the present
invention.

FIG. 6 is an explanatory view showing a drive waveform
in accordance with still another embodiment of the present
invention.

FIG. 7 is a block diagram showing a schematic structure
of the liquid crystal display device in accordance with still
another embodiment of the present invention.

FIG. 8 is an explanatory view showing one example of a
drive wave system of the liquid crystal display device shown
in FIG. 7 of the present invention.

FIG. 9 is an explanatory view showing a drive waveform
of the liquid crystal display device in accordance with still
another embodiment of the present invention.

FIG. 10 is an explanatory view showing a drive waveform
of a liquid crystal display device in accordance with still
another embodiment of the present invention.

FIG. 11 is a block diagram showing a schematic structure
of a conventional liquid crystal display device.

FIG. 12 is an explanatory view showing a schematic
structure of pixel.

FIG. 13 is an explanatory view showing one example of
a drive waveform in the conventional structure of the liquid
crystal display device.

FIG. 14 is an explanatory view showing another example
of the conventional liquid crystal display device.

FIG. 15 is an explanatory view showing a schematic
structure of a polycrystalline thin film transistor which
constitutes a liquid crystal display device of the present
invention.

FIGS. 16(a) through 16(k) are explanatory views showing
the process of manufacturing polycrystalline thin film tran-
sistor.

DESCRIPTION OF THE EMBODIMENTS
First Embodiment

The following descriptions will explain one embodiment
of the present invention with reference to drawings.

FIG. 2 is a block diagram illustrating a schematic struc-
ture of an image display device in accordance with the
present embodiment. As shown in FIG. 2, the image display
device includes a data signal line drive circuit SD, a scan-
ning signal line drive circuit GD, a data signal line SDLn
(1=n=1), the scanning signal line GLn (1 =n=j), pixel PIX,
a control signal generating circuit CTL, and a preliminary
charging circuit PC. The structure of the pixel PIX section
is shown in FIG. 12.

As shown in FIG. 12, the pixel PIX includes a switching
element SW, a liquid crystal capacity CL and an auxiliary
capacity CS. One end of the capacitance which constitutes
the pixel PIX is connected to the data signal lines SDL via
the switching circuit. The other end of the capacitance is
connected to the common electrode called counter electrode
COM. Namely, the potential difference between the signal
potential written into the pixel PIX via the switching ele-
ment SW through the data signal lines SDL and the counter
potential VCOM is applied to liquid crystal, and the light
transmitted through and reflected from the liquid crystal is
modulated according to an effective voltage of the potential
being applied, thereby realizing various types of displays.

Additionally, the data signal line drive circuit SD, the
scanning signal line drive circuit GD, the preliminary charg-
ing circuit PC, and each switching element which constitutes
each pixel PIX are formed on the same substrate by a
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polycrystalline silicon thin film transistor manufactured at
temperatures not higher than 600° C.

FIG. 1 shows the drive waveform and fluctuations in pixel
potential PIXVodd and PIXVeven of the liquid crystal
capacitance CL and the subsidiary capacitance CS which
constitute the pixel PIX in accordance with one embodiment
of the present invention.

For the drive waveform shown in FIG. 1, it is assumed
that the same information on video signal with varying
polarity is stored in respective pixels in 1 vertical retrace
interval. FIG. 1 shows pixel potential PIXVodd of pixels
connected to odd-numbered scanning signal line GLodd,
and the pixel potential PIX Veven of the pixels connected to
even-numbered scanning signal line GLeven, the pre-charge
potential PCV, and potentials of the preliminary charging
control signal PCC, the data signal lines SDL, the video
signal DAT, and the counter potential VCOM.

In the present embodiment, the 1H inverse driving
method for switching the polarity of the video signal DAT at
every scanning signal line GL is adopted for the driving
method of liquid crystal, and the counter potential VCOM
applies a DC potential.

In this example, the preliminary charging potential PCV
shown in FIG. 1 has the same potential value from the
maximum amplitude of the positive polarity of video signal
and the maximum amplitude value of the negative polarity
of the video signal DAT.

The data signal line drive circuit SD, first, samples video
signals DAT of positive polarity into each data signal line
SDL by the sampling start signal SPS and the data clock
signal CKS.

On the other hand, the scanning signal drive circuit GD
sequentially outputs a scanning signal to the scanning signal
line GLn (1=n%j) by the scanning start signal SPG and the
scanning clock signal CKG, such that the switching element
SW of the pixel PIX connected to the scanning signal line
GL is selected, thereby writing sampled signal potential to
the data signal line. Then, the signal potential of positive
polarity is held in this pixel PIX.

Next, upon completing a selection of the scanning signal
line GIj by the scanning signal line drive circuit GD, the
pixel PIX is separated from the data signal line SDL by the
switching element SW. Thereafter, in the data signal line
SDL., a signal potential of positive polarity written by the
data signal line drive circuit SD is maintained. Then, the
pre-charging circuit PC writes in the data signal lines SDL
a pre-charge potential PCV of negative polarity, that is
identical with the video signal DAT of the negative polarity
to be rewritten in the data signal line drive circuit SD.

In the present embodiment, a pre-charge potential PCV
that is always in the same polarity as the next writing video
signal DAT is inputted to the pre-charging circuit PC at the
timing of the pre-charge control signal PCC. Here, the
pre-charge potential PCV is set to the maximum value of the
video signal DAT.

Then, upon inputting the pre-charge control signal PCC
and the pre-charge potential PCV, a pre-charge potential
PCV is inputted to each data signal line SDL according to
the pre-charge control signal PCC.

Upon completing the pre-charge of the pre-charge poten-
tial PCV with respect to the data signal lines SDL, the video
signal DAT of negative polarity is sampled in the data signal
line SDL. Here, in each data signal line SDL, the potential
of pre-charged negative polarity is held, and thus a video
signal DATA can be rewritten in the data signal line SDL as
desired with ease.
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When an attention is given to certain adjacent pixels in the
vertical direction, potential states are as indicated by PIX-
Vodd and PIXVeven in FIG. 1. After the video signals DAT
are written in pixels PIX at respective timings of scanning
signal lines GL, the potential of positive polarity is main-
tained in PIXVodd, and the potential of negative polarity is
held in PIXVeven. Rising parts of the waveform of PIXVodd
indicate portions where the signal potentials of positive
polarity are written into pixels connected to the scanning
signal line GLn, and the falling portions of the waveform
PIXVeven indicate portions where the signal potentials of
negative polarity are written in pixels PIX connected to the
scanning signal line GLn+1 1H after the signal is written
into the pixel connected to GLn.

Upon stopping the switching element SW by the scanning
signal, respective pixels PIX are separated from the data
signal line. To respective one ends of the liquid crystal
capacity CL and the auxiliary capacity CS which constitute
each pixel PIX, a counter potential VCOM is applied, and
one of the pixels is connected to the switching element SW,
and thus the pixel PIX is in the floating state. Further, a
parasitic capacity is formed between the pixel PIX and the
data signal line SDL, and the both are in the charge-coupled
state.

In the data signal line SDL, pre-charge potential PCV and
a signal polarity obtained by sampling the video signal DAT
of different polarities are written alternately at every 1H.
Therefore, the potential of the pixel PIX that is charge-
coupled with the data signal line SDL is subjected to a
change in potential every time the potential of the data signal
line SDL is changed as indicated by PIXVodd and PIX Veven
in FIG. 1.

In the case where both pixels are always affected by the
data signal line SDL at the same potential, for the display, by
adjusting the counter potential VCOM, decrease in quality
due to changes in pixel potential can be suppressed. During
the vertical retrace interval of the video signal, as explained
in the section “Prior Art”, in order to maintain the potential
of the data signal line SDL constant, uneven fluctuations are
applied to respective polarities of pixels PIX, and thus the
adjustment of counter potential VCOM does not offer sat-
isfactory solution for the decrease in image quality.

Upon completing writing operation into pixels for one
screen by the pre-charge potential control signal PCC and
the pre-charge potential PCV, as shown in FIG. 1, the
pre-charge potential PCV of both polarities are written once
each to the data signal line SDL in the vertical retrace
interval of the video signal by the function of the pre-charge
control signal PCC shown in FIG. 1.

In this case, the pixel potential fluctuations of the pixel
PIX can be maintained uniform by applying the pre-charge
potential PCV of a potential of each polarity video signal to
the data signal line SDL in the vertical retrace interval as
indicated by PIXVodd and PIXVeven in FIG. 1. Here, it is
desirable that the effective voltage value of each polarity
level potential supplied to the data signal line by the pre-
charge control signal PCC in the vertical retrace interval is
equivalent.

Here, a definition of the effective voltage value is given as
a value obtained by dividing an time integral of the square
of the voltage by an integral interval (time), and taking a
square root of the resulting value. For example, with a given
function of v={(t) wherein an arbitrary voltage v varies with
time t, with an interval of a time t from t1 to t2, and the time
difference T=(t2-tl). the effective voltage Vrms can be
indicated by the following formula:
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v r;Zfz(t)(dt
rms = E—
T

T=12-1l)

Assumed the function f(t) represents a rectangular wave-
form with an amplitude of 2V and a cycle of T. Then, if
respective time periods for positive polarity region and
negative polarity region with respect to the central voltage
value V of the waveform are both T/2, the effective voltage
value for the positive polarity region would be equivalent to
the effective voltage value for the negative polarity region.
Namely, in the case where the horizontal axis indicates time
and the vertical axis indicates voltage values, a region
surrounded by the difference between the central voltage
value of the waveform and the voltage waveform, and the
time period for the region indicates an effective voltage
value of a potential for a region of each polarity.

Equivalent effective voltage values for the positive polar-
ity region and the negative polarity region desirably indi-
cates the state where the difference in effective voltage
values for respective polarity regions is zero. However, this
difference in effective voltage values for respective polarity
regions does not need to be strictly zero as long as the
difference would not be a problem for a display of an image
in practical level. In order words, as long as the condition of
the difference in effective voltage values being smaller than
the displayable gray scale interval holds, the effects of the
present invention can be achieved.

For example, in the case of 256 gray scale display of a
rectangular waveform with a difference between the positive
polarity maximum amplitude value and the maximum nega-
tive polarity amplitude value of 10 V, a voltage difference for
one polarity is 5V. In the case of 256 gray scale display, a
potential difference for one scale is around 20 mV. Here,
explanations will be given through the case of the vertical
retrace interval (around 20H) for NTSC signal as a typical
example for a video signal. In this case, when the ratio of the
time period in which a voltage value of one polarity holds to
the time period in which a voltage value of the other polarity
holds is 1:1, the difference in effective voltage is 0. How-
ever, as long as the ratio of the time periods for respective
polarities is no larger than 13:7, a potential difference of one
gray scale would not be greater than 20 mV, and a problem
would not arise for gray scale display in practical level. This,
however, is on the assumption that the voltage differences
for respective polarities with respect to the central voltage of
the waveform are equivalent. Therefore, in the case where
the voltage difference for one polarity is greater than the
other with respect to the central voltage, the ratio of time
periods for respective polarities would differ from the above
range. It should be also noted here that the above-explained
range would differ also depending on the pixel capacitor or
the parasitic capacitor, and thus the range of the ratio for the
respective polarities of the present invention is not limited to
the above-range of from 1:1 to 13:7.

As shown in FIG. 3, the pre-charge potential PCV set to
be a potential equivalent from both the positive polarity
maximum amplitude value and the negative polarity maxi-
mum amplitude value of the video signal is applied to the
data signal line SDL in the vertical retrace interval. Namely,
by setting the central value (video center) of dynamic range
of the video signal DAT supplied to the data signal line drive
circuit SD of the liquid crystal display device to the pre-
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charge potential PCV during the vertical retrace interval,
uniform fluctuations in pixel potential can be achieved.

Second Embodiment

The following descriptions will describe another embodi-
ment of the present invention in reference to figures.

An image display device of the present embodiment has
the same structure as that of the above-explained image
display device of the first embodiment except that a pre-
charge potential PCV has an AC potential in synchronization
with 1 horizontal scan period (1H) of a video signal. A drive
waveform of this embodiment is shown in FIG. 4.

The drive waveform shown in FIG. 4 only differs from
that of the first embodiment only in AC period of the
pre-charge potential PCV and a timing of the pre-charge
control signal PCC, and a driving method and functions of
members which constitute the image display device are the
same as those of the first embodiment.

The structure of the present embodiment wherein a signal
of a predetermined cycle in synchronization with 1 horizon-
tal scan period (1H) is adopted for a signal of one kind, is
preferable over the structure wherein plurality of cycles are
adopted for a signal of one kind as the former structure
permits a simplified manufacturing process.

As shown in FIG. 4, signal potentials based on the
sampling of the video signal DAT are written in pixels for
one screen using the pre-charge potential PCV having an AC
potential in synchronization with the pre-charge control
signal PCC for 1H period. Upon completing this writing
operation, with the function of the pre-charge control signal
PCC shown in FIG. 4, in the vertical retrace interval of the
video signal DAT, a pre-charge potential PCV having poten-
tials of respective polarities for AC driving liquid crystals is
pre-charged to the data signal line SDL once for each
polarity.

In this case, the pixel potential fluctuations of the pixel
PIX can be maintained uniform by applying the pre-charge
potential PCV of a potential of each polarity video signal to
the data signal line SDL in the vertical retrace interval as
indicated by PIXVodd and PIXVeven in FIG. 4. Here, it is
desirable that the effective voltage value of each polarity
level potential supplied to the data signal line SDL using the
pre-charge control signal PCC in the vertical retrace interval
is equivalent. Here, the definition of the effective voltage
value is given as a value obtained by dividing a time integral
of the square of the voltage by an integral interval (time),
and taking a square root of the resulting value. For example,
with a given function of v=f(t) wherein an arbitrary voltage
v varies with time t, with an interval of a time t from t1 to
12, and the time difference T=(t2-t1), the effective voltage
Vrms can be defined by the following formula:

12
[ ], FAnd:
Vims= 4] 242 7~
rms T

T=@2-1l

Assumed the function f (t) represents a rectangular wave-
form with an amplitude of 2V and a cycle of T. Then, if
respective time periods for positive polarity region and
negative polarity region with respect to the central voltage
value V of the waveform are both T/2, the effective voltage
value for the positive polarity region would be equivalent to
the effective voltage value for the negative polarity region.
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Namely, in the case where the horizontal axis indicates time
and the vertical axis indicates voltage values, a region
surrounded by the difference between the central voltage
value of the waveform and the voltage waveform, and the
time period for the region indicates an effective voltage
value of a potential for a region of each polarity.

Equivalent effective voltage values for the positive polar-
ity region and the negative polarity region desirably indi-
cates the state where the difference in effective voltage
values for respective polarity regions is zero. However, this
difference in effective voltage values for respective polarity
regions does not need to be strictly zero as long as the
difference would not be a problem for a display of an image
in practical level. In order words, as long as the condition of
the difference in effective voltage values being smaller than
the displayable gray scale interval holds, the effects of the
present invention can be achieved.

For example, in the case of 256 gray scale display of a
rectangular waveform with a difference between the positive
polarity maximum amplitude value and the maximum nega-
tive polarity amplitude value of 10 V, a voltage difference for
one polarity is 5V. In the case of 256 gray scale display, a
potential difference for one scale is around 20 mV. Here,
explanations will be given through the case of the vertical
retrace interval (around 20H) for NTSC signal as a typical
example for a video signal. In this case, when the ratio of the
time period in which a voltage value of one polarity holds to
the time period in which a voltage value of the other polarity
holds is 1:1, the difference in effective voltage is 0. How-
ever, as long as the ratio of the time periods for respective
polarities is no larger than 13:7, a potential difference of one
gray scale would not be greater than 20 mV, and a problem
would not arise for gray scale display in practical level. This,
however, is on the assumption that the voltage differences
for respective polarities with respect to the central voltage of
the waveform are equivalent. Therefore, in the case where
the voltage difference for one polarity is greater than the
other with respect to the central voltage, the ratio of time
periods for respective polarities would differ from the above
range. It should be also noted here that the above-explained
range would differ also depending on the pixel capacitor or
the parasitic capacitor, and thus the range of the ratio for the
respective polarities of the present invention is not limited to
the above-range of from 1:1 to 13:7.

Third Embodiment

The following descriptions will describe still another
embodiment of the present invention in reference to figures.

The image display device of the present embodiment has
the same basic structure as the first embodiment except for
the following.

That is in the present embodiment, the pre-charge poten-
tial PCV in the vertical retrace interval is an AC potential of
not less than 50 percent of the maximum value of the video
signal of positive polarity, and not less than 50 percent of the
maximum value of the video signal of negative polarity. The
waveforms of respective members are as shown in FIG. 5.

The drive waveforms shown in FIG. 5 differ from those
of the second embodiment only in the pre-charge potential
PCV in the vertical retrace interval. The present embodiment
has the same arrangement as the second embodiment in the
driving method and functions of the members.

According to the arrangement of the present embodiment,
a suitable potential of the pre-charge potential PCV during
the vertical retrace interval can be selected for the level of
pixel potential fluctuations. As shown in FIG. 5, for the
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pre-charge potential PCV having a potential of each polarity
for driving liquid crystals with an AC voltage, a pre-charge
potential PCV of not less than 50 percent of the maximum
value of the video signal in positive polarity, and not less
than 50 percent of the maximum value of the video signal in
negative polarity is selected, and upon completing a writing
operation of the signal potential as a result of sampling the
video signal DAT into the pixels of one screen, with the
function of the pre-charge control signal PCC shown in FIG.
5, the video signal line SDL is pre-charged with the pre-
charge potential PCV once for each polarity.

In this case, as indicated by the pixel PIXVodd and the
potential PIXeven in the vertical retrace interval shown in
FIG. 5, the pixel potential fluctuations of the pixel PIX can
be maintained uniform by applying the pre-charge potential
PCV of a potential of each polarity video signal to the data
signal line SDL. Here, it is desirable that the effective
voltage value of each polarity level potential supplied to the
data signal line by the pre-charge control signal PCC in the
vertical retrace interval is equivalent. Here, a definition of
the effective voltage value is given as a value obtained by
dividing an time integral of the square of the voltage by an
integral interval (time), and taking a square root of the
resulting value. For example, with a given function of v=1£(t)
wherein an arbitrary voltage v varies with time t, with an
mterval of a time t from t1 to t2, and the time difference
T=(t2-t1), the effective voltage Vrms can be indicated by the
following formula:

Vs | [ rrode
ms = T

T=2-1l)

Assumed the function f(t) represents a rectangular wave-
form with an amplitude of 2V and a cycle of T. Then, if
respective time periods for positive polarity region and
negative polarity region with respect to the central voltage
value V of the waveform are both T/2, the effective voltage
value for the positive polarity region would be equivalent to
the effective voltage value for the negative polarity region.
Namely, in the case where the horizontal axis indicates time
and the vertical axis indicates voltage values, a region
surrounded by the difference between the central voltage
value of the waveform and the voltage waveform, and the
time period for the region indicates an effective voltage
value of a potential for a region of each polarity.

Fquivalent effective voltage values for the positive polar-
ity region and the negative polarity region desirably indi-
cates the state where the difference in effective voltage
values for respective polarity regions is zero. However, this
difference in effective voltage values for respective polarity
regions does not need to be strictly zero as long as the
difference would not be a problem for a display of an image
in practical level. In order words, as long as the condition of
the difference in effective voltage values being smaller than
the displayable gray scale interval holds, the effects of the
present invention can be achieved.

For example, in the case of 256 gray scale display of a
rectangular waveform with a difference between the positive
polarity maximum amplitude value and the maximum nega-
tive polarity amplitude value of 10V, a voltage difference for
one polarity is 5V. In the case of 256 gray scale display, a
potential difference for one scale is around 20 mV. Here,
explanations will be given through the case of the vertical
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retrace interval (around 20H) for NTSC signal as a typical
example for a video signal. In this case, when the ratio of the
time period in which a voltage value of one polarity holds to
the time period in which a voltage value of the other polarity
holds is 1:1, the difference in effective voltage is 0. How-
ever, as long as the ratio of the time periods for respective
polarities is no larger than 13:7, a potential difference of one
gray scale would not be greater than 20 mV, and a problem
would not arise for gray scale display in practical level. This,
however, is on the assumption that the voltage differences
for respective polarities with respect to the central voltage of
the waveform are equivalent. Therefore, in the case where
the voltage difference for one polarity is greater than the
other with respect to the central voltage, the ratio of time
periods for respective polarities would differ from the above
range. It should be also noted here that the above-explained
range would differ also depending on the pixel capacitor or
the parasitic capacitor, and thus the range of the ratio for the
respective polarities of the present invention is not limited to
the above-range of from 1:1 to 13:7.

Fourth Embodiment

The following descriptions will explain still another
embodiment of the present invention with reference to
drawings.

The basic structure of the liquid crystal device of the
present embodiment is the same as that of the first embodi-
ment. The derive waveform of the present embodiment is
shown in FIG. 6. The driving method of the present embodi-
ment is based on the driving method of the first embodiment,
and is arranged as follows.

A vertical retrace interval supply potential set to a poten-
tial equivalent from both the positive polarity maximum
amplitude value and the negative polarity maximum ampli-
tude value of the video signal DAT is added to a video signal
DATA in the vertical retrace interval of the video signal
DAT, and the data signal line drive circuit SD samples the
resulting signal DAT, and the signal potentials of the video
signal DAT as a result of sampling are supplied to the data
signal line SDL at least once. As a result, the pre-charging
circuit PC and the scanning signal line drive circuit GD are
stopped operating during the vertical retrace interval, and the
data signal line drive circuit SD is activated at least once to
supply signal potentials to the data signal line SDL using
data sampling start signal SPS.

As explained earlier in the first embodiment, the data
signal line drive circuit SD has a function of sampling and
supplying the video signal DAT to each data signal line SDL
using the data sampling start signal SPS and the data clock
signal CKS received from the control signal generating
circuit CTL shown in FIG. 2. With the described function of
the data signal line drive circuit SD, pixel potential fluctua-
tions can be suppressed without the pre-charging circuit PC.

As shown in FIG. 6, upon completing writing of video
signals into pixels for one screen, based on the sampling
start signal SPS as applied in the vertical retrace interval, a
vertical retrace interval supply potential that has a potential
value equivalent from the positive polarity maximum ampli-
tude value and the negative polarity maximum amplitude
value of the video signal is added to the video signal DAT
in the vertical retrace interval, and the potentials of the
resulting video signal DAT based on the sampling are
supplied to the data signal line SDL.

In this case, as indicated by PIXVodd and PIXVeven
shown in FIG. 6, fluctuations in potential of pixels can be
maintained uniform by sampling the video signal DAT to
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which a potential which is equivalent from both the positive
maximum amplitude value and the negative maximum
amplitude value of the video signal DAT is added in the
vertical retrace interval as a vertical retrace interval supply
potential, and supplying signal potentials to the data signal
line SDL based on the sampling.

With the forgoing structure of the driving method of the
present embodiment, the effects of the present invention can
be achieved without a pre-charging circuit like the case of
FIG. 7.

Fifth Embodiment

The following descriptions will explain still another
embodiment of the present invention with reference to
drawings.

The driving method of the present embodiment is applied
to a liquid crystal display device without a pre-charging
circuit PC.

FIG. 7 is a block diagram showing a schematic structure
of the liquid crystal display device of the present embodi-
ment. The data signal line drive circuit SD, the scanning
signal line drive circuit GD, and the pixels PIX of the present
embodiment are the same as those of the first embodiment.
The drive waveform of the present embodiment is shown in
FIG. 8 which is almost the same as the drive waveform
shown in FIG. 4 except for the following.

In the case of FIG. 4, in the vertical retrace interval, the
pre-charge potential PCV is inverted, and in the meantime,
the pre-charge control signal PCC is applied to the data
signal line SDL so as to invert the polarity of signal
potentials applied to the data signal line SDL so as to
maintain pixel potential fluctuations uniform.

In contrast, in the cases of FIGS. 7 and 8 without the
pre-charging circuit PC, in the vertical retrace interval, the
positive polarity maximum potential and the negative polar-
ity maximum potential of the video signal DAT are added to
the video signal DAT as the vertical retrace interval supply
potential, and the data sampling start signal is supplied to the
data signal line drive circuit SD in the vertical retrace
interval so as to vary the polarities of the signal potentials to
be applied to the data signal line SDL in the vertical retrace
interval, thereby maintaining the pixel potential fluctuations
uniform as indicated by variable waveform of pixel poten-
tials PIXVodd and PIXVeven shown in FIG. 8.

The forgoing driving method of the present embodiment
for sampling the potential added to the video signal DAT in
the vertical retrace interval as the vertical retrace interval
supply potential, and applying signal potentials based on the
sampling to the data signal line SDL is applicable also for
the driving of the image display device provided with the
pre-charging circuit PC shown in FIG. 2.

Sixth Embodiment

The following descriptions will explain still another
embodiment of the present invention with reference to
drawings.

FIG. 7 is a block diagram showing a schematic structure
of the liquid crystal display device in accordance with the
present embodiment. As shown in FIG. 7, the data signal line
drive circuit SD, the scanning signal line drive circuit GD,
and the pixels PIX of the present embodiment are the same
as those of the first embodiment. The drive waveform of the
present embodiment is shown in FIG. 9 which is almost the
same as the drive waveform shown in FIG. 5 except for the
following.
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In the driving method shown in FIG. 5, the pre-charge
potential PCV of not less than 50 percent of the maximum
value of the video signal DAT in positive polarity, and not
less than 50 percent of the maximum value of the video
signal DAT in negative polarity, and the pre-charge control
signal PCC are added to the pre-charging circuit PC so as to
invert polarities of signal potentials to be supplied to the data
signal line SDL, thereby maintaining fluctuations in pixel
potential uniform.

In contrast, in the cases of FIGS. 7 and 9 without the
pre-charging circuit PC, in the vertical retrace interval, AC
potential of not less than 50 percent of the maximum value
of the video signal DAT in positive polarity, and not less than
50 percent of the maximum value of the video signal DAT
in negative polarity are added to the video signal DAT, and
the data sampling start signal SPS is added to the data signal
lien drive circuit SD in the vertical retrace interval, so as to
vary polarities of signal potentials to be applied to the data
signal line SDL in the vertical retrace interval, thereby
maintaining the pixel potential fluctuations uniform as indi-
cated by variable waveform of pixel potential PIXVodd and
PIXVeven of the pixel potentials shown in FIG. 9.

The forgoing driving method of the present embodiment
for sampling the potential added to the video signal DAT in
the vertical retrace interval as the vertical retrace interval
supply potential, and applying signal potentials based on the
sampling to the data signal line SDL is applicable also for
the driving of the image display device provided with the
pre-charging circuit PC shown in FIG. 2.

Seventh Embodiment

The following descriptions will explain still another
embodiment of the present invention with reference to
drawings.

In the present embodiment, explanations will be given
through the case of adopting an AC potential for the counter
potential VCOM. The liquid crystal display device of the
present embodiment has a drive waveform shown in FIG.
10. In the case of FIG. 10, the video signal DAT to which a
potential equivalent from both the positive polarity maxi-
mum amplitude value of the video signal and the negative
polarity maximum amplitude value of the video signal is
added in the vertical retrace interval is sampled, and signal
potentials based on the sampling are added to the data signal
lien SDL.

In this case, as indicated by PIXVodd and PIXVeven
shown in FIG. 10, fluctuations in potential of pixels can be
maintained uniform by sampling the video signal DAT to
which a potential which is equivalent from both the positive
maximum amplitude value and the negative maximum
amplitude value of the video signal DAT is added in the
vertical retrace interval as a vertical retrace interval supply
potential, and supplying signal potentials to the data signal
line SDL based on the sampling.

The forgoing driving method of the present embodiment
for sampling the potential added to the video signal DAT in
the vertical retrace interval as the vertical retrace interval
supply potential, and applying signal potentials based on the
sampling to the data signal line SDL is applicable to both the
case provided with the pre-charging circuit PC (FIG. 2) and
the case without the pre-charging circuit PC (FIG. 7).

[Structure of Image Display Device]

The structure of the image display device adopted in the
first through seventh embodiments of the present invention
will be explained in reference to figures. FIG. 2 is a block
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diagram showing a schematic structure of the image display
device of the present invention. As shown in FIG. 2, the
image display device includes pixels PIX, the data signal
line drive circuit SD, the scanning signal line drive circuit
GD and the pre-charging circuit PC which are formed on the
same substrate SUB (driver monolithic structure), and is
driven by signals from the control signal generating circuit
CTL.

The pre-charging circuit PC, the data signal line drive
circuit SD and the scanning signal line drive circuit GD are
formed substantially to the length of a screen (display
region).

According to this structure of forming pixels PIX, the data
signal line drive circuit SD, the scanning signal line drive
circuit GD and the pre-charging circuit PC on the same
substrate SUB, the manufacturing cost and the mounting
cost of the drive circuits can be reduced, and moreover an
improved reliability can be achieved.

FIG. 15 shows a structure of a polycrystalline silicon thin
film transistor which constitutes the image display device of
the present invention. As shown in FIG. 15, the polycrys-
talline silicon thin film has a pure stagger structure (top gate
structure); however, the present invention is not limited to
this structure, and other structure such as inverse stagger
structure, etc., may be adopted.

By adopting the polycrystalline silicon thin film transistor,
the pre-charging circuit PC, the scanning signal line drive
circuit GD and the data signal line drive circuit SD can be
formed on the same substrate SUB in the same manufac-
turing process.

FIGS. 16(a) through 16(k) show the manufacturing pro-
cesses of the polycrystalline silicon thin film transistor. The
following will briefly explain the manufacturing process in
the case of forming the polycrystalline silicon thin film
transistor at temperatures not higher than around 600° C.
FIGS. 16(a) through 16(%) show cross-sections in respective
processes.

As shown in FIG. 16(a), first, an insulating substrate made
of glass, etc., is forme with ease. Then, as shown in FIG.
16(b), an amorphous silicon thin film (a-Si), etc., is formed
on the substrate. Next, as shown in FIG. 16(c), an excimer
laser is projected on the film formed on the substrate so as
to form the polycrystalline silicon thin film (poly-Si). Next,
as shown in Figure (d), the polycrystalline silicon thin film
is patterned in a shape as desired. Then, as shown in Figure
(), the gate electrode of the thin film transistor is formed.
Further, as shown in FIG. 16(f), the gate electrode of the thin
film transistor is formed by aluminum, or the like. Subse-
quently, as shown in FIG. 16(g) and FIG. 16(%), impurities
are injected in the thin film and the source and drain regions
(phosphorus ion P for the n-type region, and boron ion B for
the p-type region). In the regions where the impurities are
not injected, a resist is formed. These source and drain
regions are formed into a source electrode and a drain
electrode respectively. Subsequently, as shown in FIG. 16(5),
an inter-layer insulating film made from silicon dioxide or
silicon nitride or the like is formed thereon. Then, as shown
in FIG. 16(j), contact holes are formed in the inter-layer
insulating film and the gate insulating film Lastly, as shown
in FIG. 16(k), metal wires made from aluminum are formed.
In this process, the highest temperature throughout the
process is 600° C. in the gate insulating film forming step,
a high temperature resistant glass such as Corning 1737
available from the Corning Co., Ltd., in the United States
may be formed.
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In the liquid crystal display device, via another inter-layer
insulating film, a transparent electrode for the transmissive
type or a reflective electrode for the reflective type is
formed.

According to the manufacturing process shown in FIG.
16, the polycrystalline silicon thin film transistor can be
manufactured at temperatures not more than around 600° C.
Therefore, generally used glass substrate (a glass strain point
of not more than 600° C.) without warpage or buckling. This
permits the mounting process to be performed with ease, and
a large area glass substrate can be manufactured at low costs,
thereby obtaining an image display device of a large area at
low costs.

According to the above structure, the data signal line drive
circuit SD, the scanning signal line drive circuit GD, and
pixels PIX all include switching elements SW made of a
polycrystalline silicon thin film. Therefore, an enlargement
of a display area can be achieved with ease. Furthermore, the
above members can be formed on the same substrate, the
manufacturing process can be simplified, and the capaci-
tances of respective signals can be reduced. Additionally, by
adopting the pre-charging circuit PC, the scanning signal
line drive circuit GD and the data signal line drive circuit
SD, the circuit structure can be reduced in size which
permits reduction in frame area and power consumption.

As described, the first image display device of the present
invention is characterized by including:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines disposed in respective
columns of the pixels;

a plurality of scanning signal lines disposed in respective
rows of the pixels;

a data signal line drive circuit for driving the plurality of
data signal lines by outputting thereto a signal potential in
synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving the plurality
of scanning signal lines by outputting thereto a scanning
signal in synchronization with a predetermined timing sig-
nal;

a display section including the plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal as inputted to the data signal
line drive circuit; and

a pre-charging circuit for applying a predetermined pre-
charge potential to the plurality of data signal lines based on
the pre-charge control signal from an external section at a
predetermined interval,

wherein in a vertical retrace interval, the pre-charge
potential or the signal potential is supplied to the data signal
line from the pre-charging circuit or the data signal line drive
circuit at least once.

According to the above structure provided with the data
signal line drive circuit and the pre-charging circuit, the
pre-charge potential or the signal potential is supplied to the
data signal lines in the vertical retrace interval at least once.
As a result, pixel potential fluctuations can be made uniform
between the positive polarity side and the negative polarity
side, thereby suppressing decrease in image quality.

The second image display device having the structure of
the first image display device of the present invention is
characterized in that: in the vertical retrace interval, the
pre-charge potential is supplied from the pre-charging cir-
cuit to the data signal line at least once with respect to each
polarity of an AC voltage for driving liquid crystals.

According to the described structure, in the vertical
retrace interval, the pre-charge potential is supplied to the
data signal line at least once with respect to each polarity of
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an AC voltage for driving liquid crystals. As a result, pixel
potential fluctuations can be made uniform between the
positive polarity side and the negative polarity side, thereby
suppressing decrease in image quality.

The third image display device having the structure of the
first image display device is characterized in that the display
section includes liquid crystals, and in the vertical retrace
interval, the pre-charge potential of a potential that is
equivalent to a maximum amplitude value of the video
signal of the positive polarity and to a maximum amplitude
value of the video signal of negative polarity in AC driving
the liquid crystals is supplied once to each data signal line
from the pre-charging circuit.

According to the described arrangement, the pre-charge
potential having an equivalent potential value from the
maximum amplitude value of the video signal of the positive
polarity and from the maximum amplitude value of the
video signal of negative polarity of an AC voltage for
driving the liquid crystals is supplied to each data signal line
at least once in the vertical retrace interval. As a result, pixel
potential fluctuations can be made uniform between the
positive polarity side and the negative polarity side, and
moreover, with a minimum required pre-charge of the data
signal line, decrease in image quality can be suppressed
without significantly increasing power consumption.

The fourth image display device having the structure of
the first image display device of the present invention is
characterized in that:

the pre-charge potential to be inputted to the pre-charging
circuit for supplying it from the pre-charge circuit to the data
signal line is an AC potential of 1 horizontal scan period.

According to the described arrangement, the pre-charge
potential to be applied to the pre-charging circuit is sub-
jected to polarity inversion at 1 horizontal scan period
(hereinafter referred to as 1H) also in the vertical retrace
interval. As a result, simplified drive circuit can be achieved.

The fifth image display device having the structure of the
first image display device of the present invention is char-
acterized in that the display section includes liquid crystals,
and in the vertical retrace interval, a pre-charge potential of
not less than 50 percent of a maximum value of the video
signal of positive polarity and not less than 50 percent of the
video signal of negative polarity in AC driving the liquid
crystals is supplied from the pre-charging circuit to each data
signal line.

According to the described structure, a pre-charge poten-
tial of not less than 50 percent of the maximum value of the
video signal of positive polarity and not less than 50 percent
of the video signal of the maximum value of negative
polarity is supplied. Therefore, an appropriate potential can
be selected according to the level of the pixel potential
fluctuations, and the fluctuations in pixel potential can be
made uniform between the positive polarity side and the
negative polarity side. Moreover, with an minimum required
pre-charge, decrease in image quality can be suppressed
without significantly increasing power consumption.

The sixth image display device having the structure of the
first image display device of the present invention is char-
acterized in that:

a video signal to which a predetermined vertical retrace
interval supply potential in the vertical retrace interval is
sampled in the data signal line drive circuit, and a signal
potential based on the sampling is supplied from the data
signal line drive circuit to the each data signal line.

According to the described arrangement, a video signal to
which an arbitrary vertical retrace interval supply potential
in the vertical retrace interval is added is sampled, and the
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video signal as sampled is supplied to the data signal line at
least once. As a result, pixel potential fluctuations can be
made uniform between the positive polarity side and the
negative polarity side, thereby suppressing decrease in
image quality.

The seventh image display device of the present invention
is characterized by including:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines arranged in respective
columns of the pixels;

a plurality of scanning signal lines arranged in respective
rows of the pixels;

a data signal line drive circuit for driving the plurality of
data signal lines by outputting thereto a signal potential in
synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving the plurality
of scanning signal lines by outputting thereto a scanning
signal in synchronization with a predetermined timing sig-
nal; and

a display section including the plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit,

wherein the data signal line drive circuit supplies a signal
potential to the plurality of data signal lines, samples a video
signal to which the vertical retrace interval supply potential
is added in the vertical retrace interval, and supplies a signal
potential based on the sampling at least once. As a result,
pixel potential fluctuations can be made uniform between
the positive polarity side and the negative polarity side,
thereby suppressing decrease in image quality.

According to the described arrangement, in the structure
with the data signal line drive circuit but without the
pre-charging circuit, the vertical retrace interval supply
potential is added to the video signal, and the resulting video
signal is sampled to be supplied to the data signal line at least
once. As a result, pixel potential fluctuations can be made
uniform between the positive polarity side and the negative
polarity side, thereby suppressing decrease in image quality.

The eighth image display device having the structure of
the seventh image display device of the present invention is
characterized in that:

the display section includes liquid crystals, and

in the vertical retrace interval, the vertical retrace interval
supplying potential to be added to the video signal is varied
with respect to each polarity at least once in AC driving
liquid crystals, and a signal potential resulting from sam-
pling the video signal is supplied from the data signal line
drive circuit to each data signal line.

According to the described arrangement, in the vertical
retrace interval, a signal potential is supplied to the data
signal line at least once with respect to respective polarities
of an AC voltage for driving liquid crystals. As a result, pixel
potential fluctuations can be made uniform between the
positive polarity side and the negative polarity side, thereby
suppressing decrease in image quality.

The ninth image display device having the structure of the
seventh or eighth image display device of the present
invention is characterized in that:

the display section includes liquid crystals, and

the vertical retrace interval supply potential is equivalent
to a maximum amplitude value of the video signal of the
positive polarity and to a maximum amplitude value of the
video signal of negative polarity in AC driving the liquid
crystals.

According to the described arrangement, the vertical
retrace interval supply potential has an equivalent potential
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value both from the maximum amplitude value in positive
polarity and the maximum amplitude value in negative
polarity of the video signal. As a result, fluctnations in pixel
potential can be made uniform between the positive polarity
side and the negative polarity side. Moreover, with an
minimum required pre-charge, decrease in image quality can
be suppressed without significantly increasing power con-
sumption.

The tenth image display device having the structure of the
seventh or eighth image display device of the present
invention is characterized in that

the display section includes liquid crystals, and the ver-
tical retrace interval supplying potential is an AC potential
of 1 horizontal scan period.

According to the described arrangement, the vertical
retrace interval supply potential is subjected to polarity
inversion for 1H, simplified drive circuit can be achieved.

The eleventh image display device having the structure of
the seventh or eighth image display device of the present
invention is characterized in that:

the display section includes liquid crystals, and

in the vertical retrace interval, the vertical retrace interval
supply interval is not less than 50 percent of a maximum
value of the video signal of positive polarity and not less
than 50 percent of the video signal of negative polarity in AC
driving the liquid crystals.

According to the described structure, a pre-charge poten-
tial of not less than 50 percent of a maximum value of the
video signal of positive polarity and not less than 50 percent
of the video signal of negative polarity is supplied. There-
fore, an appropriate potential can be selected according to
the level of the pixel potential fluctuations, and the fluctua-
tions in pixel potential can be made uniform between the
positive polarity side and the negative polarity side. More-
over, with an minimum required pre-charge, decrease in
image quality can be suppressed without significantly
increasing power consumption.

According to the twelfth image display device having the
structure of the seventh image display device is character-
ized in that:

effective voltage values of respective levels supplied to
the data signal line during the vertical retrace interval
according to the pre-charge potential, the vertical retrace
interval supply potential or a signal potential are equivalent.

According to the described arrangement, the respective
effective voltage values having potentials of respective
levels supplied to the data signal line during the vertical
retrace interval according to the pre-charge potential, the
vertical retrace interval supply potential or the signal level
are equivalent among respective levels. As a result, pixel
potential fluctuations can be made uniform between the
positive polarity side and the negative polarity side, thereby
suppressing decrease in image quality without significantly
increasing power consumption.

As described, the first driving method for an image
display device, which includes:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines arranged in respective
columns of the pixels;

a plurality of scanning signal lines arranged in respective
rows of the pixels;

a data signal line drive circuit for driving the plurality of
data signal lines by outputting thereto a signal potential in
synchronization with a predetermined timing signal;
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a scanning signal line drive circuit for driving the plurality
of scanning signal lines by outputting thereto a scanning
signal in synchronization with a predetermined timing sig-
nal;

a display section including the plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit; and

a pre-charging circuit for supplying a predetermined
pre-charge potential to the plurality of data signal lines
according to the pre-charge control signal from an external
section in a predetermined interval, is characterized by
including the step of:

supplying in a vertical retrace interval, the pre-charge
potential or the signal potential to the data signal line from
the pre-charging circuit or the data signal line drive circuit
at least once.

According to the above structure provided with the data
signal line drive circuit and the pre-charging circuit, the
pre-charge potential or the signal potential is supplied to the
data signal line in the vertical retrace interval at least once.
As a result, pixel potential fluctuations can be made uniform
between the positive polarity side and the negative polarity
side, thereby suppressing decrease in image quality.

The second driving method of the present invention for an
image display device which includes:

a plurality of pixels arranged in a matrix form; a plurality
of data signal lines arranged in respective columns of the
pixels;

a plurality of scanning signal lines arranged in respective
rows of the pixels;

a data signal line drive circuit for driving the plurality of
data signal lines by outputting thereto a signal potential in
synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving the plurality
of scanning signal lines by outputting thereto a scanning
signal in synchronization with a predetermined timing sig-
nal; and

a display section including the plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit, is characterized by including the
step of:

supplying a signal potential to the plurality of data signal
lines by the data signal line drive circuit, and sampling a
video signal to which vertical retrace interval supply poten-
tial is added in the vertical retrace interval, so as to supply
a signal potential based on the sampling to the data signal
line at least once.

According to the described arrangement, in the structure
with the data signal line drive circuit but without the
pre-charging circuit, the vertical retrace interval supply
potential is added to the video signal, and the resulting video
signal is sampled to be supplied to the data signal line at least
once. As a result, pixel potential fluctuations can be made
uniform between the positive polarity side and the negative
polarity side, thereby suppressing decrease in image quality.

The third driving method having the structure of the first
or second driving method of the present invention is char-
acterized in that:

the display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential or
signal potential is supplied to respective polarities at least
once in AC driving the liquid crystals.

According to the described structure, in the vertical
retrace interval, the pre-charge potential is supplied to the
data signal line at least once with respect to each polarity of
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an AC voltage for driving liquid crystals. As a result, pixel
potential fluctuations can be made uniform between the
positive polarity side and the negative polarity side, thereby
suppressing decrease in image quality.

The fourth driving method having the structure of the first
or second driving method of the present invention is char-
acterized in that:

the display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential or
the signal potential supplied to each data signal line is
equivalent to a maximum amplitude value of the video
signal of the positive polarity and to a maximum amplitude
value of the video signal of negative polarity in AC driving
the liquid crystals.

According to the described arrangement, the pre-charge
potential having an equivalent potential value from the
maximum amplitude value of the video signal of the positive
polarity and from the maximum amplitude value of the
video signal of negative polarity of an AC voltage for
driving the liquid crystals is supplied to each data signal line
at least once in the vertical retrace interval. As a result, pixel
potential fluctuations can be made uniform between the
positive polarity side and the negative polarity side, and
moreover, with a minimum required pre-charge of the data
signal line, decrease in image quality can be suppressed
without significantly increasing power consumption.

The fifth driving method having the structure of the first
or second driving method of the present invention is char-
acterized in that:

the pre-charge potential or the vertical retrace interval
supplying potential in the vertical retrace interval is an AC
potential of 1 horizontal scan period.

According to the described arrangement, the pre-charge
potential to be applied to the pre-charging circuit is sub-
jected to polarity inversion at 1 horizontal scan period
(hereinafter referred to as 1H) also in the vertical retrace
interval. As a result, simplified drive circuit can be achieved.

The sixth driving method having the structure of the first
through third or fifth driving method of the present invention
is characterized in that:

the display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential or
the signal potential to be supplied to each data signal line is
not less than 50 percent of a maximum value of the video
signal of positive polarity and not less than 50 percent of the
video signal of negative polarity in AC driving the liquid
crystals.

According to the described structure, a pre-charge poten-
tial of not less than 50 percent of the maximum value of the
video signal of positive polarity and not less than 50 percent
of the video signal of the maximum value of negative
polarity is supplied. Therefore, an appropriate potential can
be selected according to the level of the pixel potential
fluctuations, and the fluctuations in pixel potential can be
made uniform between the positive polarity side and the
negative polarity side. Moreover, with an minimum required
pre-charge, decrease in image quality can be suppressed
without significantly increasing power consumption.

The embodiments and concrete examples of implemen-
tation discussed in the foregoing detailed explanation of the
present invention serve solely to illustrate the technical
contents of the present invention, which should not be
narrowly interpreted within the limits of such concrete
examples, but rather may be applied in many variations
without departing from the spirit of the present invention
and the scope of the patent claims set forth below.
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What is claimed is:

1. An image display device, comprising:

a plurality of pixels disposed in a matrix form;

a plurality of data signal lines disposed in respective
columns of the pixels;

a plurality of scanning signal lines disposed in respective
rows of the pixels;

a data signal line drive circuit for driving said plurality of
data signal lines by outputting thereto a signal potential
in synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving said plu-
rality of scanning signal lines by outputting thereto a
scanning signal in synchronization with a predeter-
mined timing signal;

a display section including said plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal inputted to the data
signal line drive circuit; and

a pre-charging circuit for supplying a predetermined
pre-charge potential to said plurality of data signal lines
according to the pre-charge control signal from an
external section at a predetermined interval,

wherein in a vertical retrace interval, the pre-charge
potentials of positive and negative polarities are each
supplied in a lump sum to said data signal line from
said pre-charging circuit at least once.

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

wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential is
supplied from said pre-charging circuit to said data
signal line at least once with respect to each polarity of
an AC voltage for driving liquid crystals.

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

wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential of
a potential that is equivalent to a maximum amplitude
value of the video signal of the positive polarity and to
a maximum amplitude value of the video signal of
negative polarity in AC driving the liquid crystals is
supplied once to each data signal line from said pre-
charging circuit.

4. The image display device as set forth in claim 1,

wherein:

said pre-charge potential to be inputted to said pre-
charging circuit for supplying it from said pre-charging
circuit to said data signal line is an AC potential of 1
horizontal scan period.

5. The image display device as set forth in claim 1,

wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, a pre-charge potential of
not less than 50 percent of a maximum value of the
video signal of positive polarity and not less than 50
percent of the video signal of negative polarity in AC
driving the liquid crystals is supplied from said pre-
charging circuit to each data signal line.

6. The image display device as set forth in claim 1,

wherein:

effective voltage values of respective levels supplied to
said data signal line during the vertical retrace interval
according to the pre-charge potential or the vertical
retrace interval supply potential are equivalent.
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7. The image display device as set forth in claim 1,

wherein:

said display section includes liquid crystals, and

the vertical retrace interval supplying potential is an AC
potential of 1 horizontal scan period.

8. An image display device, comprising:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines arranged in respective
columns of the pixels;

a plurality of scanning signal lines arranged in respective
rows of the pixels;

a data signal line drive circuit for driving said plurality of
data signal lines by outputting thereto a signal potential
in synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving said plu-
rality of scanning signal lines by outputting thereto a
scanning signal in synchronization with a predeter-
mined timing signal; and

a display section including said plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit,

wherein said data signal line drive circuit supplies a signal
potential to said plurality of data signal lines, samples
a video signal to which the vertical retrace interval
supply potential is added by supplying a data sampling
start signal to said data signal line drive circuit in the
vertical retrace interval, and supplies a signal potential
based on the sampling at least once.

9. The image display device as set forth in claim 8,

wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, the vertical retrace interval
supplying potential to be added to the video signal is
varied with respect to each polarity at least once in AC
driving liquid crystals, and a signal potential resulting
from sampling the video signal is supplied from the
data signal line drive circuit to each data signal line.

10. The image display device as set forth in claim 8,

wherein:

said display section includes liquid crystals, and

the vertical retrace interval supply potential is equivalent
to a maximum amplitude value of the video signal of
the positive polarity and to a maximum amplitude value
of the video signal of negative polarity in AC driving
the liquid crystals.

11. The image display device as set forth in claim 8§,

wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, the vertical retrace interval
supply interval is not less than 50 percent of a maxi-
mum value of the video signal of positive polarity and
not less than 50 percent of the video signal of negative
polarity in AC driving the liquid crystals.

12. The image display device as set forth in claim 8,

wherein:

effective voltage values of respective levels supplied to
said data signal line during the vertical retrace interval
according to the pre-charge potential, the vertical
retrace interval supply potential or a signal potential are
equivalent.

13. A driving method for an image display device, which

comprises:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines arranged in respective
columns of the pixels;
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a plurality of scanning signal lines arranged in respective
rows of the pixels;

a data signal line drive circuit for driving said plurality of
data signal lines by outputting thereto a signal potential
in synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving said plu-
rality of scanning signal lines by outputting thereto a
scanning signal in synchronization with a predeter-
mined timing signal,

a display section including said plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit; and

a pre-charging circuit for supplying a predetermined
pre-charge potential to said plurality of data signal lines
according to the pre-charge control signal from an
external section in a predetermined interval,

said driving method comprises the step of:

supplying in a lump sum in a vertical retrace interval, the
pre-charge potentials of positive and negative polarities
to said data signal line from said pre-charging circuit at
least once.

14. The driving method as set forth in claim 13, wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential is
supplied to respective polarities at least once in AC
driving the liquid crystals.

15. The driving method as set forth in claim 13, wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential
supplied to each data signal line is equivalent to a
maximum amplitude value of the video signal of the
positive polarity and to a maximum amplitude value of
the video signal of negative polarity in AC driving the
liquid crystals.

16. The driving method as set forth in claim 13, wherein:

the pre-charge potential or the vertical retrace interval
supplying potential in the vertical retrace interval is an
AC potential of 1 horizontal scan period.

17. The driving method as set forth in claim 13, wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential to
be supplied to each data signal line is not less than 50
percent of a maximum value of the video signal of
positive polarity and not less than 50 percent of the
video signal of negative polarity in AC driving the
liquid crystals.

18. A driving method of an image display device which

comprises:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines arranged in respective
columns of the pixels;

a plurality of scanning signal lines arranged in respective
rows of the pixels;

a data signal line drive circuit for driving said plurality of
data signal lines by outputting thereto a signal potential
in synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving said plu-
rality of scanning signal lines by outputting thereto a
scanning signal in synchronization with a predeter-
mined timing signal; and

a display section including said plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit,
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said driving method comprising the step of:

supplying a signal potential to said plurality of data signal
lines by said data signal line drive circuit, and sampling
a video signal to which vertical retrace interval supply
potential is added by supplying a data sampling start
signal to said data signal line drive circuit in the vertical
retrace interval, so as to supply a signal potential based
on the sampling to said data signal line at least once.

19. The liquid crystal display device as set forth in claim

18, wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential or
signal potential is supplied to respective polarities at
least once in AC driving the liquid crystals.

20. The driving method as set forth in claim 18, wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential or
the signal potential supplied to each data signal line is
equivalent to a maximum amplitude value of the video
signal of the positive polarity and to a maximum
amplitude value of the video signal of negative polarity
in AC driving the liquid crystals.

21. The driving method as set forth in claim 18, wherein:

the pre-charge potential or the vertical retrace interval
supplying potential in the vertical retrace interval is an
AC potential of 1 horizontal scan period.

22. The driving method as set forth in claim 18, wherein:

said display section includes liquid crystals, and

in the vertical retrace interval, the pre-charge potential or
the signal potential to be supplied to each data signal
line is not less than 50 percent of a maximum value of
the video signal of positive polarity and not less than 50
percent of the video signal of negative polarity in AC
driving the liquid crystals.

23. An image display device, comprising:

a plurality of pixels disposed in a matrix form;

a plurality of data signal lines disposed in respective
columns of the pixels;

a plurality of scanning signal lines disposed in respective
rows of the pixels;

a data signal line drive circuit for driving said plurality of
data signal lines by outputting thereto a signal potential
in synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving said plu-
rality of scanning signal lines by outputting thereto a
scanning signal in synchronization with a predeter-
mined timing signal;

a display section including said plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal inputted to the data
signal line drive circuit, wherein the display section
includes liquid crystals; and

a pre-charging circuit for supplying a predetermined
pre-charge potential to said plurality of data signal lines
according to the pre-charge control signal from an
external section at a predetermined interval,

wherein in a vertical retrace interval, the pre-charge
potential of a potential that is equivalent to a maximum
amplitude value of the video signal of positive polarity
and to a maximum amplitude value of the video signal
of negative polarity in AC driving the liquid crystals is
supplied once to each data signal line from said pre-
charging circuit.

24. An image display device, comprising:

a plurality of pixels disposed in a matrix form;

a plurality of data signal lines disposed in respective
columns of the pixels;
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a plurality of scanning signal lines disposed in respective
rows of the pixels;

a data signal line drive circuit for driving said plurality of
data signal lines by outputting thereto a signal potential
in synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving said plu-
rality of scanning signal lines by outputting thereto a
scanning signal in synchronization with a predeter-
mined timing signal;

a display section including said plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal inputted to the data
signal line drive circuit, wherein the display section
includes liquid crystals; and

a pre-charging circuit for supplying a predetermined
pre-charge potential to said plurality of data signal lines
according to the pre-charge control signal from an
external section at a predetermined interval,

wherein in a vertical retrace interval, the pre-charge
potential of not less than 50 percent of a maximum
value of the video signal of positive polarity and not
less than 50 percent of the video signal of negative
polarity in AC driving the liquid crystals is supplied
from said pre-charging circuit to each data signal line.

25. A driving method for an image display device, which

comprises:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines arranged in respective
columns of the pixels;

a plurality of scanning signal lines arranged in respective
rows of the pixels;

a data signal line drive circuit for driving said plurality of
data signal lines by outputting thereto a signal potential
in synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving said plu-
rality of scanning signal lines by outputting thereto a
scanning signal in synchronization with a predeter-
mined timing signal;

a display section including said plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit, wherein the display section
includes liquid crystals; and

a pre-charging circuit for supplying a predetermined
pre-charge potential to said plurality of data signal lines
according to the pre-charge control signal from an
external section in a predetermined interval,

said driving method comprises the step of:

supplying in a vertical retrace interval, the pre-charge
potential to said data signal line from said pre-charging
circuit at least once,

wherein the pre-charge potential supplied to each data
signal line is equivalent to a maximum amplitude value
of the video signal of positive polarity and to a maxi-
mum amplitude value of the video signal of negative
polarity in AC driving the liquid crystals.

26. A driving method for an image display device, which

comprises:

a plurality of pixels arranged in a matrix form;

a plurality of data signal lines arranged in respective
columns of the pixels;

a plurality of scanning signal lines arranged in respective
rows of the pixels;
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a data signal line drive circuit for driving said plurality of
data signal lines by outputting thereto a signal potential
in synchronization with a predetermined timing signal;

a scanning signal line drive circuit for driving said plu-
rality of scanning signal lines by outputting thereto a
scanning signal in synchronization with a predeter-
mined timing signal;

a display section including said plurality of pixels, scan-
ning signal lines and data signal lines, for displaying an
image based on a video signal to be inputted to the data
signal line drive circuit, wherein the display section
includes liquid crystals; and

a pre-charging circuit for supplying a predetermined
pre-charge potential to said plurality of data signal lines

30

according to the pre-charge control signal from an
external section in a predetermined interval,

said driving method comprises the step of:

supplying in a vertical retrace interval, the pre-charge
potential to said data signal line from said pre-charging
circuit at least once,

wherein the pre-charge potential to be supplied to each
data signal line is not less than 50 percent of a maxi-
mum value of the video signal of positive polarity and
not less than 50 percent of the video signal of negative
polarity in AC driving the liquid crystals.
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