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(57) ABSTRACT

In one embodiment of the present invention, a driving method
of a liquid crystal display device is disclosed. According to
one embodiment of the present invention a driving method of
an active matrix display device is disclosed including: a plu-
rality of source lines; a plurality of gate lines that intersect the
source lines; and a plurality of pixel formation sections being
disposed in a matrix manner at the respective intersections of
the source lines and the gate lines, each of the pixel formation
sections receiving as a pixel value a voltage applied to the
source line that passes through the corresponding intersection
when the gate line that passes through the corresponding
intersection is selected, wherein non-image signals are
applied to the source lines in each horizontal scanning period,
and the gate lines are selected in an effective scanning period,
and thereafter the gate lines are selected, in sync with a timing
of application of the non-image signals to the source lines,
before the subsequent effective scanning period comes after a
point in time when the gate lines have been brought into
non-selected state.
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1

LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF, TELEVISION
RECEIVER, LIQUID CRYSTAL DISPLAY
PROGRAM COMPUTER-READABLE
STORAGE MEDIUM STORING THE LIQUID
CRYSTAL DISPLAY PROGRAM, AND DRIVE
CIRCUIT

TECHNICAL FIELD

The present invention relates to an active matrix type liquid
crystal display device including a switching element such as
a thin-film transistor, and a driving method of the liquid
crystal display device. More specifically, the present inven-
tion relates to improvement in moving image display capa-
bility of the liquid crystal display device.

BACKGROUND ART

As a thin, lightweight, display device capable of high-
quality image display with low power consumption, a liquid
crystal display device including TFTs (Thin Film Transistors)
has been used in a wide range of applications, including a
personal computer, a mobile telephone, and a television set.
Such a liquid crystal display device is constituted by an array
substrate on which TFT elements are disposed, a counter
substrate on which counter electrodes are disposed, and liquid
crystal which is contained in between the array substrate and
the counter substrate. In recent years, various kinds of liquid
crystal display devices that realize improvement in image
quality and reduction in power consumption have been pro-
posed.

For example, the liquid crystal display device disclosed in
Patent document 1 has a short circuit and serially performs
writing to pixels while making adjacent signal lines short-
circuited by the short circuit. With this arrangement, an elec-
tric potential of each signal line immediately before writing
operation becomes an intermediate potential to which electric
potentials of a positive-polarity signal and a negative-polarity
signal are leveled, so that power consumption of a signal line
drive circuit is reduced by half.

The liquid crystal device disclosed in Patent document 2
supplies data signals whose polarities are opposite to each
other respectively to adjacent data signal lines, and makes the
adjacent data signal lines short-circuited. This causes the data
signal lines to converge on an intermediate potential (pre-
charge potential). A load at the pre-charging is only a load of
a short circuit between the data signal lines. This decreases a
parasitic resistance and a parasitic capacitance and thus
enables pre-charging at a high speed.

The display device disclosed in Patent document 3 has
electrical charge collecting means that is controlled to make
at least two output terminals short-circuited for a predeter-
mined period every n (n is an integer not less than 2) horizon-
tal scanning periods. The display device collects electrical
charges at the time of polarity change of the output terminals
so that electrical charges are reallocated via the electrical
charge collecting means. This realizes improvement in dis-
play quality and reduction in power consumption.

The display device disclosed in Patent document 4 has a
grayscale voltage generating circuit which supplies a plural-
ity of voltages (first voltages) that is higher than a predeter-
mined potential and another plurality of voltages (second
voltages) that is higher than the predetermined potential, and
makes odd-numbered lines of source lines and even-num-
bered lines of the source lines short-circuited by switching
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between the first voltage and the second voltage at predeter-

mined intervals. This effectively reduces power consumption.

The liquid crystal display device disclosed in Patent docu-
ment 5 separates digital/analogue converting means and out-
put terminals by means of a separation switch in a blanking
period, and makes the output terminals short-circuited by
shorting means. This reduces power consumption at the
reversal of a drive signal.

The drive circuit disclosed in Patent document 6 separates
outputs of a source line driving section from source lines at
the initial stage of writing to liquid crystal capacity, and
makes the source lines short-circuited at a predetermined
potential. This reduces current consumption and shortens the
length of time the source lines are charged/discharged to a
predetermined level.

In impulse-type display devices such as CRTs (Cathode
Ray Tubes), a turn-on period in which an image is displayed
and a turn-off period in which no image is displayed are
alternated in each pixel. In the case of moving images, for
example, human eyes do not perceive afterimage of an object
because a turn-off period is provided each time an image for
one screen is updated. Because of this, a background and an
object are clearly distinguished and a moving image is pet-
ceived without discomfort.

On the other hand, Patent documents 1 through 6 give rise
to the following problem. Thatis, inhold-type display devices
such as liquid crystal display devices including TFTs (Thin
Film Transistors), the luminance of each pixel is determined
by a voltage held by each pixel capacity, and the voltage held
by the pixel capacity is maintained for one frame period after
update. As such, in a hold-type display device, a voltage held
as pixel data by a pixel capacity is maintained until the next
update. Therefore an image of each frame is temporally close
to the image of the directly preceding frame. This allows
human eyes to perceive an afterimage of a moving object,
when a moving image is displayed. As illustrated in FIG. 59,
for example, in a case an image OI indicative of an object
moves in A direction (pattern movement direction), an after-
image (trailing afterimage) Al appears as if the object leaves
trails.

Hold-type display devices such as active matrix type liquid
crystal display device involve such a trailing afterimage Al
when displaying a moving image. For this reason displays
such as television receivers, which predominantly display
moving images, have typically been impulse-type display
devices. However, because of recent strong demands for
reduction in weight and thickness of displays such as televi-
sion receivers, hold-type liquid crystal display devices such
as liquid crystal display devices, which allow for reduction in
weight and thickness, have rapidly been used as the aforesaid
displays.

As such, there has been demand for non-hold-type liquid
crystal display devices that is free from the trailing image Al.
As such a liquid crystal display device, Patent document 7
discloses a method for realizing impulse display in a liquid
crystal display device by inserting (black insertion) a black
display period in each frame period, or other means.

[Patent Document 1]

Japanese Unexamined Patent Publication No. 243998/1997
(Tokukaihei 9-243998; published on Sep. 19, 1997)
[Patent Document 2]

Japanese Unexamined Patent Publication No. 85115/1999
(Tokukaihei 11-85115; published on Mar. 30, 1999)
[Patent Document 3]

Japanese Unexamined Patent Publication No. 279626/2004
(Tokukai 2004-279626; published on Oct. 7, 2004)
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[Patent Document 4]

Japanese Unexamined Patent Publication No. 121911/2005
(Tokukai 2005-121911; published on May 12, 2005)
[Patent Document 5]

Japanese Unexamined Patent Publication No. 212137/1997
(Tokukaihei 9-212137; published on Aug. 15, 1997)
[Patent Document 6]

Japanese Unexamined Patent Publication No. 30975/1999
(Tokukaihei 11-30975; published on Feb. 2, 1999)
[Patent Document 7|

Japanese Unexamined Patent Publication No. 66918/2003
(Tokukai 2003-66918; published on Mar. 5, 2003)
[Patent Document 8]

Japanese Unexamined Patent Publication No. 310113/2004
(Tokukai 2004-310113; published on Nov. 4, 2004)
[Patent Document 9]

Japanese Unexamined Patent Publication No. 175057/2002
(Tokukai 2002-175057; published on Jun. 21, 2002)

DISCLOSURE OF INVENTION

However, realization of impulse display by the method
disclosed in Patent document 7 with an active matrix type
liquid crystal display device as a hold-type display device
give rise to the following problems: complication of a drive
circuit and other components for black insertion, increase of
operating frequency of a drive circuit, and shortening of a
time for charging of a pixel capacity.

The present invention has been attained in view of the
above problems, and an object of the present invention is to
provide a liquid crystal display device which achieves
impulse display while suppressing complication of a drive
circuit and other components, increase of operating fre-
quency, and reduction in charging efficiency, and a driving
method of the liquid crystal display device.

In order to solve the above problems, a driving method of
aliquid crystal display device according to the present inven-
tion is a driving method of an active matrix type liquid crystal
display device including: a plurality of data signal lines; a
plurality of scanning signal lines that intersect the data signal
lines; and a plurality of pixel sections being disposed in a
matrix manner at the respective intersections of the data sig-
nal lines and the scanning signal lines, each of the pixel
sections receiving as a pixel value a voltage applied to the data
signal line that passes through the corresponding intersection
when the scanning signal line that passes through the corre-
sponding intersection is selected, wherein the scanning signal
lines are selected in an effective scanning period, and there-
after the scanning signal lines are selected, in sync with a
timing of application of the non-image signals to the data
signal lines, before the subsequent effective scanning period
comes after a point in time when the scanning signal lines
have been brought into non-selected state.

A liquid crystal display device according to the present
invention is an active matrix type liquid crystal display device
including; a plurality of data signal lines; a plurality of scan-
ning signal lines that intersect the data signal lines; and a
plurality of pixel sections being disposed in a matrix manner
at the respective intersections of the data signal lines and the
scanning signal lines, each of the pixel sections receiving as a
pixel value a voltage applied to the data signal line that passes
through the corresponding intersection when the scanning
signal line that passes through the corresponding intersection
is selected, wherein non-image signals are applied to the data
signal lines at a boundary point between the adjacent hori-
zontal scanning periods, and the scanning signal lines are
selected in an effective scanning period, and thereafter the
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scanning signal lines are selected, in sync with a timing of
application of the non-image signals to the data signal lines,
before the subsequent effective scanning period comes after a
point in time when the scanning signal lines have been
brought into non-selected state.

The “non-image signal” refers to a signal that performs
low-grayscale display and low-luminance display, including
a black display signal.

According to the above arrangement, the non-image sig-
nals are applied to the data signal lines at a boundary point
between the adjacent horizontal scanning periods (i.e. in
between one horizontal scanning period and one horizontal
scanning period that are adjacent to each other), and the
scanning signal lines are selected in an effective scanning
period, and thereafter the scanning signal lines are selected, in
sync with the timing of application of the non-image signals
to the data signal lines, before the subsequent effective scan-
ning period comes after a point in time when the scanning
signal lines have been brought into non-selected state.

The wording “before the subsequent effective scanning
period comes after a point in time when the scanning signal
lines have been brought into non-selected state” refers to a
period between an effective scanning period and an effective
scanning period. That is, non-image display is performed by
applying the non-image signals to the data signal lines in the
period (non-effective scanning period) between effective
scanning periods. The “effective scanning period” refers to a
period corresponding to a display period of horizontal scan-
ning periods. More specifically, the “effective scanning
period” means a period in which a pixel data write pulse is in
High level on the scanning signal line and an image signal
corresponding to a pixel on the data signal line is selected.
Therefore, it is unnecessary to provide a drive circuit for
non-image display, and it is possible to realize impulse dis-
play without shortening a charging time of a pixel capacity for
pixel value writing. As a result, it is possible to enhance
moving image display capability of a liquid crystal display
device. In addition, it is unnecessary to increase an operating
speed of data line drive circuit and other circuits for non-
image display.

As such, it is possible to provide a driving method of a
liquid crystal display device which realizes impulse display
while suppressing complication of a drive circuit and other
components and increase of operating frequency of a drive
circuit.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably a driving
method ofa liquid crystal display device of vertical alignment
mode in which a direction where liquid crystal molecules are
aligned is controlled by an electric field, and the non-image
signal is a pre-tilt signal by which the liquid crystal molecules
are pre-tilted.

Still further, a liquid crystal display device according to the
present invention is preferably a liquid crystal display device
of vertical alignment mode in which a direction where liquid
crystal molecules are aligned is controlled by an electric field,
and the non-image signal is a pre-tilt signal by which the
liquid crystal molecules are pre-tilted.

According to the above arrangement, it is possible to easily
generate a pre-tilt signal without the need for the grayscale
signal driving section that generates a pre-tilt signal as dis-
closed in Patent document 8, and without performing a spe-
cial calculation operation.

In writing the above non-image signal, lowering the poten-
tial of the non-image signal until liquid crystal molecules in
the vertical alignment mode (VA mode) are vertically aligned
can cause an abnormal response in several frames.
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That is, the lower the voltage at the writing of low-gray-
scale display and low-luminance display including black dis-
play to the pixel section by using the non-image signal, the
more vertically liquid crystal molecules tilt. In this vertically
aligned state, when a voltage for formal writing is applied, an
angle at which the liquid crystal molecules tilt can be con-
trolled by the magnitude of an applied voltage, but which
direction (horizontal direction) the liquid crystal molecules
tilt cannot be controlled.

In this case, the liquid crystal molecules temporarily shift
to an energetically stable alignment state at that point in time,
and thereafter move in a correct horizontal direction while
avoiding collision with each other. Therefore, it takes time for
the liquid crystal molecules to reach a desired alignment state
(transmittance), i.e. to reach an intended grayscale level,
which causes an abnormal response in several frames. If the
abnormal response in several frames occurs, trailing occurs.

On the contrary, according to the above arrangement, the
non-image signal is a pre-tilt signal for making the liquid
crystal molecules pre-tilted. This changes the liquid crystal
molecules from a vertically aligned state to a tilted state. That
is, a voltage at the time of writing low-grayscale display and
low-luminance display including black display is higher by a
pre-tilt angle than a voltage applied when the liquid crystal
molecules are vertically aligned completely. Application of a
voltage in a state where the liquid crystal molecules are tilted
by the pre-tilt angle can reduce a time elapsed until the liquid
crystal molecules tilt in a desired horizontal direction and
transmittance comes close to an intended value. As such, it is
possible to prevent the occurrence of an abnormal response
and improve trailing.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that in a
case where display luminance T when white luminance level
is 1 and black luminance level is 0 is nearly close to T=(L/
Lw)" where L is display grayscale level, Lw is white display
grayscale, and y is y characteristics, the pre-tilt signal is a
signal indicating Lwx10*" or greater.

Still further, a liquid crystal display device according to the
present invention is preferably such that in a case where
display luminance T when white luminance level is 1 and
black luminance level is 0 is nearly close to T=(L/Lw) where
L is display grayscale level, Lw is white display grayscale,
and y 1s y characteristics, the pre-tilt signal is a signal indicat-
ing Lwx10<>" or greater.

Inacase where display luminance T when white luminance
level is 1 and black luminance level is 0 is nearly close to
T=(L/Lw)" where L is display grayscale level, Lw is white
display grayscale, and y is y characteristics, the pre-tilt signal
is a signal indicating Lwx10“>" or greater. With this
arrangement, the inventors of the present invention can
improve trailing afterimage.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that
regarding y indicating y characteristics, display grayscale L is
defined as: L=255xT"*? where T is display luminance
when white luminance level is 1 and black luminance level is
0, and the pre-tilt signal is a signal that generates a grayscale
voltage higher than a grayscale voltage obtained when [=12.

Still further, a liquid crystal display device according to the
present invention is preferably such that regarding y indicat-
ing y characteristics, display grayscale L is defined as:
L=255xT%"*? where T is display luminance when white
luminance level is 1 and black luminance level is 0, and the
pre-tilt signal is a signal that generates a grayscale voltage
higher than a grayscale voltage obtained when L=12.
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Regarding y indicating y characteristics, display grayscale
L is defined as: [ =255xT%>2 where T is display luminance
when white luminance level is 1 and black luminance level is
0, and the pre-tilt signal is a signal that generates a grayscale
voltage higher than a grayscale voltage obtained when [L=12.
With this arrangement, the inventors of the present invention
can improve trailing afterimage.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that the
pre-tilt signal is a signal indicating y characteristics of 2.2 and
12th grayscale level or higher level out of 256 display gray-
scale levels. Still further, a liquid crystal display device
according to the present invention is preferably such that the
pre-tilt signal is a signal indicating y characteristics of 2.2 and
12th grayscale level or higher level out of 256 display gray-
scale levels.

The inventors of the present invention can improve trailing
afterimage if the pre-tilt signal is a signal indicating y char-
acteristics of 2.2 and 12th grayscale level or higher level out
of 256 display grayscale levels.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that the
pre-tilt signal is a signal indicating y characteristics of 2.2 and
45th grayscale level or higher level out of 1024 display gray-
scale levels. Still further, a liquid crystal display device
according to the present invention is preferably such that the
pre-tilt signal is a signal indicating y characteristics of 2.2 and
45th grayscale level or higher level out of 1024 display gray-
scale levels.

The inventors of the present invention can improve trailing
afterimage if the pre-tilt signal is a signal indicating y char-
acteristics of 2.2 and 45th grayscale level or higher level out
of 1024 display grayscale levels.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that
when Iuminance level of white display is 100% and lumi-
nance level of black display is 0%, luminance level of the
pre-tilt signal is not less than 0.1%.

Still further, a liquid crystal display device according to the
present invention is preferably such that when luminance
level of white display is 100% and luminance level of black
display is 0%, luminance level of the pre-tilt signal is not less
than 0.1%.

As a result of diligent study, the inventors of the present
invention can improve trailing after image by making lumi-
nance level of the pre-tilt signal to be not less than 0.1% when
luminance level of white display is 100% and luminance level
of black display is 0%.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that
application of the non-image signals to the data signal lines is
performed with adjacent data signal lines short-circuited to
each other.

Still further, a liquid crystal display device according to the
present invention is preferably such that the adjacent data
signal lines are connected capable of being short-circuited to
each other, and application of the non-image signals to the
data signal lines is performed with the data signal lines short-
circuited.

According to the above arrangement, application of the
non-image signals to the data signal lines is performed with
the adjacent data signal lines short-circuited to each other.
That is, the non-image signals are applied to data with the
adjacent data signal lines short-circuited at the polarity rever-
sal of the data signals. Therefore, it is possible to reduce
power consumption.
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Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that
application of the non-image signals to the data signal lines is
performed by application ofa fixed voltage to each of the data
signal lines.

Still further, a liquid crystal display device according to the
present invention preferably further includes a fixed voltage
power source that applies the non-image signals to the data
signal lines by applying a common fixed voltage to the data
signal lines.

In a feed through voltage generated due to a parasitic
capacity inside a pixel section, there is difference between a
pixel voltage for display of a high luminance pixel and a pixel
voltage for display of a low luminance pixel. A voltage gen-
erated with the adjacent data signal lines short-circuited to
each other (voltage applying the non-image signal; also
referred to as “charge share voltage™) varies depending upon
a display grayscale level. This gives rise to the problem that a
shadow of a pattern to be displayed can be visually identified
depending upon the pattern.

On the contrary, the non-image signals are applied by
applying a fixed voltage in the above arrangement. This
allows the voltages of the data signal lines to be kept the same
all the time, thus improving the problem that a shadow of a
pattern to be displayed is visually identified.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that each
of the non-image signals is a voltage that exists between
voltages whose polarities are opposite to each other, and
application of the non-image signal to the data signal lines is
performed at polarity reversal of a data signal.

Still further, a liquid crystal display device according to the
present invention is preferably such that each of the non-
image signals is a voltage that exists between voltages whose
polarities are opposite to each other, and application of the
non-image signal to the data signal lines is performed at
polarity reversal of a data signal.

According to the above arrangement, each of the non-
image signals is a voltage that exists between voltages whose
polarities are opposite to each other, and application of the
non-image signal to the data signal lines is performed at
polarity reversal of a data signal. Therefore, the non-image
signal can be applied in sync with the timing of the polarity
reversal in the so-called dot inversion driving. This makes it
possible to simplify a circuit.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that at a
time when a polarity of a signal on the data signal line is
reversed in each horizontal scanning period, the number of
times the scanning signal line is selected in sync with the
timing of application of the non-image signal to the data
signal line is an even-number.

Still further, a liquid crystal display device according to the
present invention is preferably such that at a time when a
polarity of a signal on the data signal line is reversed in each
horizontal scanning period, the number of times the scanning
signal line is selected in sync with the timing of application of
the non-image signal to the data signal line is an even-number.

According to the above arrangement, it is possible to make
identical, on each of the scanning signal lines, the number of
times the non-image signal is selected during a negative-to-
positive reversal with the number of times the non-image
signal is selected during a positive-to-negative reversal. This
makes it possible to provide a driving method of a liquid
crystal display device which realizes impulse display while
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reducing the difference in charging rate between the adjacent
pixels and improving display unevenness that occurs on each
scanning line.

Note that it is more preferable that the non-image signal is
selected every consecutive horizontal periods. Since the
polarity of the image signal is reversed in each horizontal
period, it is possible to make identical the properties of the
applied non-image signals on the adjacent scanning lines.
That is, it is possible to eliminate a polarity bias.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that
application of the non-image signals to the data signal lines is
performed by application of a voltage whose polarity is
reversed in each vertical scanning period commonly to the
data signal lines.

Still further, a liquid crystal display device according to the
present invention preferably further includes: a first polarity
reversal power source that applies the non-image signals to
the data signal lines by applying a voltage whose polarity is
reversed in each vertical scanning period commonly to the
data signal lines.

According to the above arrangement, in addition to the
effect caused by application of the fixed voltage commonly to
the data signal lines, the polarity of the non-image signal
applied to each of the data signal lines is reversed in each
vertical scanning period. This makes it possible to prevent the
occurrerce of screen burn-in.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that
application of the non-image signals to the data signal lines is
performed by application of a voltage whose polarity is
reversed in each horizontal scanning period.

Still further, a liquid crystal display device according to the
present invention preferably further includes: a second polar-
ity reversal power source that applies the non-image signals to
the data signal lines by applying a voltage whose polarity is
reversed in each horizontal scanning period commonly to the
data signal lines.

According to the above arrangement, in addition to the
effect caused by application of the fixed voltage commonly to
the data signal lines, the polarity of the non-image signal
applied to each of the data signal lines is reversed in each
vertical scanning period. This makes it possible to prevent the
occurrence of screen burn-in.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that
application of the non-image signals to the data signal lines is
performed with the adjacent data signal lines short-circuited
to each other by application of voltages whose polarities are
reversed in each horizontal scanning period, the voltages on
the adjacent data signal lines being opposite in polarity to
each other.

Still further, a liquid crystal display device according to the
present invention is preferably such that: the second polarity
reversal power source applies the non-image signals com-
monly to the data signal lines by applying voltages whose
polarities are reversed in each horizontal scanning period, the
voltages on the adjacent data signal lines being opposite in
polarity to each other.

According to the above arrangement, driving can be per-
formed by the so-called dot inversion driving. This makes it
possible to prevent the occurrence of screen burn-in and
flicker.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that a
polarity of a voltage corresponding to the non-image signal is
identical with a polarity of a voltage corresponding to an
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image signal in a horizontal scanning period immediately
after application of the non-image signal.

Still further, a liquid crystal display device according to the
present invention is preferably such that: a polarity of a volt-
age corresponding to the non-image signal is identical with a
polarity of a voltage corresponding to an image signal in a
horizontal scanning period immediately after application of
the non-image signal.

According to the above arrangement, the polarity of the
non-image signal is made identical with the polarity of the
data signal in the following horizontal scanning period. This
is advantageous in increasing a charging rate.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that a
polarity of a non-image signal selected at the end of one
vertical scanning period and applied to the pixel section is
identical with a polarity of an image signal selected in a
subsequent vertical scanning period.

Still further, a liquid crystal display device according to the
present invention is preferably such that a polarity of a non-
image signal selected at the end of one vertical scanning
period and applied to the pixel section is identical with a
polarity of an image signal selected in a subsequent vertical
scanning period.

According to the above arrangement, it is advantageous in
increasing a charging rate of a pixel that the polarity of the
image signal applied to the pixel section in the subsequent
vertical scanning period (frame) is identical with the polarity
of the last non-image signal (pre-tilt signal) applied to the
pixel section in the preceding vertical scanning period
(frame).

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that a
polarity of a signal on the data signal line is reversed every
plural horizontal scanning periods.

Still further, a liquid crystal display device according to the
present invention is preferably such that a polarity of a signal
on the data signal line is reversed every plural horizontal
scanning periods.

According to the above arrangement, as compared with the
arrangement in which the polarity of the data signal is
reversed in each horizontal scanning period, killer pattern
caused by flicker or the like phenomenon is less likely to
occur, for example, in a checked dot screen of an end screen
in Microsoft’s OS, Windows®, of a personal computer, a
screen of dithering in which a halftone of luminance that
cannot be expressed by one dot is expressed by a combination
of several pixels (tile pattern).

Note that it is preferable that the polarity of the non-image
signal is made identical with the polarity of the data signal in
the subsequent horizontal scanning period. This is advanta-
geous in increasing a charging rate.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that the
non-image signal is applied to the data signal line when a
polarity of a data signal is not reversed in between adjacent
horizontal periods.

Still further, a liquid crystal display device according to the
present invention is preferably such that the non-image signal
is applied to the data signal line when a polarity of a data
signal is not reversed in between adjacent horizontal periods.

According to the above arrangement, it is possible to apply
the non-image signal with the scanning signal line selected in
each horizontal scanning period even in a case where the
polarity of data signal is reversed every plural horizontal
scanning periods. That is, the non-image signal is applied not
only when the polarity of a signal on the data signal line is
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reversed but also when the polarity is not reversed. This
makes it easy to adjust timings and total time of the start and
end of application of the non-image signal to a pixel on each
of the scanning signal lines. In addition, application of the
non-image signal when the polarity is not reversed makes it
easy to agree a charging rate in a horizontal scanning period
immediately after the polarity reversal with a charging rate of
a horizontal scanning period in the subsequent horizontal
scanning period. This makes it possible to prevent uneven-
ness (e.g. unevenness that occurs every two scanning lines in
2H reversal) that can occur every plural horizontal scanning
periods.

Note that in the above arrangement it is preferable that the
number of times the non-image signal supplied when the
polarity of the data signal on the data signal line is reversed is
selected is equal on each of the scanning signal lines. Further,
it is preferable that the number of times the non-image signal
supplied when the polarity of the data signal on the data signal
line is not reversed is selected is equal on each of the scanning
signal lines.

For this reason, a driving method of a liquid crystal display
device according to the present invention is preferably such
that at a time when the polarity of the signal on the data signal
line is reversed every n-number (n is an integer not less than
2) of horizontal scanning periods, the number of times the
scanning signal line is selected in sync with the timing of
application of the non-image signal to the data signal line is a
multiple number of n.

Further, a liquid crystal display device according to the
present invention is preferably such that at a time when the
polarity of the signal on the data signal line is reversed every
n-number (n is an integer not less than 2) of horizontal scan-
ning periods, the number of times the scanning signal line is
selected in sync with the timing of application of the non-
image signal to the data signal line is a multiple number of n.

According to the above arrangement, it is possible to agree
the number of non-image signals applied at the time when the
polarity reversal is performed with the number of non-image
signals applied at the time when the polarity reversal is not
performed, on the adjacent scanning lines. This makes it
possible to provide a liquid crystal display device which
realizes impulse display while reducing the difference in
charging rate between the adjacent pixels and improving dis-
play unevenness that occurs on each scanning line.

Note that it is more preferable that the non-image signal is
selected every consecutive horizontal periods. According to
this arrangement, the number of polarity reversals of the
image signal and the number of non-polarity reversals of the
image signal in n-number of horizontal periods are constant
on each of the scanning lines. This makes it possible to make
identical the properties of the applied non-image signals on
the adjacent scanning lines.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that the
number of times the scanning signal line is selected in sync
with the timing of application of the non-image signal to the
data signal line is a multiple number of 2n.

Still further, a liquid crystal display device according to the
present invention is preferably such that the number of times
the scanning signal line is selected in sync with the timing of
application of the non-image signal to the data signal line is a
multiple number of 2n.

According to the above arrangement, it is possible to make
identical the number of times the non-image signal is selected
during a negative-to-positive reversal with the number of
times the non-image signal is selected during a positive-to-
negative reversal, in a case where the polarity of the data
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signal is reversed on each of the scanning signal lines. In
addition, it is possible to make identical the number of times
the non-image signal is selected between positive polarity
periods with the number of times the non-image signal is
selected between negative polarity periods, in a case where
the polarity of the data signal is reversed on each of the
scanning signal lines. This makes it possible to reduce the
difference in charging rate between the adjacent pixels and
improve unevenness that occurs on each scanning line.

Note that it is more preferable that the non-image signal is
selected every consecutive horizontal periods. According to
this, since the polarity of the image signal is reversed every
2n-number of horizontal periods, it is possible to make iden-
tical the properties of the applied non-image signals on the
adjacent scanning lines. That is, it is possible to eliminate a
polarity bias.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that
application of the non-image signals to the data signal lines is
performed by application of fixed voltages to each of the data
signal lines, and polarities of the fixed voltages are reversed
every plural horizontal scanning periods.

Still further, a liquid crystal display device according to the
present invention preferably further includes: a third polarity
reversal power source that applies the non-image signals to
the data signal lines by applying a voltage whose polarity is
reversed every plural horizontal scanning periods to the data
signal lines.

According to the above arrangement, in addition to the
effect caused by application of the fixed voltages to the data
signal lines, the polarity of the non-image signal applied to
each of the data signal lines is reversed every plural horizontal
scanning periods. This makes it possible to prevent the occur-
rence of screen burn-in.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that the
fixed voltages are voltages whose polarities are reversed
every plural horizontal scanning periods, and the fixed volt-
ages applied on the adjacent data signal lines are opposite in
polarity to each other.

Still further, a liquid crystal display device according to the
present invention preferably further includes: the third polar-
ity reversal power source applies the non-image signals to the
data signal lines by applying to the data signal lines voltages
whose polarities are reversed every plural horizontal scan-
ning periods, the voltages on the adjacent data signal lines
being opposite in polarity to each other.

According to the above arrangement, driving can be per-
formed by the so-called dot inversion driving. This makes it
possible to prevent the occurrence of screen burn-in and
flicker.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that the
liquid crystal display device performs overshoot driving, and
amounts of grayscale correction in the overshoot driving are
found in accordance with polarities of pixels and video sig-
nals obtained from an external entity.

Still further, a liquid crystal display device according to the
present invention preferably further includes: polarity infor-
mation detecting means that detects pieces of polarity infor-
mation of the pixels; and correction amount calculating
means that finds the amounts of grayscale correction in over-
shoot driving in accordance with the polarity information and
video signals obtained from an external entity.

Generally, overshoot driving is performed in accordance
with an appropriate amount of grayscale correction (amount
of OS) which is calculated from a start grayscale level and a
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target grayscale level. Further, in order to find the amount of
grayscale correction, it is necessary to constitute a special
correction algorithm in consideration of which direction a
liquid crystal molecule tilts is uncertain in a case where a
pre-tilt angle of the liquid crystal molecule is extremely
small. This increases a circuit size or gives rise to the problem
of difficulty of calculation in real time. On the contrary,
according to the above arrangement, the amounts of grayscale
correction for use in the overshoot driving are found in accor-
dance with the polarities of the pixels and the video signals
obtained from the external entity. Therefore, it is possible to
find the amount of grayscale correction without using a spe-
cial correction algorithm and to use the existing overshoot
driving without a significant change.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that the
amounts of grayscale correction for use in the overshoot
driving are found by using a lookup table in which the polari-
ties of the pixels and the video signals obtained from the
external entity are associated with each other.

Still further, a liquid crystal display device according to the
present invention preferably further includes: a lookup table
in which the polarities of the pixels and the video signals
obtained from the external entity are associated with each
other.

According to the above arrangement, it is possible to find
the amount of grayscale correction only by referring to the
lookup table on the basis of the polarity of the pixel and the
video signal obtained from the external entity.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that the
liquid crystal display devicehas a backlight, and the backlight
is turned off in sync with a timing of application of the
non-image signal to the data signal line.

In a case where the non-image signal is applied to the data
signal line, a potential thereofleads to increase of luminance,
and thus gives rise to the problem of a graying of black level.
When the backlight is turned off as described above, it is
possible to prevent the graying of black level from being
identified.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that a
duration of application of the non-image signal to the data
signal line is shorter than a duration of application of an image
signal for image display which signal is applied to the data
signal lines.

Still further, a liquid crystal display device according to the
present invention is preferably such that a duration of appli-
cation of the non-image signal to the data signal line is shorter
than a duration of application of an image signal for image
display which signal is applied to the data signal.

Patent document 9 discloses the liquid crystal display
device in which each of the gate lines (scanning signal lines)
is selected at least twice in each frame periods, and (i) a
deletion voltage for making the states of the pixels identical
and (ii) a grayscale voltage corresponding to an image to be
displayed are written each at least once. With this liquid
crystal display device, it is possible to obtain an excellent
moving image display while suppressing an after image of the
displayed image. However, in this liquid crystal display
device, a voltage supplied to the source line is switched
between a grayscale voltage based on an image signal and a
black voltage, and a duration of period during which each of
the gate lines is selected for application of the grayscale
voltage is half a time obtained by division of one frame period
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by the number of gate lines. As such, a short time for charging
of apixel capacity by the grayscale voltage may cause insuf-
ficient charging.

Inview of this, by making the duration of application of the
non-image signal applied to the data signal line shorter than
the duration of application of the image signal as in the above
arrangement, it is possible to realize impulse display while
suppressing insufficient charging of the image signal in each
of the pixels. Especially, the above arrangement is suitable (a)
at the increase in load on the data signal lines and others due
to upsizing of a screen size and high definition and (b) at the
reduction of the duration of application of the image signal in
a case where improvement in moving image identification is
further performed by increase of a frame frequency.

Further, a driving method of a liquid crystal display device
according to the present invention is preferably such that the
liquid crystal display device is a liquid crystal display device
of normally black mode in which black display is performed
in a state where no voltage is applied.

Still further, a liquid crystal display device according to the
present invention is preferably such that the liquid crystal
display device is a liquid crystal display device of normally
black mode in which black display is performed in a state
where no voltage is applied.

According to the above arrangement, the liquid crystal
display device is a liquid crystal display device of normally
black mode. For example, this makes it possible to easily
perform black insertion display in a case where the non-
image signal is a charge share potential, and to constitute a
display device that is advantageous in terms of power con-
sumption.

Further, a liquid crystal display program of the present
invention is preferably a liquid crystal display program for
operating theabove liquid crystal display device, the program
causing a computer to function as the polarity information
detecting means and the correction amount calculating
means.

Still further, a computer-readable storage medium of the
present invention is preferably a computer-readable storage
medium storing the above liquid crystal display program.

Yet further, a television receiver of the present invention is
preferably a television receiver including: the above liquid
crystal display device; and a tuner section that receives a
television broadcast.

In order to solve the above problem, a drive circuit of the
present invention is a drive circuit for use in an active matrix
type liquid crystal display device including; a plurality of data
signal lines; a plurality of scanning signal lines that intersect
the data signal lines; and a plurality of pixel sections being
disposed in a matrix manner at the respective intersections of
the data signal lines and the scanning signal lines, each of the
pixel sections receiving as a pixel value a voltage applied to
the data signal line that passes through the corresponding
intersection when the scanning signal line that passes through
the corresponding intersection is selected, wherein non-im-
age signals are applied to the data signal lines at a boundary
point between the adjacent horizontal scanning periods, and
the scanning signal lines are selected in an effective scanning
period, and thereafter the scanning signal lines are selected, in
sync with a timing of application of the non-image signals to
the data signal lines, before the subsequent effective scanning
period comes after a point in time when the scanning signal
lines have been brought into non-selected state.

According to the above arrangement, the non-image sig-
nals are applied to the data signal lines at a boundary point
between the adjacent horizontal scanning periods, and the
scanning signal lines are selected in an effective scanning
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period, and thereafter the scanning signal lines are selected in
sync with the timing of application of the non-image signals
to the data signal lines before the subsequent effective scan-
ning period comes after a point in time when the scanning
signal lines have been brought into non-selected state.

That is, non-image display is performed by applying the
non-image signals to the data signal lines in the period (non-
effective scanning period) between effective scanning peri-
ods. The “effective scanning period” refers to a period corre-
sponding to a display period of horizontal scanning periods.
More specifically, the “effective scanning period” means a
period in which a pixel data write pulse is in High level on the
scanning signal line. Therefore, it is unnecessary to provide a
drive circuit for non-image display, and it is possible to realize
impulse display without shortening a charging time of a pixel
capacity for pixel value writing. As a result, it is possible to
enhance moving image display capability of a liquid crystal
display device. In addition, it is unnecessary to increase an
operating speed of data line drive circuit and other circuits for
non-image display.

As such, with the use of the drive circuit of the present
invention, it is possible to realize a liquid crystal display
device which realizes impulse display while suppressing
complication of a drive circuit and other components and
increase of operating frequency of a drive circuit.

Further, in order to solve the above problem, a drive circuit
of the present invention is a drive circuit for use in an active
matrix type liquid crystal display device, the drive circuit
supplying data signals to data signal lines, the liquid crystal
display device comprising: a plurality of data signal lines; a
plurality of scanning signal lines that intersect the data signal
lines; and a plurality of pixel sections being disposed in a
matrix manner at the respective intersections of the data sig-
nal lines and the scanning signal lines, each of the pixel
sections receiving as a pixel value a voltage applied to the data
signal line that passes through the corresponding intersection
when the scanning signal line that passes through the corre-
sponding intersection is selected, the drive circuit including:
a first polarity reversal power source being connected to the
data signal lines and capable of generating voltages whose
polarities are reversed, the first polarity reversal power source
generating voltages whose polarities are reversed in each
vertical scanning period in sync with the timing of supply of
a gate start pulse signal to the first polarity reversal power
source, and applying the thus generated voltages as non-
image signals respectively to the data signal lines at polarity
reversal of the data signals.

The gate start pulse signal is a signal that is generated by a
display control circuit of the liquid crystal display device to
start an operation of a shift register of a gate driver.

According to the above arrangement, the drive circuit
includes the first polarity reversal power source that reverses
a voltage applied as the non-image signal to the data signal
line in each vertical scanning period. That is, a voltage applied
to the data signal line is reversed for each frame. Therefore, it
is possible to prevent the occurrence of screen burn-in caused
by application of voltages of one-side polarity.

Further, in order to solve the above problem, a drive circuit
of the present invention is a drive circuit for use in an active
matrix type liquid crystal display device, the drive circuit
supplying video signals to data signal lines, the liquid crystal
display device comprising: a plurality of data signal lines; a
plurality of scanning signal lines that intersect the data signal
lines; and a plurality of pixel sections being disposed in a
matrix manner at the respective intersections of the data sig-
nal lines and the scanning signal lines, each of the pixel
sections receiving as a pixel value a voltage applied to the data
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signal line that passes through the corresponding intersection
when the scanning signal line that passes through the corre-
sponding intersection is selected, the drive circuit including:
a second polarity reversal power source being connected to
the data signal lines and capable of generating voltages whose
polarities are reversed, the second polarity reversal power
source generating voltages whose polarities are reversed in
each horizontal scanning period in sync with a timing of
supply of a gate clock signal to the second polarity reversal
power source, and applying the thus generated voltages as
non-image signals respectively to the data signal lines at
polarity reversal of data signals.

The gate clock signal is a signal generated by the display
control circuit of the liquid crystal display device to control
the timing of a shift operation of a shift register of a gate
driver.

According to the above arrangement, the drive circuit
includes the second polarity reversal power source capable of
generating voltages which are applied as the non-image sig-
nals to the data signal lines and whose polarities are reversed
in each horizontal scanning period. That is, a voltage applied
to the data signal line is reversed for each line. Therefore, it is
possibleto prevent the occurrence of screen burn-in caused by
application of voltages of one-side polarity

Further, in order to solve the above problem, a drive circuit
of the present invention is a drive circuit for use in an active
matrix type liquid crystal display device, the drive circuit
supplying video signals to data signal lines, the liquid crystal
display device comprising: a plurality of data signal lines; a
plurality of scanning signal lines that intersect the data signal
lines; and a plurality of pixel sections being disposed in a
matrix manner at the respective intersections of the data sig-
nal lines and the scanning signal lines, each of the pixel
sections receiving as a pixel value a voltage applied to the data
signal line that passes through the corresponding intersection
when the scanning signal line that passes through the corre-
sponding intersection is selected, the drive circuit including:
a second polarity reversal power source being connected to
the data signal lines and capable of generating voltages whose
polarities are reversed, the second polarity reversal power
source generating voltages whose polarities are reversed in
each horizontal scanning period in sync with a timing of
supply of a gate clock signal to the second polarity reversal
power source, and applying the thus generated voltages as
non-image signals respectively to odd-numbered lines of the
data signal lines at polarity reversal of data signals while
applying voltages which are opposite in polarity to the thus
generated voltages as the non-image signals respectively to
even-numbered lines of the data signal lines at polarity rever-
sal of data signals.

According to the above arrangement, the drive circuit
includes the second polarity reversal power source that
applies the thus generated voltages as non-image signals
respectively to odd-numbered lines of the data signal lines at
polarity reversal of data signals, while applying voltages
which are opposite in polarity to the thus generated voltages
as the non-image signals respectively to even-numbered lines
of the data signal lines at polarity reversal of data signals. That
is, a voltage applied to the data signal line is reversed for each
dot. Therefore, it is possible to prevent the occurrence of
screen burn-in caused by application of voltages of one-side
polarity and to prevent the occurrence of flicker.

Further, in order to solve the above problem, a drive circuit
of the present invention is a drive circuit supplying video
signals to a plurality of data signal lines, including: a con-
stant-voltage diodes being connected respectively to the data
signal lines; and a fixed voltage power source, connected to
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the data signal lines via the respective constant-voltage
diodes, applying a common fixed voltage as an non-image
signal to the data signal lines at polarity reversal of data
signals. According to the above arrangement, the fixed volt-
age power source is connected to the data signal lines via the
constant-voltage diodes, respectively. Since voltages can be
accumulated in the constant-voltage diodes, it is possible to
realize voltage reversal for each dot with a simpler structure.

Further, in order to solve the above problem, a drive circuit
of the present invention is a drive circuit supplying video
signals to a plurality of data signal lines, including: a third
polarity reversal power source being connected to the data
signal lines and capable of generating voltages whose polari-
ties are reversed, the third polarity reversal power source
generating voltages whose polarities are reversed every plural
horizontal scanning periods, and applying the thus generated
voltages as non-image signals respectively to the data signal
lines.

The polarities of the voltages are reversed in sync with a
timing of supply of the reverse signal to the third polarity
reversal power source, the reverse signal being a signal for
determining polarity reversal.

According to the above arrangement, the drive circuit
includes the third polarity reversal power source capable of
generating voltages which are applied as the non-image sig-
nals to the data signal lines and whose polarities are reversed
every plural horizontal scanning periods. That is, a voltage
applied to the data signal line is reversed for each line. There-
fore, it is possible to prevent the occurrence of screen burn-in
caused by application of voltages of one-side polarity.

Further, a drive circuit of the present invention is preferably
such that the third polarity reversal power source generates
voltages whose polarities are reversed every plural horizontal
scanning periods, and applies the thus generated voltages as
non-image signals respectively to odd-numbered data signal
lines of the data signal lines while applying voltages which
are opposite in polarity to the thus generated voltages as the
non-image signals respectively to even-numbered data signal
lines of the data signal lines.

According to the above arrangement, the drive circuit
includes the third polarity reversal power source that applies
the thus generated voltages as non-image signals respectively
to odd-numbered data signal lines while applying voltages
which are opposite in polarity to the thus generated voltages
as the non-image signals respectively to even-numbered data
signal lines. That is, a voltage applied to the data signal line is
reversed for each dot. Therefore, it is possible to prevent the
occurrence of screen burn-in caused by application of volt-
ages of one-side polarity and to prevent the occurrence of
flicker.

Further, a driving method of a liquid crystal display device
according to the present invention is a driving method of an
active matrix type liquid crystal display device including: a
plurality of data signal lines; a plurality of scanning signal
lines that intersect the data signal lines; and a plurality of pixel
sections being disposed in a matrix manner at the respective
intersections of the data signal lines and the scanning signal
lines, each of the pixel sections receiving as a pixel value a
voltage applied to the data signal line that passes through the
corresponding intersection when the scanning signal line that
passes through the corresponding intersection is selected,
wherein a non-image signal is applied to the data signal lines
at a boundary point between adjacent horizontal scanning
periods, the non-image signal being identical in voltage
polarity with an image signal applied in the latter horizontal
scanning period of the adjacent horizontal scanning periods.
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According to the above arrangement, a voltage polarity of
the non-image signal applied to the data signal lines at a
boundary point between the adjacent horizontal scanning
periods is identical with a voltage polarity of the image signal
applied in thelatter horizontal scanning period of the adjacent
horizontal scanning periods. This is advantageous in increas-
ing a charging rate of a pixel.

Further, a liquid crystal display device of the present inven-
tion may be driven by using the above driving method. This is
advantageous in increasing a charging rate of a pixel.

Additional objects, features, and strengths of the present
invention will be made clear by the description below. Fur-
ther, the advantages of the present invention will be evident
from the following explanation in reference to the drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is waveform diagrams wherein (a) is a waveform
diagram showing an analogue voltage signal, () is a wave-
form diagram showing a charge share control signal, (¢) is a
waveform diagram showing a data signal, (d) is a waveform
diagram showing a scanning signal G(j) applied to a gate line
GLj, (e) is a waveform diagram showing a scanning signal
G(j+1) applied to a gate line Gj+1, and (f) is a waveform
diagram showing luminance of a pixel. These waveform dia-
grams are the ones for a liquid crystal display device of First
Embodiment of the present invention.

FIG. 2 is a block diagram illustrating a liquid crystal dis-
play device of the present embodiment together with an
equivalent circuit of a display section of the liquid crystal
display device.

FIG. 3 is a block diagram illustrating the configuration of a
source driver illustrated in FIG. 2.

FIG. 4 is acircuit diagram illustrating an output section of
the source driver illustrated in F1G. 3.

FIG. 5(a) is a block diagram illustrating the configuration
of a gate driver illustrated in FIG. 2.

FIG. 5(b) is a block diagram illustrating the configuration
of a gate driver IC chip illustrated in FIG. 5(a).

FIG. 6 is waveform diagrams wherein (a) is a waveform
diagram showing a gate start pulse signal GSP, (b) is a wave-
form diagram showing a gate clock signal GCK, (c) is a
waveform diagram showing an output signal Q1 from a first
shift register at the first stage, (d) is a waveform diagram
showing a gate driver output control signal GOE1 supplied to
a first gate driver IC chip 411, (e) is a waveform diagram
showing a scanning signal G(1) applied to a gate line GL1,
and (f) is a waveform diagram showing ascanning signal G(2)
applied to a gate line GL2.

FIG. 7 is a diagram illustrating parasitic capacitances each
of which exists between a gate and a drain of a TFT in each
pixel formation section.

FIG. 8 is waveform diagrams wherein (a) is a waveform
diagram showing a gate voltage Vg(j) that is a voltage of a
scanning signal G(j) applied to a gate line GLj, (b) is a
waveform diagram showing a voltage (pixel voltage) Vd of a
pixel electrode Ep in a pixel formation section 5

FIG. 9 is a waveform diagram showing: a voltage wave-
form Wd(B) of a pixel voltage (high luminance pixel voltage)
Vd(B) for a high luminance display of a pixel; a voltage
waveform Wd(D) of a pixel voltage (low luminance pixel
voltage) Vd(D) for a low luminance display of a pixel; a
voltage waveform Ws(B) of a voltage (high luminance source
voltage) Vs(B) of a data signal for applying the high lumi-
nance pixel voltage Vd(B); and a voltage waveform Ws(D) of
a voltage (low luminance source voltage) Vs(D) of a data
signal for applying the low luminance pixel voltage V(D).
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FIG. 10 is a diagram illustrating a shadow pattern Spat
corresponding to a display pattern Dpat in accordance with
writing of a charge share voltage Vesh as a black voltage.

FIG. 11 is a circuit diagram illustrating another configura-
tion of the output section of the source driver, which is not
different from the configuration illustrated in FIG. 4.

FIG. 12 is a circuit diagram illustrating still another con-
figuration of the output section of the source driver, which is
not different from the configuration illustrated in FIG. 4.

FIG. 13(a) is a schematic view illustrating liquid crystal
molecules being vertically aligned.

FIG. 13(b) is a schematic view illustrating an alignment
state of liquid crystal molecules in a case where a high voltage
is applied in the state of FIG. 13(a).

FIG. 14 is a view illustrating control of tilt angles of liquid
crystal molecules by application of a voltage to liquid crystal
molecules being vertically aligned state.

FIG. 15 a top plan view illustrating directions in which a
liquid crystal molecule being vertically aligned falls down
upon voltage application to the liquid crystal molecule.

FIG. 16 is a view illustrating the structure by which liquid
crystal is aligned on a slant.

FIG.17(a) is a view showing a voltage-frame relationship,
indicating a black signal voltage, a black writing voltage, and
a voltage for lighting state.

FIG. 17(b) is a graph showing a grayscale change from
black to lighting state and a grayscale change from black
writing to lighting state.

FIG. 18(a) is a view showing a voltage-frame relationship,
corresponding to FI1G. 17(a).

FIG. 18(b) is a graph showing a grayscale change from
black to lighting state and a grayscale change from black
writing to lighting state in charge share impulse driving.

FIG. 19 is a view showing a desired luminance and the
range of grayscale levels whena longitudinal axis is standard-
ized luminance and a lateral axis is grayscale level.

FIG. 20(a) is a view showing a voltage-frame relationship
when a desired luminance and the range of grayscale levels
are as shown in FIG. 19, corresponding to FIG. 18(a).

FIG. 20(b) is a graph showing a grayscale change from
black to lighting state and a grayscale change from black
writing to lighting state when a desired luminance and the
range of grayscalelevels are as shown in FIG. 19, correspond-
ing to FIG. 18(4).

FIG. 21 is a view illustrating the manner that the liquid
crystal molecule 20 slightly tilted from a vertically aligned
state is fallen down by black writing under the conditions
where a pre-tilt signal is set so that a grayscale level is 12th
grayscale level or higher level out of 256 grayscale levels
(y=2.2).

FIG. 22 is a block diagram illustrating an OS drive circuit
in a case where a horizontal azimuth direction cannot be
controlled.

FIG. 23 is a block diagram illustrating an OS drive circuit
in a case where a horizontal azimuth direction can be con-
trolled.

FIG. 24 is a graph showing an ideal voltage-to-frame rela-
tionship for black writing.

FIG. 25 is a graph showing a voltage-to-frame relationship
in a case where black writing is performed with a fixed elec-
tric potential.

FIG. 26 is a graph showing a voltage-to-frame relationship
in a case where rms values at a positive polarity and a negative
polarity are corrected by adjustment of an analogue voltage,
considering the voltage-to-frame relationship shown in FIG.
25.
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FIG. 27 is a block diagram schematically illustrating the
configuration of an OS drive circuit.

FIG. 28 is a view showing a relationship between polarity
information of a pixel and an address that is positional infor-
mation.

FIG. 29 1s a view showing the structure of a LUT illustrated
in FIG. 27.

FIG. 30 is a block diagram schematically illustrating the
configuration of another OS drive circuit.

FIG. 31 is a view showing the structure of a LUT illustrated
in FIG. 30.

FIG. 32 is a graph showing a voltage-to-frame relationship
in a case where polarity values are subjected to digital cor-
rection by using the OS drive circuit illustrated in FIG. 27,
considering the voltage-to-frame relationship shown in FIG.
25.

FIG. 33 is a diagram schematically illustrating the configu-
ration of a backlight.

FIG. 34 is waveform diagrams wherein (a) is a waveform
diagram showing a scanning signal applied to a certain gate
line GLj in 1V, and (b) is a waveform diagram showing
turn-on/off of a backlight in 1V.

FIG. 351s a circuit block diagram of a liquid crystal display
device for use in a television receiver.

FIG. 36 is a block diagram illustrating signal transmission
from a tuner section to a display device.

FIG. 37 is an exploded perspective view illustrating a tele-
vision receiver that includes a liquid crystal display device.

FIG. 38 is a circuit diagram illustrating yet another con-
figuration of the output section of the source driver.

FIG. 39 is waveform diagrams wherein (a) is a waveform
diagram showing a gate start pulse signal GSP, (b) is a wave-
form diagram showing a charge share control signal, (c) is a
waveform diagram showing a data signal, and (d) is a wave-
form diagram showing a data signal.

FIG. 40 is a circuit diagram illustrating another configura-
tion of the output section of the source driver.

FIG. 41 is waveform diagrams wherein (a) is a waveform
diagram showing a gate start pulse signal GSP, (b) is a wave-
form diagram showing a gate clock signal, (c) is a waveform
diagram showing a charge share control signal, (d) is a wave-
form diagram showing a data signal, and (e) is a waveform
diagram showing a data signal.

FIG. 42 is a circuit diagram illustrating still another con-
figuration of the output section of the source driver.

FIG. 43 is waveform diagrams wherein (a) is a waveform
diagram showing a gate start pulse signal GSP, (b) is a wave-
form diagram showing a gate clock signal, (c) is a waveform
diagram showing a charge share control signal, (d) is a wave-
form diagram showing a charge share control signal, (e) is a
waveform diagram showing a data signal, and (f) is a wave-
form diagram showing a data signal.

FIG. 44 is a circuit diagram illustrating yet another con-
figuration of the output section of the source driver.

FIG. 45 is waveform diagrams wherein (a) is a waveform
diagram showing a gate start pulse signal GSP, (b) is a wave-
form diagram showing a gate clock signal, (¢) is a waveform
diagram showing a charge share control signal, (d) is a wave-
form diagram showing a data signal, and (e) is a waveform
diagram showing a data signal.

FIG. 46 is a circuit diagram illustrating another configura-
tion of the output section of the source driver.

FIG. 47 is waveform diagrams wherein (a) is a waveform
diagram showing a gate start pulse signal GSP, (b) is a wave-
form diagram showing a gate clock signal, (¢) is a waveform
diagram showing a charge share control signal, (d) is a wave-
form diagram showing an analogue voltage signal, (e) is a
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waveform diagram showing an analogue voltage signal, (f) is
a waveform diagram showing a non-image signal, (g) is a
waveform diagram showing a non-image signal, (h) is a
waveform diagram showing a data signal, and (i) is a wave-
form diagram showing a data signal.

FIG. 48 is waveform diagrams of signals in a liquid crystal
display device of Second Embodiment, wherein (a) is a wave-
form diagram showing an analogue voltage signal, (b) is a
waveform diagram showing a charge share control signal, (c)
is a waveform diagram showing a data signal, (d) is a wave-
form diagram showing a scanning signal G(j) applied to a gate
line GLj, (e) is a waveform diagram showing a scanning
signal G(j+1) applied to a gate line Gj+1, and (f) is a wave-
form diagram showing luminance of a pixel.

FIG. 49(a) is a view schematically showing 2H dot inver-
sion.

FIG. 49(b) is a view schematically showing 2H line inver-
sion.

FIG. 49(c) is a view schematically showing 4H dot inver-
sion.

FIG. 50 is another example of waveform diagrams of sig-
nals in a liquid crystal display device of Second Embodiment,
wherein (a) is a waveform diagram showing an analogue
voltage signal, (b) is a waveform diagram showing a charge
share control signal, (c) is a waveform diagram showing a
data signal, (d) is a waveform diagram showing a scanning
signal G(j) applied to a gate line GLj, (e) is a waveform
diagram showing a scanning signal G(j+1) applied to a gate
line Gj+1, and (f) is a waveform diagram showing luminance
of a pixel.

FIG. 51 is still another example of waveform diagrams of
signals in a liquid crystal display device of Second Embodi-
ment, wherein (A) is a waveform diagram showing a reverse
signal REV, (a) is a waveform diagram showing an analogue
voltage signal, (b) is a waveform diagram showing a charge
share control signal, (c) is a waveform diagram showing a
data signal, (d) is a waveform diagram showing a scanning
signal G(j) applied to a gate line GLj, (e) is a waveform
diagram showing a scanning signal G(j+1) applied to a gate
line Gj+1, and (f) is a waveform diagram showing luminance
of a pixel.

FIG. 52 is a circuit diagram showing an example of the
configuration of an output section of a source driver that
outputs the signals shown in FIG. 51.

FIG. 53 is a block diagram showing a block diagram illus-
trating an example of a liquid crystal display device of Second
Embodiment together with an equivalent circuit of a display
section of the liquid crystal display device.

FIG. 54 is a block diagram illustrating the configuration of
a source driver illustrated in FIG. 53.

FIG. 55 is yet another example of waveform diagrams of
signals in a liquid crystal display device of Second Embodi-
ment, wherein (A) is a waveform diagram showing a reverse
signal REV, (a) is a waveform diagram showing a gate start
pulse signal GSP, (b) is a waveform diagram showing a gate
clock signal, (c) is a waveform diagram showing a charge
share control signal, (d) is a waveform diagram showing a
charge share control signal, (e) is a waveform diagram show-
ing an analogue voltage signal, (f) is a waveform diagram
showing a data signal, and (g) is a waveform diagram showing
a data signal.

FIG. 56 is a circuit diagram showing an example of the
configuration of an output section of a source driver that
outputs the signals shown in FIG. 55.

FIG. 57(a) is a waveform diagram showing waveforms of
data signals in a case where the polarity of a non-image signal
is identical with the polarity of a subsequent data signal and in
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a case where the polarity of the non-image signal is different
from the polarity of the subsequent data signal.

FIG. 57(b) is a waveform diagram showing waveforms of
data signals in a case where the polarity of a non-image signal
is identical with the polarity of'a subsequent data signal and in
a case where the polarity of the non-image signal is different
from the polarity of the subsequent data signal.

FIG. 57(c) is a waveform diagram showing actual wave-
forms in the cases of FIGS. 57(a) and 57(b), wherein a solid
line represents an actual waveform in the case of FIG. 57(a)
and a broken line represents an actual waveform in the case of
FIG. 57(b).

FIG. 58(a) is a waveform diagram showing waveforms of
data signals in a case where the polarity of a non-image signal
is identical with the polarity of'a subsequent data signal and in
a case where the polarity of the non-image signal is different
from the polarity of the subsequent data signal, in First
Embodiment.

FIG. 58(b) is a waveform diagram showing waveforms of
data signals in a case where the polarity of a non-image signal
is identical with the polarity of'a subsequent data signal and in
a case where the polarity of the non-image signal is different
from the polarity of the subsequent data signal, in First
Embodiment.

FIG. 58(c) is a waveform diagram showing actual wave-
forms in the cases of FIGS. 58(a) and 58(5), wherein a solid
line represents an actual waveform in the case of FIG. 58(a)
and a broken line represents an actual waveform in the case of
FIG. 58(b).

FIG. 59 is a view for explaining the conventional art and
illustrating a trailing afterimage.

EXPLANATION OF REFERENCE NUMERALS

3 source driver (drive circuit)
5 pixel formation section
20 liquid crystal molecule
35 charge share voltage fixing-use power

source (fixed voltage power source)

51 polarity information processing section
(polarity information detecting means)
53 correction amount calculating section
(correction amount calculating means)
54 LUT (lookup table)
82a-82h fluorescent lamp (backlight)
99 tuner section
100 first polarity reversal power source
103 second polarity reversal power source
113 third polarity reversal power source
108 constant-voltage diode
200 display device (liquid crystal display
device)
Dv video signal
Eshp fixed voltage
SL1-SLn source lines (data signal lines)
GL1-GLm gate lines (scanning signal lines)
S(1)-S(n) data signals
GSP gate start pulse signal
GCK gate clock signal

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

The following will describe an embodiment of the present
invention with reference to drawings.

FIG. 2 is a block diagram illustrating (i) a liquid crystal
display device of the present embodiment and (ii) an equiva-
lent circuit of a display section thereof. As illustrated in FIG.
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2, the liquid crystal display device includes a source driver
(drive circuit) 3 as a data signal line drive circuit, a gate driver
4 as a scanning signal line drive circuit, an active matrix type
display section 1, and a display control circuit 2 for control-
ling the source driver 3 and the gate driver 4.

The display section 1 includes a plurality of (m-number of)
gate lines GL1-GLm as scanning signal lines, a plurality of
(n-number of) source lines SL1-SLn as data signal lines inter-
secting with the gate lines GL1-GLm, a plurality of (mxn)
pixel formation sections 5 which are provided at the respec-
tive intersections of the gate lines GL.1-GLm and the source
lines SL.1-SLn.

The pixel formation sections 5 are arranged in a matrix
manner so as to make up a pixel array. Each of the pixel
formation sections 5 is constructed from: (i) a TFT 10 which
is a switching element whose gate terminal is connected to a
gate line GLj that passes through the corresponding intersec-
tion, and whose source terminal is connected to a source line
SLi that passes through the corresponding intersection; a
pixel electrode Ep which is connected to a drain terminal of
the TFT 10; and a common electrode Ec which is a counter
electrode provided in common in the pixel formation sections
5; and a liquid crystal layer which is sandwiched between the
pixel electrode Ep and the common electrode Ec.

A pixel capacitor Cp is constructed from a liquid crystal
capacitor that is made up of the pixel electrode Ep and the
common electrode Ec. To ensure the pixel capacitor Cp to
hold a voltage, an auxiliary capacitor may be provided in
parallel to the liquid crystal capacitor (pixel capacitor Cp).
The auxiliary capacitor is not directly related to the present
invention, and explanation and illustration thereof is therefore
omitted.

To the pixel electrode Ep, an electric potential correspond-
ing to an image to be displayed is applied by the operating
source driver 3 and gate driver 4, as will be described later. To
the common electrode Ec, a predetermined electric potential
Vcom is applied by a power source circuit (not shown). With
this arrangement, a voltage corresponding to a potential dif-
ference between the pixel electrode Ep and the common
electrode Ec is applied to the liquid crystal layer, and such a
voltage application controls the amount of light passing
through the liquid crystal layer, whereby image display is
performed. In order to control the amount of light passing
through the liquid crystal layer by voltage application, polar-
izing plates (not shown) are used. In the liquid crystal display
device of the present embodiment, polarizing plates are pro-
vided so as to achieve normally black, as an example. A liquid
crystal display device in normally black mode performs black
display in a state where no voltage is applied, and thus can
easily perform black insertion and reduce power consump-
tion.

The display control circuit 2 receives, from an external
signal source (not shown), a digital video signal Dv repre-
senting an image to be displayed, a horizontal sync signal
HSY and a vertical sync signal VSY both of which corre-
spond to the digital video signal Dv, and a control signal Dc
for controlling a display operation.

On the basis of the signals Dv, HSY, VSY, and Dc, the
display control circuit 2 generates and outputs the following
signals: a data start pulse signal SSP; a dataclock signal SCK;;
a charge share control signal Csh; a digital image signal DA
(signal corresponding to the video signal Dv) representing the
image to be displayed; a gate start pulse signal GSP; a gate
clock signal GCK; and a gate driver output control signal
GOE (GOE1-GOEq). With these signals, an image repre-
sented by the digital video signal Dv is displayed on the
display section 1.
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More specifically, an internal memory (not shown) of the
display control circuit 2 subjects the video signal Dv received
from the external signal source to timing control etc., if nec-
essary. Thereafter, the display control circuit 2 outputs the
video signal Dv in the form of the digital image signal DA,
generates the data clock signal SCK as a signal realized by
pulses corresponding to pixels for an image represented by
the digital image signal DA, generates the data start pulse
signal SSP as a signal that is at high level (H level) for only a
predetermined period in each horizontal scanning period on
the basis of the horizontal sync signal HSY, generates the gate
start pulse signal GSP as a signal that is at H level for only a
predetermined period in each frame period (each vertical
scanning period) on the basis of the vertical sync signal VSY,
generates the gate clock signal GCK on the basis of the
horizontal sync signal HSY, and generates the charge share
control signal Csh and the gate driver output control signal
GOE on the basis of the horizontal sync signal HSY and the
control signal Dc.

Among the signals thus generated by the display control
circuit 2, the digital image signal DA, the charge share control
signal Csh, the data start pulse signal SSP, and the data clock
signal SCK are supplied to the source driver 3, whereas the
gate start pulse signal GSP, the gate clock signal GCK, and
gate driver output control signal GOE are supplied to the gate
driver 4.

FIG. 3 is a block diagram illustrating the configuration of
the source driver 3.

As illustrated in FIG. 3, the source driver 3 includes a data
signal generating section 12 and an output section 13 which is
provided at the subsequent stage of the data signal generating
section 12. The data signal generating section 12 generates
analogue voltage signals d(1)-d(n) respectively correspond-
ing to the source lines SL1-SLn from the digital image signal
DA on the basis of the data start pulse signal SSP and the data
clock signal SCK. The configuration of the data signal gen-
erating section 12 is the same as that of the data signal gen-
erating section 12 in the conventional source driver, and
explanation thereof is omitted.

The output section 13 includes a plurality of output buffers
31 (FIG. 4) which are constituted by voltage followers pro-
vided for the respective analogue voltage signals d(i), which
are generated by the data signal generating section 12. These
output buffers 31 subject the analogue voltage signals d(i) to
impedance conversion to output them in the form of data
signals S(i) (=1, 2, ..., n).

However, as will be described later, the application of the
data signals S(1)-S(n) to the respective source lines SL.1-SLn
is interrupted under the charge share control signal Csh and
the source lines SL1-SLn are short-circuited to one another,
during a charge sharing period Tsh ((b) in FIG. 1). As will be
described in detail later with reference to FIG. 4, the output
section 13 includes a switch circuit and a power source, for
the sake of realizing such an operation.

In each horizontal scanning period, the source driver 3
serially generates the data signals S(1)-S(n) as analogue volt-
ages corresponding to pixel values in the horizontal scanning
lines for an image represented by the digital image signal DA,
on thebasis of the digital image signal DA, the data start pulse
signal SSP, and the data clock signal SCK. Then, the source
driver 3 applies the thus generated data signals S(1)-S(n) to
the source lines SL1-SLn, respectively.

The source driver 3 in the present embodiment adopts a dot
inversion driving method, in which the data signals S(1)-S(n)
are outputted so that the polarity of a voltage applied to the
liquid crystal layer is reversed in each frame period, and the
polarity of the applied voltage is reversed for each gate line
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and each source line in each frame. In other words, the dot
inversion driving method is a method in which the polarity is
inverted in each horizontal scanning period, and the adjacent
data signal lines are opposite in polarity to each other.

Therefore, the source driver 3 arranges the polarities of
voltages to be applied to the adjacent ones of the source lines
SL1-SLn to be opposite to each other, and reverses voltage
polarity of the data signal S(i) to be applied to each of the
source lines SLi in each horizontal scanning period. A refer-
ence electric potential for polarity reversal of voltages to be
applied to the source lines SL1-SLn is a DC level (electric
potential corresponding to a DC component) of each of the
data signals S(1)-S(n). This DC level is typically different
from the DC level of the common electrode Ec, by a feed
through voltage AVd which is generated by a parasitic capaci-
tor Cgd between the gate and the drain of the TFT 10 in each
of the pixel formation sections 5.

Note that in a case where the feed through voltage AVd
caused by the parasitic capacitor Cgd is sufficiently lower
than an optical threshold voltage Vth of a liquid crystal, the
DClevel of each of the data signals S(1)-S(n) is assumed to be
equal to the DC level of the common electrode Ec. Therefore,
the polarity of each of the data signals S(1)-S(n), i.e. the
polarity of the voltage to be applied to each of the source lines
SL.1-SLn may be considered to be reversed in each horizontal
scanning period with reference to the electric potential
(counter voltage) of the common electrode Ec.

In addition, the source driver 3 adopts the so-called charge
sharing method, in which respective pairs of the adjacent
source lines of the source lines SL.1-SLn are short-circuited at
the polarity reversal of the data signals S(1)-S(n) in order to
reduce the power consumption.

On this account, the output section 13, i.e. a section from
which the data signals S(1-S(n) are outputted in the source
driver 3, has the configuration as illustrated in FIG. 4. That is,
the output section 13 receives the analogue voltage signals
d(1)-d(n) generated on the basis of the digital image signal
DA, and subject the analogue voltage signals d(1)-d(n) to
impedance conversion so as to generate the data signals S(1)-
S(n) as video signals to be transmitted to the source lines
SL1-SLn. As illustrated in FIG. 4, the output section 13 has
n-number of output buffers 31 as a voltage follower for the
impedance conversion. Further, as illustrated in FIG. 4, first
MOS transistors SWa as switching elements are connected to
the output terminals of the output buffers 31. Data signals S(i)
(i=1, 2, ..., n) from the output buffers 31 are outputted from
the output terminals of the source driver 3 via the first MOS
transistors SWa.

The adjacent output terminals of the source driver 3 are
connected to each other via a second MOS transistor SWb as
a switching element. That is, the adjacent source lines of the
source lines SL1-SLn are connected to each other via the
second MOS transistor SWb. To a gate terminal of the second
MOS transistor SWb between these output terminals, the
charge share control signal Csh is supplied. To a gate terminal
of the first MOS transistor SWa connected to the output
terminal of the output buffer 31, an output signal of'an inverter
33, i.e. a signal generated by logically reversing the charge
share control signal Csh is supplied.

Therefore, when the charge share control signal Csh is
inactive (at low level), the first MOS transistor SWa is turned
on (conducting), and the second MOS transistor SWb is
turned off (out of conduction). Thus, the data signals from the
output buffers 31 are outputted from the source driver 3 via
the first MOS transistors SWa.

On the other hand, when the charge share control signal
Csh is active (at high level), the first MOS transistor SWa is
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turned off (out of conduction), and the second MOS transistor
SWhb 1s turned on (conducting). Thus, the data signals from
the output buffers 31 are not outputted (i.e. application of the
data signals S(1)-S(n) to the source lines SL.1-SLn is inter-
rupted), and respective pairs of adjacent source lines of the
source lines SL1-SLn in the display section 1 are short-cir-
cuited via the second MOS transistors SWb.

The data signal generating section 12 of the source driver 3
generates the analogue voltage signal d(i) as a video signal
whose polarity is reversed in each horizontal scanning period
(1H), as illustrated in (a) of FIG. 1. On the other hand, the
display control circuit 2 generates the charge share control
signal Csh that becomes at high level (H level) for only a
predetermined period (period that is as short as one horizontal
blanking period; charge sharing period) at the polarity rever-
sal of the analogue voltage signal d(i), as illustrated in (b) of
FIG. 1.

As described above, when the charge share control signal
Cshis at low level (L level), the analogue voltage signals d(i)
are outputted as the data signals S(i). When the charge share
control signal Csh is at high level (H level), supply of the data
signals S(1)-S(n) to the source lines SL.1-SLn is interrupted,
and each pair of adjacent source lines of the source lines
SL.1-SLn is short-circuited to each other.

Since the dot inversion driving method is adopted, voltages
of the adjacent source lines of the source lines SL1-SLn are
opposite in polarity, and their absolute values are nearly equal
to each other. Therefore, a value of each of the data signals
S(i), i.e. a voltage of each of the source lines SLiis equivalent
to a voltage (black voltage) for black display during the
charge sharing period Tsh.

In the liquid crystal display device of the present embodi-
ment, the polarity of each of the data signals S(i) is reversed
with reference to the DC level VSdc of the data signal S(i). For
this reason, as illustrated in (¢) of FIG. 1, a voltage of the data
signal S(i) is nearly equal to the DC level VSdc of the data
signal S(i), during the charge sharing period Tsh.

Note that the arrangement in which respective pairs of
adjacent source lines of the source lines SL1-SLn are short-
circuited at the polarity reversal of the data signals S(1)-S(n)
so that a voltage of each of the source lines SLi is made equal
to the black voltage (DC level VSdc of the data signal S(i)) has
been conventionally proposed as a measure for the reduction
of power consumption. The arrangement illustrated in FI1G. 4
is non-limitative arrangement.

To supply the data signals S(1)-S(n) to the respective pixel
formation sections 5 (to the pixel capacitors thereof) on the
basis of the gate start pulse signal GSP, the gate clock signal
GCK, and the gate driver output control signal GOFEr
(r=1,2,...,q), the gate driver 4 serially selects, in each frame
period (each vertical scanning period) of the digital image
signal DA, the gate lines GL1-GLm for about one horizontal
scanning period for each line, and selects the gate line GLj
(7=1 through m) for a predetermined period at the polarity
reversal of the above data signal S(i) for the black insertion,
which will be described later.

More specifically, the gate driver 4 supplies scanning sig-
nals G(1)-G{m) including a pixel data write pulse Pw and a
black voltage application pulse (pulse applying a non-image
signal) Pb, as illustrated in (d) and (¢) of FIG. 1, respectively
to the gate lines GL1-GLm. The gate line GLj to which the
pixel data write pulse Pw and the black voltage application
pulse Pb are supplied is in a selected state. The TFT 10
connected to the gate line G1j in a selected state is turned on,
whereas the TFT 10 connected to the gate line GLj in non-
selected state is turned off.
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The pixel data write pulse Pw is at H level in an effective
scanning period corresponding to a display period during one
horizontal scanning period (1H), whereas the black voltage
application pulse Pb is at H level in the charge sharing period
Tsh, which corresponds to the blanking period (period that is
not the display period), during one horizontal scanning period
(1H).

As illustrated in (d) and (e) of FIG. 1, each of the scanning
signals G(j) is arranged such that an interval between the pixel
data write pulse Pw and the first black voltage application
pulse Pb immediately after the pixel data write pulse Pw is
equivalent to a % frame period (¥5V; Thd), and the black
voltage application pulse Pb successively appears three times
at intervals of one horizontal scanning period (1H) in one
frame period (1V).

The duration of the black voltage application pulse Pb is
preferably from 1.0 microseconds to 2.0 microseconds, more
preferably 1.2 to 1.8 microseconds. It is desirable that the
duration of the period (Tsh in FIG. 1) during which a non-
image signal is applied to the data signal line is approximately
two to three times longer than the duration of the black volt-
age application pulse Pb. That is, the duration of Tsh is pref-
erably 2 to 6 microseconds, more preferably 3 to 5 microsec-
onds.

The duration of time that a non-image signal is applied to
the data signal line (i.e. duration of Pb) is preferably shorter
than the duration of time that an image signal is applied to the
data signal line (i.e. duration of Pw). This aims at securing the
rate of charging to a pixel for the image signal. The rate of
charging to a pixel for the non-image signal can be secured by
increasing the number of black voltage application pulses Pb.
Table 1 shows suitable durations of time that the image signal
and the non-image signal are applied in FullHD (1080x1920x
RGB dots) models. Table 1 shows the durations of time that
the signals are applied to the data signal line or the scanning
signal line.

TABLE 1
Duration of

Models Pb Image signal Non-image signal Number of Pb
37-type 1.2 psec 11.2 psec 3.6 psec 4

Tull HD

46-type 1.6 psec 10.8 psec 4.0 psec 4

Full HD

52-type 1.8 psec 10.6 psec 4.2 psec 4

Tull HD

Note that the present invention is not necessarily limited to
this. Since suitable values vary depending upon the definition
of liquid crystal display elements, screen size, and other con-
ditions, it is desirable to find the values according to the
conditions where appropriate.

The number of black voltage application pulses Pb, which
can be selected appropriately according to an intended black
insertion level, is suitably 2 to 8, more preferably 3 to 6. The
black voltage application pulse Pb is applied at the timing
when the polarity of the data signal is reversed from +(posi-
tive) to —(negative) and at the timing when the polarity of the
data signal is reversed from —(negative) to +(positive). If the
timing when the black voltage application pulse Pb is applied
is one-sided, flicker and unevenness on each scanning line can
occur. Such defects can be suppressed by performing driving
while the polarity of the data signal is reversed in each frame
and by fine adjustment of Thd and Tbk. In view of this, the
number of black voltage application pulses Pb may be an
even-number (e.g. 4), so that the number of black voltage
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application pulses Pb applied at the timing of the polarity
reversal from + to — becomes equal to the number of black
voltage application pulses Pb applied at the timing of the
polarity reversal from - to +.

Next, the following will describe how the display section 1
(see FIG. 1) is driven by the source driver 3 and the gate driver
4, with reference to FIG. 1. In each of the pixel formation
sections 5 in the display section 1, when the pixel data write
pulse Pw is applied to the gate line GIj which is connected to
the gate terminal of the TFT 10, the TFT 10 is turned on, and
a voltage of the source line SLi, which is connected to the
source terminal of the TFT 10, is written as a value of the data
signal S(i) into the pixel formation section 5. That is, a voltage
of the source line SLi is held in the pixel capacitor Cp.
Thereafter, the gate line GLj is in a non-selected state during
the period (non-selected state period; pixel data holding
period) Thd until the black voltage application pulse Pb
appears. Therefore, the voltage written into the pixel forma-
tion section 5§ continues to be held.

The black voltage application pulse Pb is applied to the
gate line GLj during the charge sharing period Tsh that fol-
lows the pixel data holding period Thd. As described previ-
ously, a value of each of the data signals S(i), i.e. a voltage of
each of the source lines SLi in the charge sharing period Tsh
is nearly equal to the DC level of the data signal S(i). That is,
a voltage of each source line SLi is black voltage.

Therefore, upon application of the black voltage applica-
tion pulse Pb to the gate line GLj, the voltage held in the pixel
capacitor Cp of the pixel formation section 5 starts to change
toward black voltage. However, since the timing when the
black voltage application pulse Pb is applied is at the polarity
reversal of the data signal S(i), a pulse duration of the black
voltage application pulse Pb is short. On this account, three
black voltage application pulses Pb are successively applied
to the gate line GLj at the intervals of one horizontal scanning
period (1H) in each frame period, as illustrated in (d) and (e)
of FIG. 1, so that the voltage held in the pixel capacitor Cp can
be reliably changed to black voltage. As a result of this,
luminance, (the amount of transmitted light determined by
the voltage held by the pixel capacitor) L (j,1) of a pixel, which
is formed in the pixel formation section 5 connected to the
gate line GLj, changes as illustrated in (f) of FIG. 1.

Thus, in one display line corresponding to the pixel forma-
tion section 5 which is connected to each gate line GLj,
display based on the digital image signal DA is carried out
during the pixel data holding period Thd. Thereafter, the three
black voltage application pulses Pb are applied. Then, black
display is performed during the period Thk until the next time
when the pixel data write pulse Pw is applied to the gate line
GL. In this manner, the period Tbk (black display period)
during which black display is performed is inserted into each
frame period, which allows the liquid crystal display device to
perform impulse display.

As is apparent from (d) and (e) of FIG. 1, the timings when
the pixel data write pulse Pw appears are different by one
horizontal scanning period (1H) between the adjacent scan-
ning signals G(j). Accordingly, the timings when the black
voltage application pulse Pb appears are different by one
horizontal scanning period (1H) between the adjacent scan-
ning signals G(j). For this reason, the black display period
Tbk is shifted by one horizontal scanning period (1H) in each
display line, and hence the length of black insertion is iden-
tical for all display lines.

In this manner, a sufficient black insertion period (non-
image insertion period) is obtained without reduction of the
period for charging in the pixel capacitor Cp for writing of
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pixel data. Also, it is unnecessary to speed up the operation of
the source driver 3 or the like for the sake of black insertion
(non-image insertion).

Next, the following will more specifically describe the
configuration and others of the gate driver 4 of the present
embodiment. FIG. 5(a) is a block diagram illustrating the
configuration of the gate driver 4 that operates in waveforms
shown in (d) and (e) of FIG. 1. As illustrated in FIG. 5(a), the
gate driver 4 is made up of a plurality (q-number) of gate
driver IC (Integrated Circuit) chips 411,412, . .., 414 each of
which is a partial circuit and includes a shift register 40 (FIG.
5(b)). As illustrated in FIG. 5(b), each of the gate driver IC
chips 411,412, . . ., 41¢ includes: a shift register 40; first and
second AND gates 42 and 43 which are provided correspond-
ing to the stages of the shift register 40; and an output section
45 which outputs scanning signals G1-Gp in accordance with
output signals gl-gp of the second AND gate 43, and receives
external signals as a start pulse signal Spi, a clock signal CK,
and an output control signal OE.

The start pulse signal Spi is supplied to an input terminal of
the shift register 40, and a start pulse signal Spo is outputted
from an output terminal of the shift register 40 to the gate
driver IC chip at the subsequent stage. A signal generated by
logically reversing the clock signal CK is supplied to each of
the first AND gates 41, whereas a signal generated by logi-
cally reversing the output control signal OE is supplied to
each of the second AND gates 43. Output signals Qk (k=1
through p) from the respective stages of the shift register 40
are supplied to the first AND gates 41 corresponding to the
respective stages. The output signals from the first AND gates
41 are supplied to the second gates 43 corresponding to the
respective stages.

As illustrated in FIG. 5(a), the gate driver 4 is constructed
from a plurality of (gq-number of) the gate driver IC chips
411-41¢ arranged as above which are cascaded to each other.
More specifically, the output terminals of the shift registers in
the gate driver IC chips 411-414 (output terminals for the start
pulse signals Spo) are connected to the input terminals of the
shift registers in the subsequent gate driver IC chips 411-41¢
(input terminals for the start pulse signals Spi), so that the
shift registers 40 in the gate driver IC chips 411-41¢ con-
structs one shift register (hereinafter shift registers consti-
tuted by cascade connection are referred to as “coupled shift
registers”).

However, the gate start pulse signal GSP is supplied from
the display control circuit 2 to the input terminal of the shift
register in the first gate driver IC chip 411, and the output
terminal of the shift register in the rearmost gate driver IC
chip 414 is not connected to an external entity.

The gate clock signal GCK from the display control circuit
2is supplied as clock signals CK in common to the gate driver
1C chips 411-414.

Meanwhile, the gate driver output control signal GOE,
which is generated in the display control circuit 2, is made up
of first to q-th gate driver output control signals GOE1-GOEq.
The gate driver output control signals GOE1-GOEq are inde-
pendently supplied as output control signals OF respectively
to the gate driver IC chips 411-414.

Next, the following will describe how the gate driver 4
operates, with reference to (a) through (f) in FIG. 6.

As shown in (a) of FIG. 6, the display control circuit 2
generates, as the gate start pulse signal GSP, a signal that is at
H level (active) only for periods Tspw and Tspbw, which
correspond to the pixel data write pulse Pw and three black
voltage application pulses Pb, respectively. As shownin (b) of
FIG. 6, the display control circuit 2 generates the gate clock
signal GCK that is at H level only for a predetermined period
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in each horizontal scanning period (1H). When such gate start
pulse signal GSP and gate clock signal GCK are supplied to
the gate driver 4, a signal as shown in (¢) of FIG. 6 is outputted
as a first output signal Q1 from the shift register 40 of the first
gate driver IC chip 411. During each frame period, the output
signal Q1 includes a single pulse Pqw, which corresponds to
the pixel data write pulse Pw, and a single pulse Pqbw, which
corresponds to three black voltage application pulses Pb. The
pulses Pqw and Pqbw are away from each other by approxi-
mately the pixel data holding period Thd.

These two pulses Pqw and Pgbw are serially transferred in
the coupled shift registers inside the gate driver 400, in accor-
dance with the gate clock signal GCK. Accordingly, the sig-
nals in waveform shown in (c) of FIG. 6 are serially outputted
from the respective stages of the coupled shift registers so as
to be shifted by one horizontal scanning period (1H).

As described previously, the display control circuit 2 gen-
erates the gate driver output control signal GOE1-GOEq to be
supplied to the gate driver IC chips 411-41¢, which consti-
tutes the gate driver 4. Here, during the period in which the
pulse Pqw corresponding to the pixel data write pulse Pw is
outputted from any of the stages of the shift register 40 in the
gate driver IC chip 417, a gate driver output control signal
GOEr to be supplied to the r-th gate driver IC chip 417isat L
level, except that the signal is at H level for a predetermined
period near the pulse of the gate clock signal GCK for the
adjustment of the pixel data write pulse Pw. During the other
periods, the gate driver output control signal GOEr is at H
level, except that the signal is at L level for a predetermined
period Toe (which is set so as to be included in the charge
sharing period Tsh) immediately after the gate clock signal
GCK changes from H level to L level.

For example, the gate driver output control signal GOE1 as
shown in (d) of FIG. 6 is supplied to the first gate driver IC
chip 411. Note that the pulse included in each of the gate
driver output control signal GOE1-GOEq for the adjustment
of the pixel data write pulse Pw (such pulse is hereinafter
referred to as “write period adjustment pulse” since it is at H
level for the predetermined period) rises before the rise of the
gate clock signal GCK and falls after the fall of the gate clock
signal GCK according to a required pixel data write pulse Pw.

The pixel data write pulse Pw may be adjusted only by the
gate clock signal GCK, without the use of the write period
adjustment pulse. In each ofthe gate driver IC chips 411~ (r=1
through q), respective combinations of the first and second
AND gates 41 and 43 generate internal scanning signals
gl-gp on the basis of the output signals Qk (k=1 through p)
from the stages of the shift register 40, the gate clock signal
GCK, and the gate driver output control signal GOEr. The
internal scanning signals g1-gp are subjected to level conver-
sion in the output section 45 so that the scanning signals
G1-Gp to be applied to the gate lines are outputted.

With this arrangement, as is apparent from the scanning
signals G(1) and G(2) shown in (e) and (f) of FIG. 6, the pixel
data write pulses Pw are serially applied to the gate lines GL1,
GL2, . . ., and the black voltage application pulse Pb is
applied to each of the gate lines GL1, GL2, . . ., at a timing
when the pixel data holding period Thd elapses from the
application ofthe pixel data write pulse. Thereafter, two black
voltage application pulses Pb are applied to each of the gate
lines GL.1, GL2, .. ., at intervals of one horizontal scanning
period (1H). After the three black voltage application pulses
Pb are applied in this manner, the gate lines are kept at L. level
until the pixel data write pulse Pw of the next frame period is
applied. That is, the black display period Tbk continues until
the subsequent pixel data write pulse Pw is applied after the
application of the three black voltage application pulses Pb.
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As described above, the liquid crystal display device can be
realize impulse driving as shown in (¢) through (f) of FIG. 1
with the use of the gate driver 4 configured as illustrated in
FIGS. 5(a)and 5(5), and can also apply aliquid crystal pre-tilt
voltage.

Incidentally, an active matrix type liquid crystal display
device including the TFTs 10 generally has a parasitic capaci-
tor Cgd between a gate and drain of the TFT 10 in each of the
pixel formation section 5, as illustrated in FIG. 7. Due to the
existence of the parasitic capacitance Cgd, a voltage (pixel
voltage) Vd of the pixel electrode Fp in each of the pixel
formation sections 5 decreases according to the ratio between
the pixel capacitance Cp and the parasitic capacitance Cgd at
the timing when the TFT 10 connected to the pixel electrode
Ep is switched from on-state (conduction state) to off-state
(out-of-conduction state). Hereinafter, the variation of the
pixel voltage Vd caused by the parasitic capacitor Cgd is
referred to as “level shift”, the amount of which is referred to
as “feed through voltage™ and represented by AVd.

More specifically, as illustrated in (a) and (b) of FIG. 8,
when a gate voltage Vg(j) =1, 2, . . . m), which is a voltage
of the scanning signal G{j) applied to any of the gate lines
GLj, becomes on-voltage Vgh (time t1 or t3), and thereafter
the gate voltage Vg(j) turns to the off-voltage Vg1 (time t2 or
t4) by application of a voltage Vsn or Vsp of the source line
SLi(i=1,2,...,n)tothe pixel electrode via the TFT 10 which
is connected to the gate line GLj, the pixel voltage Vd
decreases by the feed through voltage AVd represented by the
following equation (1):

AVd=(Vgh-Vgl) Cgd/(Cp+Cgd) (1)

Since a dielectric constant of liquid crystal varies depend-
ing upon a voltage applied to the liquid crystal, a value of the
pixel capacitance Cp varies depending upon a grayscale level
of a pixel. Accordingly, the feed through voltage AVd in the
equation (1) varies depending upon a grayscale level of a
pixel.

Generally, a liquid crystal display device is arranged such
that the polarity of a voltage applied to liquid crystal reverses
at predetermined intervals with reference to the potential of
the common electrode Ec, i.e. counter voltage, and a light
transmittance of liquid crystal varies according to a rms value
(effective value) ofa voltage applied to liquid crystal. In order
to obtain flicker-free display, a voltage applied to a source line
(source voltage) needs to be corrected with respect to the
counter voltage in such a manner that a mean value of a
voltage applied to liquid crystal is 0. That is, a value of the
data signal needs to be corrected by the feed through voltage
AVd. As described above, the feed through voltage AVd var-
ies depending upon agrayscale level of apixel. In view of this,
the source voltage is corrected according to a grayscale level
of a pixel to be displayed so that flicker-free display is
obtained for all of the grayscale levels. That is, the amount of
correction of the source voltage varies depending upon a
display grayscale level.

Incidentally, a source voltage (charge share voltage) during
the charge sharing period Tsh is nearly equal to a mean value
of voltages to all of the source lines of each source driver
immediately before the charge sharing period. Since the
amount of correction of the source voltage varies depending
upon a grayscale level of a pixel as described above, the
charge share voltage varies depending upon a display gray-
scale level, as will be described below with reference to FIG.
9.

FIG. 9 shows: a voltage waveform Wd(B) of apixel voltage
(high luminance pixel voltage) Vd(B) for a high luminance
display of a pixel; a voltage waveform Wd(D) of a pixel
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voltage (low luminance pixel voltage) Vd(D) for a low lumi-
nance display of a pixel; a voltage waveform Ws(B) of a
voltage (high luminance source voltage) Vs(B) of a data sig-
nal for applying the high luminance pixel voltage Vd(B); and
a voltage waveform Ws(D) of a voltage (low luminance
source voltage) Vs(D) of a data signal for applying the low
luminance pixel voltage Vd(D).

Note that there is no match in scale of a time axis (lateral
axis) between the voltage waveform Wd(B) of the high lumi-
nance pixel voltage and the voltage waveform Wd(D) of the
low luminance pixel voltage and between the voltage wave-
form Ws(B) of the high luminance source voltage and the
voltage waveform Ws(D) of the low luminance source volt-
age. In FIG. 9, Vsp(B) represents a maximum value of the
high luminance source voltage Vs(B), Vsn(B) represents a
minimum value of the high luminance source voltage Vs(B),
Vsp(D) represents a maximum value of the low luminance
source voltage Vs(D), Vsn(D) represents a minimum value of
the low luminance source voltage Vs(D).

Further, Vesh(B) represents a charge share voltage ina case
where the high luminance source voltage Vs(B) is applied to
the source line, and Vesh(D) represents a charge share voltage
in a case where the low luminance source voltage Vs(D) is
applied to the source line. As is apparent from FIG. 9, there is
difference in feed through voltage AVd between the high
luminance pixel voltage Vd(B) and the low luminance pixel
voltage Vd(D). In addition, since a value of the source voltage
is corrected by the feed through voltage AVd as described
above, there is difference in the amount of correction between
the high luminance source voltage Vs(B) and the low lumi-
nance source voltage Vs(D).

Therefore, the charge share voltage Vesh(B) in a case
where the high luminance source voltage Vs(B) is applied to
the source line is different from the charge share voltage
Vesh(D) in a case where the low luminance source voltage
Vs(D) is applied to the source line. That is, the charge share
voltage Vesh varies depending upon a display grayscale level.

In a liquid crystal display device of the present embodi-
ment, as illustrated in FIG. 1, the charge share voltage (volt-
age V8dc shown in (a) and (c) of FIG. 1, which is a source
voltage during the charge sharing period Tsh, becomes a
voltage corresponding to black display. Therefore, black
insertion is performed by application of the black voltage
application pulse Pb that is at H level during the charge
sharing period Tsh to the gate line GLj (j=1 through m),
thereby allowing for impulse display.

In this case, since a pulse duration of the black voltage
application pulse Pb is short, black insertion is performed
during a plurality of charge sharing periods Tsh (three charge
sharing periods Tsh in examples shown in FIGS. 1(e) and
1(f)) to compensate for insufficient black voltage writing.
Even through being the voltage corresponding to black dis-
play, the charge share voltage Vcsh varies depending upon a
display grayscale level (see F1G. 8). This is because a value of
the source voltage is corrected as described above.

Since the charge share voltage Vesh varies depending upon
a display grayscale level as described above, a shadow of a
pattern to be displayed can be visually identified depending
upon the pattern. For example, as illustrated in FIG. 10, below
a real display pattern Dpat in a screen of a liquid crystal
display device, a shadow pattern Spat corresponding to the
display pattern Dpt appears in accordance with writing of the
charge share voltage Vesh as a black voltage. The shadow
pattern Spat can be visually identified as a shadow of the
display pattern Dpat.

In order to solve the problem, it is preferable that a fixed
voltage corresponding to black display is applied to each of
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the source lines SLi during the black signal insertion period.
Application of the fixed voltage corresponding to black dis-
play to each of the source lines SLi allows voltages applied to
the source lines SLi during the black signal insertion period to
be the same all the time, even if the amount of correction of a
data signal for the compensation for grayscale-level depen-
dency of a feed through voltage based on the parasitic capaci-
tor Cgd inside each of the pixel formation sections 5 varies
depending upon a display grayscale level. This makes it pos-
sible to improve the problem that a shadow of a pattern is
visually identified.

A specific configuration of the output section 13 of the
source driver 3 in which such a fixed voltage is applied to each
of the source lines SLi will be described with reference to
drawings. That is, the configuration ofthe output section 13 of
the source driver 3 is not limited to the configuration illus-
trated in FIG. 4, and may be the configuration as described
below.

FIG. 11 is a circuit diagram illustrating another configura-
tion of an output section of the source driver.

An output sectionillustrated in FIG. 11 includes: n-number
of output buffers 31; and a switch circuit which is made up of
n-number of first MOS transistors SWa as switching ele-
ments, (n—1)-number of second MOS transistors SWb, and an
inverter 33. Such a configuration is the same as the configu-
ration of the output section 4 of the source driver 3 illustrated
in FIG. 4.

Further, the output section illustrated in FIG. 11 is different
from the output section 13 of the source driver 3 in that it has
a charge share voltage fixing-use power source 35 and a third
MOS transistor SWb2, and a positive electrode of the charge
share voltage fixing-use power source 35 is connected to an
output terminal of the source driver 3 which terminal is to be
connected to any of the source lines SL(i) via the third MOS
transistor SWb2 as a switching element (In an example illus-
trated in FIG. 11, the positive electrode of the charge share
voltage fixing-use power source 35 is connected to an output
terminal to be connected to n-th source line SLn.).

To the gate terminal of the third MOS transistor SWb2, the
charge share control signal Csh is supplied, and a negative
electrode of the charge share voltage fixing-use power source
35 is grounded.

It is preferable that the charge share voltage fixing-use
power source 35 is a voltage applying section which applies a
fixed voltage Eshp equivalent to a liquid crystal pre-tilt volt-
age by which liquid crystal is pre-tilted.

Note that the fixed voltage Eshp is applied to the pixel
electrode during the charge sharing period Tsh in accordance
with the black voltage application pulse Pb (see FIG. 1), but
the pixel voltage is not strictly a voltage corresponding to
black display, as described above. However, it is possible to
obtain the impulse effect since writing of Eshp brings low
luminance display (low grayscale display) with respect to a
grayscale level of a pixel to be displayed in most of the
grayscale regions.

As in the output section 13 of the source driver 3 illustrated
in F1G. 4, the output section illustrated in FIG. 11 is such that
during the (effective scanning) periods other than the charge
sharing period Tsh, the analogue voltage signals d(1)-d(n)
generated in the data signal generating section 12 are output-
ted as the data signals S(1)-S(n) to the source lines SL1-SLn
via the output buffers 31 in accordance with the charge share
control signal Csh, and during the charge sharing period Tsh,
application of the data signals S(1)-S(n) to the source lines
SL1-SLn is interrupted, and respective pairs of adjacent
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source lines of the source lines SL.1-SLn are short-circuited to
one another. As a result, all of the source lines SL1-SLn are
short-circuited to one another.

In addition, according to the configuration illustrated in
FIG. 11, the voltage Eshp of the charge share voltage fixing-
use power source 35 is applied to each source line SLi (i=1
through n) during the charge sharing period Tsh. Thus, even if
the amount of correction of a source voltage for the compen-
sation for grayscale-level dependency of the feed through
voltage AVd varies depending upon a display grayscale level,
the charge share voltage can be kept to be the same voltage
Eshp all the time during the charge sharing period Tsh that is
the black signal insertion period. This makes it possible to
suppress the occurrence of the shadow pattern as illustrated in
FIG. 10.

Furthermore, application of the liquid crystal pre-tilt volt-
age by which liquid crystal is pre-tilted as the fixed voltage
Eshp enables improvement of decrease in response speed of
liquid crystalin a case where the high luminance pixel voltage
is written in the subsequent frame and in the overshoot driving
in which a voltage having a large potential difference is
applied to the low luminance pixel potential corresponding to
black display (details will be described later).

However, in the configuration example illustrated in FIG.
11, many source lines are connected to the charge share
voltage fixing-use power source 35 via a plurality of MOS
transistors SWb. This requires some time until voltages of all
the source lines SL1-SLn become the same charge share
voltage Esh. This may occur the event that black voltages to
be held in the pixel capacitors of the pixel formation sections
5 cannot be the same at the black insertion depending upon
the duration of the charge sharing period Tsh, and the occur-
rence of the shadow pattern cannot be therefore sufficiently
suppressed.

In view of'this, the following will describe a configuration
example of the output section of the source driver 3 which
output section is arranged such that voltages of all the source
lines SL.1-SLn are changed to the same voltage Esh in a short
time during the charge sharing period Tsh, with reference to
FIG. 12.

FIG. 12 is a circuit diagram illustrating another configura-
tion of the output section 13 of the source driver 3. Among the
constituent elements in the output section 13 illustrated in
FIG. 12, the same constituent elements as those illustrated in
FIG. 11 are given the same reference numerals and explana-
tions thereof are omitted here. As in the configuration of the
output section illustrated in FIG. 11, the output section illus-
trated in FIG. 12 is provided with second MOS transistors
SWec as switching elements respectively for the correspond-
ing source lines SLi (i=1 through n). However, a switch cir-
cuitin the configuration illustrated in FIG. 12 1s arranged such
that one second MOS transistor SWc is inserted between each
ofthe source lines SLi and the charge share voltage fixing-use
power source 35, whereas the switch circuit in the output
section 13 illustrated in FIG. 11 is arranged such that one
second MOS transistor SWb is inserted between respective
pairs of adjacent source lines SL1-SLn. That is, in the con-
figuration illustrated in FIG. 12, the output terminals of the
source driver to be connected to the source lines SLi are
connected to the positive electrode of the charge share voltage
fixing-use power source 35 via any one of the second MOS
transistors SWc.

The charge share control signal Csh is supplied to all the
gate terminals of the second MOS transistors SWc.

As in the output section of the source driver 3 in the con-
figurations illustrated in FIGS. 11 and 4, the output section
illustrated in FIG. 12 is such that during the (effective scan-
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ning) periods other than the charge sharing period Tsh, the
analogue voltage signals d(1)-d(n) generated in the data sig-
nal generating section 12 are outputted as the data signals
S(1)-S(n) in accordance with the charge share control signal
Cshto the source lines SL1-SLn via the output buffers 31, and
during the charge sharing period Tsh, application of the data
signals S(1)-S(n) to the source lines SL.1-SLn is interrupted,
and respective pairs of adjacent source lines are short-cir-
cuited to one another (As a result, all of the source lines
SL.1-SLn are short-circuited to one another.).

In addition, according to the configuration illustrated in
FIG. 12, the voltage Eshp of the charge share voltage fixing-
use power source 35 is applied to each of the source line SLi
(i=1 through n) during the charge sharing period Tsh. Thus,
even if the amount of correction of a source voltage for the
compensation for grayscale-level dependency of the feed
through voltage AVd varies depending upon a grayscale level
for display, the charge share voltage can be kept to be the same
voltage Eshp all the time during the charge sharing period Tsh
as the black signal insertion period. Besides, during the
charge sharing period Tsh, the voltage Eshp of the charge
share voltage fixing-use power source 35 is applied to the
source lines SLi (i=1 through n) via one MOS transistor SWec.
Therefore, voltages of the source lines SLi are changed to the
same voltage Esh in a short time during the charge sharing
period Tsh as the black signal insertion period. This makes it
possible to reliably suppress the occurrence of the shadow
pattern as illustrated in FI1G. 10.

Next, the following will describe a suitable value of the
voltage Eshp of the charge share voltage fixing-use power
source 35 illustrated in FIGS. 11 and 12.

As to the behavior of liquid crystal molecules upon voltage
application, a direction in which liquid crystal molecules
having dielectric anisotropy align is controlled by application
of a voltage to between upper and lower substrates in a liquid
crystal display device. In the vertical alignment mode (VA
mode), in a case where a low voltage is applied to between the
upper and lower substrates (in a case where black writing is
performed with a charge share potential as in the present
embodiment), liquid crystal molecules 20 are vertically
aligned as illustrated in FIG. 13(a). When a high voltage is
applied to between the upper and lower substrates in the
vertical alignment state, the liquid crystal molecules 20 fall
down so as to be horizontally aligned, as illustrated in FIG.
13().

When the liquid crystal molecules are fell down by appli-
cation of a high voltage in a state where a voltage applied to
the liquid crystal molecules 20 is as low as possible, i.e. ina
state where the liquid crystal molecules 20 are aligned as
vertically as possible, a tilt angle which the liquid crystal
molecule 20 forms with a vertical axis 21 with respect to the
substrate can be controlled, as illustrated in FIG. 14. How-
ever, a direction in which the liquid crystal molecule 20 falls
down (horizontal azimuth direction) cannot be controlled.
This gives rise to the problem that no one is sure which
direction the liquid crystal molecules 20 fall down in, as
illustrated in FIG. 15.

That is, the liquid crystal molecules 20 can fall down in
various directions where their energies are stable on a case-
by-case basis. Thereafter, the liquid crystal molecules align in
a correct direction as indicated by an arrow in FIG. 15. How-
ever, it takes much time that the liquid crystal molecules 20
are aligned in the correct direction because they avoid colli-
sion with each other (i.e. they cannot penetrate through each
other). In addition, liquid crystal molecules that are not
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aligned at 45-degree angle with respect to an absorption axis
direction of a polarizing plate which forms crossed Nicols
decrease transmittance.

The above problems mainly occur in the case of a liquid
crystal display device in the VA mode which has a certain type
of alignment state. That is, such aliquid crystal display device
has a rib region and an electrode slit region, as illustrated in
FIG. 16. In the rib region, as illustrated in FIG. 16, a taper
section 22 is provided that has inclined surfaces with respect
to a plane parallel to the substrate, and the liquid crystal
molecules 20 are aligned on a slant along the taper section 22.
Meanwhile, in the electrode slit region, aslit 23 is provided as
illustrated in FIG. 16. At the electrode application, a latent
electric field is applied to the slit 23, which makes it easy for
the liquid crystal molecules 20 to be aligned on a slant.

The liquid crystal molecules 20 provided in a region where
a pre-tilt is extremely small between the rib region and slit
region attempt to align on a slant in the direction where the
liquid crystal molecules 20 provided in the rib region and the
slit region are aligned. However, a tilting function of the
liquid crystal molecules 20 decreases with distance from the
rib region and the slit region, and alignment of the liquid
crystal molecules 20 therefore becomes more close to vertical
alignment. As a result, it takes time for the liquid crystal
molecules 20 to be aligned in the correct direction, as
described above. FIG. 16 illustrates the configuration in
which the rib region and the slit region are provided. How-
ever, this is not the only possibility. Alternatively, only one of
the rib region and the slit region may be provided.

Now, response of the liquid crystal molecules will be
described. As illustrated in FIG. 17(a), in a case where a shift
is performed from a voltage V1 for a desired black signal to a
voltage V2 for a lighting state, a time to reach for an intended
grayscale level (transmittance) in the lighting state is rela-
tively short as indicated by a solid line in FIG. 17(3). On the
other hand, as illustrated in FIG. 17(a), in a case where a shift
is performed from a voltage V3 for black writing (dashed-
dotted line in FIG. 17(a)), which is lower than the voltage V1
for the black signal as illustrated in FIG. 17(a), to the voltage
V2 for the lighting state, a time to reach for the intended
grayscale level (target grayscale level) is very long, as indi-
cated by a dashed-dotted line in FIG. 17(b). This is because it
takes much time that the liquid crystal molecules 20 are
aligned in the correct direction, as described above, and the
response speed is therefore slow.

Next, the following will describe response behavior in the
charge share impulse driving according to the response of the
liquid crystal molecules 20. As illustrated in FIG. 18(a), in a
case where a shift is performed from the voltage V3 for black
writing, which is lower than the voltage V1 for a desired black
signal, to the voltage V2 for the lighting state. In this case,
black writing and the lighting state are alternately repeated as
illustrated in FIG. 18(5), and reach for the target grayscale
level indicating the lighting state is not achieved since the
voltage V3 for black writing is lower than the voltage V1 for
the desired black signal. This causes response failure in sev-
eral frames, and trailing therefore occurs.

On the contrary, in the present embodiment, the voltage V1
for the desired black signal is a voltage for pre-tilt of the liquid
crystal molecules 20. More specifically, the voltage V1 is
expressed by a grayscale level and/or standardized luminance
as below. In the charge share voltage fixing-use power source
35, data signals (non-image signals; pre-tilt signals) to be
supplied to the source lines SL1-SLn at the polarity reversal
of the data signals S(1)-S(n) are set as follows.

As illustrated in FIG. 19, a longitudinal axis indicates
standardized luminance, and a lateral axis indicates a gray-
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scale level. In this case, the non-image signal is preferably
such that y characteristic is 2.2, a grayscale level is 12th
grayscale level or higher level of the 8-bit grayscale expres-
sion (256 grayscale levels), and/or a standardized luminance
is 0.1% or more when a white level is 100% and a black level
is 0%. To obtain these preferable values, the present inventors
examined the level of trailing afterimage with varying levels
of the pretilt signal. When the grayscale level is set to be 12th
grayscale level or higher level (and/or the standardized lumi-
nance is 0.1% or more), trailing afterimage can be improved.

FIGS. 20(a) and 20(b) are graphs for explaining response
of liquid crystal molecules when the pre-tilt signal is set so
that y characteristic is 2.2, and a grayscale level is 12th gray-
scale level or higher level out of 256 display grayscale levels.
As illustrated in FIG. 20(a), assume that black writing is
performed at the voltage V3 under the conditions where the
pre-tilt signal is set so that y characteristic is 2.2, and a
grayscale level is 12th grayscale level or higher level out of
256 display grayscale levels. In this case, as indicated by a
solid line in FIG. 20(b), reach for the target grayscale level is
achieved every time shift is performed from black writing to
lighting state, i.e. response is made in the state where the
voltage V3 for black writing at which no response failure
occurs is applied. This improves the occurrence of trailing.

More specifically, when black writing is performed under
the condition where the pre-tilt signal is set so that y charac-
teristic is 2.2, and a grayscale level is 12th grayscale level or
higher level out of 256 display grayscale levels, liquid crystal
molecules 20 in vertically aligned state tilt slightly, as illus-
trated in FIG. 21. When a high voltage is applied to the liquid
crystal molecules 20 tilting slightly, the liquid crystal mol-
ecules 20 fall down in the desired direction (correct direc-
tion). Therefore, it is possible to prevent the occurrence of
response failure.

Apart from the above, in a case where display luminance T
when white luminance level is 1 and black luminance level is
0 is nearly close to T=(I/Lw)" where L is display grayscale
level, Lw is white display grayscale, and y is y characteristics,
the pre-tilt signal may be a signal indicating Lwx10“>" or
greater. Further, regarding y indicating v characteristics, dis-
play grayscale L is defined as: [=255xT""?? where T is
display luminance when white luminance level is 1 and black
luminance level is 0, and the pre-tilt signal may be a signal
that generates a grayscale voltage higher than a grayscale
voltage obtained when L=12. In these cases, it is also possible
to improve the occurrence of trailing.

Note that y=2.2 is herein formulized as shown above.
Waveforms of a curb indicating y=2.2 are at least the follow-
ing two types of waveforms:

() T=(L/255)*%; and (ii) T=(L/255)/4.5 or (L/255+0.099)/
1.099)*2,

When overshoot driving (OS driving) is performed with
black writing under the conditions where the pre-tilt signal is
set so thaty characteristics is 2.2, and a grayscale level is 12th
grayscale level or higher level out of 256 display grayscale
levels, the following effect is obtained. The OS driving is a
technique for applying a voltage much higher than the target
grayscale voltage to compensate for grayscale transition with
slow response. Generally, the OS driving is a driving per-
formed in accordance with an appropriate amount of OS
(amount of grayscale correction) which is calculated from a
start grayscale level and a target grayscale level. That is, the
amount of OS is calculated by the following equation:

Amount of OS=target grayscale level+a(target gray-
scale level, target grayscale level) (where a is
funetion).
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Therefore, under the situation where a horizontal azimuth
direction cannot be controlled by the above-described voltage
application, OS driving cannot control response characteris-
tics of the liquid crystal display device. That is, the compo-
nent that cannot be controlled by voltage or grayscale level
needs to be considered in performing OS driving, which
requires construction of a special correction algorithm. For
this reason, in order to perform OS driving, an OS calculating
section 73 with a huge circuit size incorporating therein a
correction algorithm that requires complicated calculations,
needed to be provided, as illustrated in FIG. 22, in addition to
a frame memory 71 into which previous data is stored and a
control section 72, which are provided in a liquid crystal
display device that performs normal OS driving. This
increased a circuit size and thus gave rise to the problem of
difficulty of calculation in real time.

On the contrary, in a case where black writing is performed
under the conditions where the pre-tilt signal is set so that a
grayscale level is 12th grayscale level or higher level out of
the 256 grayscale levels (y=2.2) as described above, the align-
ment of liquid crystal molecules can be controlled by gray-
scale (i.e. voltage), which enables a to be corrected by a
simple approximate expression or a lookup table. This allows
a drive circuit of the OS calculating section 73 to be of a
relatively small size, as illustrated in FIG. 23.

In the above case, the pre-tilt signal is a signal indicating
that y characteristics is 2.2 and a grayscale level is 12th
grayscale level or higher level out of 256 display grayscale
levels. However, the present embodiment is not limited to
this. For example, the pre-tilt signal may be a signal indicat-
ing that y characteristics is 2.2 and a grayscale level is 45th
grayscale level or higher level out of 1024 display grayscale
levels. This can also bring the same effect as above.

The following will describe an additional measure for
improvement in the case where a voltage for black writing is
fixed by using the charge share voltage fixing-use power
source 35 as described above. First of all, an ideal voltage-
to-frame relationship for black writing is described. As illus-
trated in FIG. 24, an ideal voltage-to-frame relationship is
such that potential differences a and ¢ for polarity reversal at
the time of writing a video signal are equal to each other, and
potential differences b and d for polarity reversal at the time of
black writing are equal to each other. In this case, potential
differences are identical in each of the states, and it is there-
fore possible to increase a response speed. Polarities of the
potential for black writing are different from each other and
therefore balanced. This makes it possible to increase reli-
ability without the occurrence of electrical offset. The polar-
ity of the pre-tilt signal applied to a pixel at the end of a frame
is preferably identical with the polarity of a data signal in the
subsequent frame. This enables the pixel to be charged in
advance, which is advantageous in terms of increasing a
charging rate of a pixel.

On the other hand, in a case where black writing is per-
formed at a fixed value as described above, potential differ-
ences e and { for polarity reversal at the time of writing a video
signal are different from each other, and potential differences
g and h for polarity reversal at the time of black writing are
different from each other, as illustrated in FIG. 25. Since
response characteristics of liquid crystal vary depending
upon a potential difference, response characteristics vary, and
luminance varies depending upon a polarity. For this reason,
in the case of dot inversion driving, for example, uneven
response with checked pattern occurs. In a case where black
writing is performed at a fixed value, imbalance between
positive and negative polarities of pixels occurs, as illustrated
in FIG. 25. That is, polarities of a voltage for black writing
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become one-sided, which causes electrical offset and thus
gives rise to reliability concerns.

On the contrary, in the present embodiment, rms values at
positive polarity and negative polarity are corrected by adjust-
ing an analogue voltage, as illustrated in FIG. 26. This makes
itpossible to improve reliability and prevent the occurrence of
screen burn-in. Further, digital correction for a proper OS
driving may be performed by (a) the analogue correction and
(b) correction with respect to a video signal to be supplied to
each pixel of the display section 1 according to polarity rever-
sal information, or by the correction (b) only.

The configuration of an overshoot drive circuit (OS drive
circuit) for the digital correction will be described with ref-
erence to a block diagram. The OS drive circuit is provided at
the previous stage of the display control circuit 2 (FIG. 2) and
includes pixel polarity information processing section (polar-
ity information processing section) 51, a control section 52, a
correction amount calculating section 53, a lookup table
(LUT) 54, and an overshoot processing section 55, as illus-
trated in F1G. 27.

The polarity information processing section 51 detects
polarity information on which polarity (+ or -) a pixel takes,
on the basis of a pre-designed condition of inversion driving,
such as dot inversion driving, and positional information of a
pixel in the display section 1 (in a panel). As an example, the
case of the inversion driving condition in a dot inversion
method will be described. The relationship of (x,y) indicating
polarity information of a pixel and an address that is posi-
tional information of a pixel is as follows: As illustrated in
FIG. 28, polarity information of a pixel is + when x and y are
both odd-numbers or even-numbers, and polarity information
of a pixel is — when x and y are respectively an odd number
and an even number, and vice versa. That is, if the inversion
driving condition is determined, it is possible to uniquely
obtain polarity information of a pixel from positional infor-
mation of the pixel.

The control section 52 receives a video signal (digital
image signal DA; FIG. 2) from an external entity, and receives
polarity information (+ or -) of a pixel from the polarity
information processing section 51. The correction amount
calculating section 53 receives a video signal and information
on polarity from the control section 52, and obtains a correc-
tion value with reference to the LUT 54. The correction
amount calculating section 53 transmits the obtained correc-
tion value in the form of correction video signal to the over-
shoot processing section 55 at the subsequent stage. FIG. 29
shows an example of the LUT 54. As illustrated in FIG. 29,
the LUT 54 includes correction values assigned to pieces of
polarity information of pixels and video signals. For example,
in a case where (video signal, polarity information)=(5, +), a
correction value of “8” can be obtained.

The overshoot processing section 55 compares the correc-
tion video signal recently received from the correction
amount calculating section 53 with a previous correction
video signal that has been stored in a frame memory (not
shown), and then transmits an OS driving signal, in which the
recently received correction video signal is emphasized
appropriately, to the display control circuit 2, which is a
display driving section.

The layout of the components in the OS drive circuit is not
limited to the layout illustrated in FIG. 27, and may be the
layout as below. In FIG. 27, the components are arranged,
from the front end to the rear end of the OS drive circuit, in the
following order: the pixel polarity information processing
section 51 and the control section 52—the correction amount
calculating section 53 and the lookup table 54,—the over-
shoot driving section 55. However, as illustrated in FIG. 30,
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the components may be arranged, from the front end to the
rear end of the OS drive circuit, in the following order: the
overshoot driving section 55—the pixel polarity information
processing section 51 and the control section 52—=the correc-
tion amount calculating section 53 and the lookup table 54.
That is, the digital correction and the overshoot driving may
be performed in reversed order.

The following will describe how the OS drive circuit illus-
trated in FIG. 30 operates. Explanation of the same matters as
those that have been already described will be omitted appro-
priately.

The overshoot driving section 55 receives a video signal
from an external entity, compares the currently received video
signal with the previous video signal, and transmits an OS
correction signal indicative of the amount of overshoot cor-
rection, in which the current video signal is emphasized prop-
erly, to the control section 52. The control section 52 that has
received the OS correction signal receives polarity informa-
tion (+ or -) of a pixel from the polarity information process-
ing section 51.

The correction amount calculating section 53 receives the
OS correction signal and the polarity information from the
control section 52, and then obtains a correction value as the
amount of grayscale correction with reference to the LUT 54.
The correction amount calculating section 53 transmits the
correction value as the correction driving signal to the display
control circuit 2, which is a display drive section.

Next, FIG. 31 shows an example of the LUT 54 illustrated
in FIG. 30. As illustrated in FIG. 31, the LUT 54 includes
correction values assigned to pieces of polarity information of
pixels and OS correction signals. For example, in a case
where (OS correction signal, polarity information)=(5, +), a
correction value of “6” can be obtained.

By the digital correction as above, it is possible to perform
grayscale correction as illustrated in FIG. 32. With this
arrangement, potential differences 1and j for polarity reversal
at the time of writing a video signal can be made substantially
identical with each other, and potential differences k and I for
polarity reversal at the time of black writing can be made
substantially identical with each other, while a voltage for
black writing is kept fixed. As a result of this, potential dif-
ferences become identical in each of the states, and it is
therefore possible to increase a response speed.

Further, a backlight provided in the liquid crystal display
device may be turned off in sync with the timing of black
writing. The backlight is provided on the backside of a liquid
crystal display panel 81 of the liquid crystal display device.
As illustrated in FIG. 33, the backlight includes: a plurality of
(eight) direct-projection fluorescent lamps (backlights) 82a-
824; a plurality of inverters 83a-83/ respectively connected
to the fluorescent lamps 824-824%; changeover switches 84a-
847 respectively connected to the inverters 83a-83%; and a
backlight drive circuit 85 which unifies the changeover
switches 84a-84/.

The fluorescent lamps 82a-82% are arranged in parallel to
the gate lines GL1-GLm (FIG. 2), and turned on/off in the
arranged order in sync with the scanning signals G(1)-G(m)
(FIG. 2). As described above, the inverters 83¢-83/ and the
changeover switches 84a-84/ are provided respectively for
the fluorescent lamps 82a-824, so that the fluorescent lamps
824-82/ can be turn on/off independently. As illustrated in
FIG. 33, the fluorescent lamps 82a-82% are provided corre-
sponding to eight division display areas into which the liquid
crystal display panel 81 is divided into eight areas in the
vertical direction. The fluorescent lamps 82 can be, for
example, cold-cathode tubes.
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The backlight drive circuit 85 controls turn-off/on of the
fluorescent lamps 82a-82% by turning on/off the changeover
switches 84a-84/ in sync with the scanning signals G(1)-G
(m) supplied from an external entity.

Next, the operation of the backlight will be described. FIG.
34(a) is a waveform diagram of a scanning signal applied to
a certain gate line GLj in one vertical scanning period (1V).
FIG. 34(b) is a waveform diagram showing turn-on/oft of the
backlight in one vertical scanning period (1V). In FIG. 34(4),
the backlight is turned on at high level and turned off at low
level. For example, when the pixel data write pulse Pw is
applied to the gate line GL1, which is provided in the first
(top) division area as illustrated in FIG. 34(a), the backlight
drive circuit 85 turns on the changeover switch 844, which is
provided corresponding to the fluorescent lamp 82a, in sync
with the pixel data write pulse Pw to turn on the fluorescent
lamp 82a.

Next, when the black voltage application pulse Pb is
applied to the gate line GL.1 as illustrated in FIG. 34(a), the
backlight drive circuit 85 turns off the changeover switch 84«,
which is provided corresponding to the fluorescent lamp 824,
in sync with the application of the black voltage application
pulse Pb to turn off the fluorescent lamp 82a as illustrated in
FIG. 34(b). Then, the fluorescent lamp 824 maintains a turn-
off state until the pixel data write pulse Pw is applied to the
gate line GL1 in next frame.

Similarly, the above operation is performed in each of the
division display areas. That is, in the division display areas,
the turn-off and turn-on of the fluorescent lamps 82a-82#,
which area provided respectively for the division display
areas, are performed in every one vertical scanning period.
With the arrangement in which the fluorescent lamps 82a-82/
are turned off in sync with the application of the black voltage
application pulse Pb as described above, the amount of trans-
mitted light can be decreased, for example, even in a case
where pixel transmittance of the liquid crystal display panel
81 insufficiently decreases due to application of incomplete
black voltage. Therefore, it is possible to increase the impulse
effect. That is, it is possible to independently determine a
pre-tilt voltage with the main aim of improving a response
speed of liquid crystal.

In the above example, the number of fluorescent lamps
82a-82h is 8, which is not the only possibility. With increase
of the number of fluorescent lamps 82a-824, the number of
gate lines for each fluorescent lamp decreases. This reduces
luminance unevenness caused by difference in times for
application of the pixel data write pulse Pw and the black
voltage application pulse Pb to the gate lines GLj. However,
the number of fluorescent lamps 82a-82%, the number of
inverters 83a-83%, the number of changeover switches 84a-
84/ increase. This increases production cost and power con-
sumption.

If there are too few fluorescent lamps 82a-824, a desired
display luminance cannot be obtained. In this case, fluores-
cent lamps 82a¢-82/ may be hot-cathode tubes in order to
increase luminescent efficiency of the fluorescent lamps 82a-
82h. Alternatively, the fluorescent lamps 82a-82/4 may be
light sources such as LEDs. In a case where the fluorescent
lamps 82a-82/ are LEDs, it is possible to divide the division
display area more flexibly.

In the above case, the fluorescent lamps 82a-82% are com-
pletely turned off by the changeover switches 84a-84%. Alter-
natively, luminance of the fluorescent lamp, i.e. lamp lumi-
nance may be decreased by control of lamp currents flown to
the fluorescent lamps 82a-82/ in a state where the fluorescent
lamps 82a-82/ are turned on. Further, in the above case, the
fluorescent lamps 82a-82/ are turned on/off in sync with the
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pixel data write pulse Pw and the black voltage application
pulse Pb applied to the (first) gate line GL1 at the first line in
each of the division display areas. In order to increase the
uniformity of the impulse effect due to turn-off of the fluo-
rescent lamps 82a-82% in the division display areas, it is
preferable that the fluorescent lamps 82a-82% are turned
on/offin sync with the pixel data write pulse Pw and the black
voltage application pulse Pb applied to the gate line in the
center of each of the division display areas. However, turn-
on/off of the fluorescent lamps 82a-82/ may be in sync with
the pixel data write pulse Pw and the black voltage applica-
tion pulse Pb applied to any of the gate lines.

Further, a television receiver to which the above liquid
crystal display device is applied will be described with refer-
ence to FIGS. 35 through 37. That is, each of the above liquid
crystal display devices can be used in a television receiver.

FIG. 351s a circuit block diagram of a liquid crystal display
device for use in a television receiver. As illustrated in FIG.
35, the liquid crystal display device includes a Y/C separation
circuit 90, a video chroma circuit 91, an A/D converter 92, a
liquid crystal controller 93, a liquid crystal panel 94, a back-
light drive circuit 95, a backlight 96, a microcomputer 97, and
a grayscale circuit 98.

The liquid crystal panel 94 may be of any of the arrange-
ments inthe embodiments described previously. In the above-
arranged liquid crystal display device, an input video signal
of a television signal is supplied to the Y/C separation circuit
90 to be separated into a luminance signal and a color signal.
The luminance signal and the color signal are converted into
R, G, B, which are light’s three primary colors, by the video
chroma circuit 91. Further, the analogue RGB signal is con-
verted into a digital RGB signal by the A/D converter 92, and
the digital RGB signal is then supplied to the liquid crystal
controller 93.

To the liquid crystal panel 94, the RGB signal from the
liquid crystal controller 93 is supplied at a predetermined
timing, while grayscale voltages respectively corresponding
to R, G, B are supplied from the grayscale circuit 98, whereby
an image is displayed. Control of the whole system, including
these operations, is performed by the microcomputer 97.
Note that displayable video signals are various kinds of video
signals including a video signal based on television broad-
cast, a video signal corresponding to an image captured by a
camera, and a video signal supplied via the Internet.

Further, a tuner section 99 illustrated in FIG. 36 receives a
television broadcast and outputs corresponding video signals.
On the liquid crystal display device (display device) 200, an
image (video image) is displayed in accordance with the
video signals outputted from the tuner section 99.

Inacasewhere the liquid crystal display device arranged as
above is a television receiver, a liquid crystal display device
200 is sandwiched between a first case 201 and a second case
206 so as to be encased in between the first case 201 and the
second case 206, for example, as illustrated in FIG. 37. The
first case 201 has an opening 201a which transmits a video
imagetobe displayed on the liquid crystal display device 200.
The second case 206 is the one with which the rear surface of
the liquid crystal display device 200. The second case 206 is
provided with an operation circuit 205 for operating the liquid
crystal display device 200, and a support member 208 is
attached to the lower end of the second case 206.

The gate driver 4 is not limited to the gate driver having the
configuration illustrated in FIGS. 5(a) and 5(b), as long as it
generates the scanning signals G(1)-G(m) illustrated in (d)
and (e) of FIG. 1. In the above case, three black voltage
application pulses Pb are applied to each of the gate line GL;j
in each frame period, as illustrated in (d) and (e) of FIG. 1.
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The number of black voltage application pulses Pb in one
frame period, i.e. the number of times one gate line becomes
in a selected state in the black signal insertion period in each
frame period is not limited to three. The number of black
voltage application pulses Pb is merely required to be not less
than one, on condition of allowing for a black-level display.
As is apparent from (f) in FIG. 1, by changing the number of
black voltage application pulses Pb in one frame period, it is
possible to set black level (display luminance) in the black
display period Tbk at a desired value.

Further, in the above embodiment, the black voltage appli-
cation pulse Pb is applied to each of the gate lines GLj ((d) and
(e) of FIG. 1) at a point in time when the pixel data holding
period Thd, which is % frame period long, elapses since the
application of the pixel data write pulse Pw, and black inser-
tion of approximately 4 frame period is performed in each
frame. However, the black display period Tbk is not limited to
14 frame period. A longer black display period Tbk brings a
profound effect of impulse display and is effective in improv-
ing moving image display performance (e.g. suppression of
trailing afterimage), but decreases display luminance. There-
fore, the black display period Tbk is appropriately set in
consideration of the effect of impulse display and display
luminance.

In the above embodiment, as illustrated in FIGS. 11 and 12,
switching circuit by which the application of the data signals
S(1)-S(n) to the source lines SL.1-SLn during the charge
sharing period Tsh is interrupted and the source lines SL.1-
SLn (adjacent source lines) are caused to short-circuit to one
another are constituted by (i) the first MOS transistors SWa,
(ii) either the second MOS transistors SWh and the third MOS
transistors SWb2 or the second MOS transistors SWc, and
(ii1) the inverters 33, and the switching circuits are included in
the source driver 3. Alternatively, part or all of the switching
circuits may be provided outside the source driver 3, for
example, a switching circuit is integrated with a pixel array in
the display section 1, by using TFT.

FIG. 38 is a circuit diagram illustrating another configura-
tion of the output section 13 ofthe source driver 3. (a) through
(d) in FIG. 39 are waveform diagrams for explaining a
method of driving the source driver 3 that includes the output
section 13 illustrated in FIG. 38.

The output section 13 illustrated in FIG. 38 is substantially
the same as the output section 13 of the source driver 3
illustrated in FIG. 12. Therefore, only differences from the
output section 13 of the source driver 3 illustrated in FIG. 12
will be described. The output section illustrated in FIG. 38
includes a first polarity reversal power source 100 that
reverses polarities, instead of the charge share voltage fixing-
use power source 35 illustrated in FIG. 12. The output section
13 illustrated in FIG. 38 includes a first charge share control
signal source 101 that generates the charge share control
signal Csh. The first charge share control signal source 101 is
also provided in the output section 13 illustrated in FIGS. 11
and 12. To the source lines SL.1-SLn, pixels (picture ele-
ments) 102 are provided. At the previous stage of each of the
output buffers 31, an input signal source 111 which generates
an analogue voltage signal d(i) is provided.

Especially, to the first polarity reversal power source 100
connected to the second MOS transistor SWc, gate start pulse
GSP is supplied. The first polarity reversal power source 100
generates a voltage whose polarity reverses in sync with the
supplied gate start pulse GSP. “Polarity reversal” means
change from positive (+) polarity to negative (-) polarity and
vice versa with respect to a common voltage.

More specifically, at the short circuit by a charge share
control signal csha that is synchronized with GSPa ((a) in
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FIG. 39) corresponding to the pixel data write pulse and at the
short circuit ((b) in FIG. 39) by a charge share control signal
cshb, voltages that are opposite in polarity are applied respec-
tively to the source lines SLn and SLn+1 ((¢) and (d) in FIG.
39). Such an application of voltages of opposite polarities is
performedin each 1V (1 frame; one vertical scanning period).

In the present embodiment, the gate start pulse GSP is also
supplied in a period corresponding to the black voltage appli-
cation pulse (i.e. there is also a gate start pulse GSP for black
insertion.). Therefore, the first polarity reversal power source
100 reverses polarities of voltages upon application of the
gate start pulse GSP other than the gate start pulse GSP for
black insertion. Thus, the first polarity reversal power source
100 reverses the polarities every time two gate start pulses
GSP are supplied. This makes it possible to reverse the polari-
ties in each frame, thus preventing the occurrence of screen
burn-in caused by application of voltages of one-side polarity.

FIG. 40 is a circuit diagram illustrating still another con-
figuration of the output section 13 of the source driver 3. (a)
through (e) in FIG. 41 are waveform diagrams for explaining
a method of driving the source driver 3 that includes the
output section 13 illustrated in FIG. 40.

The output section 13 illustrated in FIG. 40 includes a
second polarity reversal power source 103, instead of the first
polarity reversal power source 100 of the output section illus-
trated in F1G. 38. To the second polarity reversal power source
103, the gate clock signal GCK is supplied from an external
entity, as illustrated in FIG. 40. The second polarity reversal
power source 103 generates voltages whose polarities are
reversed in sync with the supplied gate clock signal GCK.

More specifically, at the short circuit by the charge share
control signal csh ((¢) in FIG. 41) supplied in sync with the
gate clock signal GCK ((b) in FIG. 41), voltages that are
opposite in polarity are applied to the source lines SLn and
SLn+1 ((d) and (e) in FIG. 41). Such an application of volt-
ages of opposite polarities is performed in each 1H (one
horizontal scanning period). Therefore, with the configura-
tion of the output section illustrated in FIG. 39, it is possible
to further prevent the occurrence of screen burn-in caused by
application of voltages of one-side polarity.

FIG. 42 is a circuit diagram illustrating yet another con-
figuration of the output section 13 of the source driver 3. (a)
through (f) in FIG. 43 are waveforms for explaining a method
of driving the source driver 3 that includes the output section
13 illustrated in FIG. 42. The output section 13 illustrated in
FIG. 42 includes, in addition to the first charge share control
signal source 101, a second charge share control signal source
105 that is provided in parallel to the first charge share control
signal source 101.

Further, at the subsequent stage of the first charge share
control signal source 101 and the second charge share control
signal source 105, an OR gate 106 is provided to which charge
share control signals csh1 and chh2 that are generated respec-
tively by the first charge share control signal source 101 and
the second charge share control signal source 105, and output
of the OR gate 106 is supplied to the inverter 33.

Especially, the output section 13 illustrated in FIG. 42 is
provided with fourth MOS transistors SWd on the source
lines SLi near the pixels 102 with respect to the second MOS
transistors SWc. Each of the fourth MOS transistors SWd is
provided between each of pairs of the adjacent source lines of
the source lines SL1-SLn. Gate terminals of the fourth MOS
transistors SWd are integrated separately on the odd-num-
bered line and even-numbered line of the source lines SL1-
SLn. To the integrated gate terminals on the odd-numbered
line and the integrated gate terminals on the even-numbered
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line, the charge share signal csh2 which is generated by the
second charge share control signal source 105 is supplied.

To the odd-numbered source lines SL.1, SL3, . . ., voltages
generated by the second polarity reversal power source 103
(i.e. voltages whose polarities are reversed in sync with the
gate clock signal GCK) are applied. To the even-numbered
source lines SI.2, ST 4, . . ., voltages obtained by the inverter
107 reversing polarities of the voltages generated by the sec-
ond polarity reversal power source 103 are applied.

More specifically, charge share control signals cshl and
csh2 ((b) and (c) in FIG. 43) shifted in time from each other
are generated in sync with the gate clock signal GCK ((b) in
FIG. 43). At the point in time when the charge share control
signal cshl is supplied, all of the source lines SL1-SLn are
short-circuited so that electric charges on the source lines
SL1-SLn are neutralized. Thereafter, at the time when the
charge share control signal csh2 is supplied, voltages that are
opposite in polarity between the adjacent source lines Sn and
Sn+1 are applied ((e) and (f) in FIG. 43). Thus, voltages
whose polarities are reversed in each horizontal scanning
period, and whose polarities are opposite between the adja-
cent source lines are applied. Therefore, it is possible to
prevent the occurrence of screen burn-in.

As illustrated in (e) and (f) of FIG. 43, the polarity of a
non-image signal corresponding to the charge share control
signal csh2 is identical with the polarity of a data signalin the
subsequent horizontal scanning period. This is advantageous
in increasing a charging rate. Details will be described in
Second Embodiment below.

Further, it is desirable that the polarity of a data signal
supplied to a pixel in the subsequent frame is identical with
the polarity of the last pre-tilt signal (non-image signal) sup-
plied to the pixel in the previous frame. This is advantageous
in increasing a charging rate of the pixel. Details will be
described in Second Embodiment below.

FIG. 44 is a circuit diagram illustrating still another con-
figuration of the output section 13 of the source driver 3. (a)
through (e) in FIG. 45 are waveform diagrams for explaining
a method of driving the source driver 3 that includes the
output section 13 illustrated in FIG. 44.

The output section includes, in addition to the components
in the source driver 3 illustrated in FIG. 12, constant-voltage
diodes 108 are provided between the second MOS transistors
SWc and the charge share voltage fixing-use power source 35.
That is, the constant-voltage diodes 108 are connected
respectively to the second MOS transistors SWe, and inte-
grated by one line, to which the charge share voltage fixing-
use power source 35 is connected. A voltage of the fixed
power source is, for example, a medium value between a
maximum value and a minimum value of a data signal volt-
age.

With the constant-voltage diode 108 provided, a voltage is
incompletely removed from the source line SLi and a voltage
of a given value remains in the source line SLi, even after the
supply of the charge share control signal csh, i.e. even after
the short circuit of the source line SLi. The voltage of a given
value can be adjusted by appropriate selection of a zener
voltage of the constant-voltage diode.

More specifically, at the point in time when the charge
share control signal csh is supplied in sync with the gate clock
signal GCK ((b) in FIG. 45), all of the source lines SL.1-SLn
are short-circuited and voltages from the charge share voltage
fixing-use power source 35 are applied to the source lines
SL1-SLn. At this time, voltages are held on the source lines
SL1-SLn by the constant-voltage diodes 108. Therefore, volt-
ages that are opposite in polarity between the adjacent source
lines Sn and Sn+1 are applied ((d) and (e) in FIG. 45). The
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“voltages that are opposite in polarity” can be determined by
a preset voltage of the fixed power source and a zener voltage
of the constant-voltage diode.

It is advantageous in increasing a charging rate that the
polarity of a non-image signal corresponding to the charge
share control signal csh is identical with the polarity of a data
signal in the subsequent horizontal scanning period, although
the polarities are opposite to each other in (d) and (e) of FIG.
45.

It is desirable that the polarity of a data signal supplied to a
pixel in the subsequent frame is identical with the polarity of
the last pre-tilt signal (non-image signal) supplied to the pixel
in the previous frame. This is advantageous in increasing a
charging rate of the pixel. Details will be described in Second
Embodiment below.

Further, the descriptions of the above embodiment assume
that at the supply of the charge share control signal, the source
line SLi is short-circuited and a voltage for writing black is
applied to the short-circuited source line SLi, so that black
writing is performed. However, this is not the only method for
black writing.

FIG. 46 is a circuit diagram illustrating yet another con-
figuration of the output section of the source driver. (a)
through (i) in FIG. 47 are waveform diagrams for explaining
a method of driving the source driver 3 that includes the
output section illustrated in FIG. 46. In the output section
illustrated in FIG. 46, the charge share voltage fixing-use
power source 35 as illustrated in FIGS. 11, 12, and 42 are not
provided, and the first polarity reversal power source 100 and
the second polarity reversal power source 103 illustrated in
FIGS. 38, 40, and 42 are also not provided. Rather than
provided with the charge share voltage fixing-use power
source 35, the first polarity reversal power source 100, and the
second polarity reversal power source 103, the output section
illustrated in F1G. 46 is arranged such that non-image signals
(signals for writing black) N(1)-N(m) are supplied via the
fifth MOS transistors SWe to the source lines SLi. To one end
of the fifth MOS transistor SWe, the output buffer 110 is
connected. To the other end of the fifth Mos transistor SWe,
the first MOS transistor Swa is connected via the source line
SLi. To the gate terminal of the fifth MOS transistor SWe, the
charge share control signal is supplied.

More specifically, as illustrated in (f) and (g) of FIG. 47,
non-image signals N(n) and N(n+1) whose polarities are
opposite to each other and repeat High level and Low level in
each 1H, are applied to the source lines SL.n and SLn+1,
respectively. A timing of the polarity reversal of these non-
image signals N(n) and N(n+1) is shifted by 142H from a
timing of the polarity reversal of the analogue voltage signal
d(n) applied to the source lines SLn and SLn+1 ((d) and (e) in
FIG. 47). According to the above arrangement, the signal for
black writing (non-image signal N(n)) is applied directly to
eachofthe source lines SLi, so that black writing is performed
((h) and (i) in FIG. 47).

It is advantageous in increasing a charging rate that the
polarity of a non-image signal corresponding to the charge
share control signal chs is identical with the polarity of a data
signal in the subsequent horizontal scanning period, although
the polarities are opposite to each other in (h) and (i) of FIG.
47.

It is desirable that the polarity of a data signal supplied to a
pixel in the subsequent frame is identical with the polarity of
the last pre-tilt signal (non-image signal) supplied to the pixel
in the previous frame. This is advantageous in increasing a
charging rate of the pixel. Details will be described in Second
Embodiment below.
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Finally, blocks of the OS drive circuit illustrated in FIGS.
27 and 30, especially the polarity information processing
section 51 and the correction amount calculating section 53,
may be constituted by hardware logic, or may be realized by
software by means of a CPU as below.

That is, the OS driver circuit includes a CPU (central pro-
cessing unit) that executes the order of a control program for
realizing the aforesaid functions, ROM (Read Only Memory)
that stores the control program, RAM (Random Access
Memory) that develops the control program, and a storage
device (storage medium), such as memory, that stores the
control program and various types of data therein. The object
of the present invention can be realized by a predetermined
storage medium. The storage medium stores, in computer-
readable manner, program codes (executable code program,
intermediate code program, and source program) of the con-
trol program of the OS drive circuit, which is software for
realizing the aforesaid functions. The storage medium is pro-
vided to the OS drive circuit. With this arrangement, the OS
driver circuit (alternatively, CPU or MPU) as a computer
reads out and executes program code stored in the storage
medium provided.

The storage medium may be tape based, such as a magnetic
tape or cassette tape; disc based, such as a magnetic disk
including a Floppy® disc and hard disk and optical disk
including CD-ROM, MO, MD, DVD, and CD-R; card based,
such as an IC card (including a memory card) and an optical
card; or a semiconductor memory, such as a mask ROM,
EPROM, EEPROM, and a flash ROM.

Further, the OS drive circuit may be arranged so as to be
connectable to a communications network so that the pro-
gram code is supplied to the OS drive circuit through the
commuuications network. The communications network is
not to be particularly limited. Examples of the communica-
tions network include the Internet, intranet, extranet, LAN,
ISDN, VAN, CATV communications network, virtual private
network, telephone network, mobile communications net-
work, and satellite communications network. Further, a trans-
mission medium that constitutes the communications net-
work is not particularly limited. Examples of the transmission
medium include (i) wired lines such as IEEE 1394, USB,
power-line carrier, cable TV lines, telephone lines, and ADSL
lines and (ii) wireless connections such as IrDA and remote
control using infrared light, Bluetooth®, 802.11, HDR,
mobile phone network, satellite connections, and terrestrial
digital network. Note that the present invention can be also
realized by the program codes in the form of a computer data
signal embedded in a cartier wave which is embodied by
electronic transmission.

Second Embodiment

Next, the following will describe another embodiment of
the present invention. A driving method of a liquid crystal
display device according to the present invention may be such
that polarities of pixels are reversed every plural horizontal
scanning periods. The present embodiment describes a driv-
ing method of nH inversion (n is an integer not less than 2) in
which the polarity of a data signal is reversed for each group
of plural scanning lines.

Although First Embodiment takes as an example driving in
which the polarity of a signal is reversed in each horizontal
scanning period (i.e. 1H inversion driving), the present Sec-
ond Embodiment is different from First Embodiment in that
2H inversion is adopted rather than 1 H inversion. Explanation
of the points that are in common with First Embodiment will
be omitted, and only differences therebetween will be
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explained. Members and signals that are in common with
those in First Embodiment are given the same names and
reference numerals (or symbols), and explanations thereof
are omitted.

First of all, as an example of nH inversion driving, 2H
inversion driving in which the polarity of a signal on a data
signal line is reversed every two horizontal scanning periods
will be described. The 2H inversion driving includes: 2H dot
inversion (see FIG. 49(a)) in which polarities are reversed for
each group of the adjacent source lines (data signal lines); and
2H line inversion (see FIG. 49(5)) in which polarities are not
reversed for each group of the adjacent source lines (data
signal lines). Whether 2H dot inversion or 2H line inversion is
adopted does not inherently affect the present embodiment.
Therefore, the present embodiment will be described below
without specifying whether 2H dot inversion or 2H line inver-
sion is adopted, unless otherwise specified.

In such a 2H inversion driving, it is preferable that a non-
image signal is applied to a data signal line both at the point in
time between the horizontal scanning periods in which polari-
ties are reversed and at the point in time between the horizon-
tal scanning periods in which polarities are not reversed, so
that scanning signal lines are selected concurrently with
application of the non-image signal. That is, it is preferable
that black insertion (non-image insertion period) is per-
formed by insertion of an intermediate voltage (non-image
signal) to the source lines at the point in time between the first
and second horizontal scanning periods. This makes it easy to
adjust timings and total time of'the start and end of application
of the non-image signal to a pixel on each of the scanning
signal lines. This makes it possible to improve display
unevenness that can occur between the scanning lines.

A liquid crystal display device according to the present
embodiment is arranged similarly to the liquid crystal display
device illustrated in FIG. 2 according to First Embodiment.
FIG. 48 shows waveforms of signals ina liquid crystal display
device according to the present embodiment. In FIG. 48, (a) is
awaveform diagram showing an analogue voltage signal, (b)
is a waveform diagram showing a charge share control signal,
(c) is a waveform diagram showing a data signal, (d) is a
waveform diagram showing a scanning signal G(j) applied to
a gate line GLjj, (e) is a scanning signal G(j+1) applied to a
gate line Gj+1, and (f) shows a waveform diagram showing
luminance of a pixel. Explanation of commonalities between
the waveforms of the present embodiment illustrated in FIG.
48 and the waveforms of First Embodiment illustrated in FIG.
1 will be omitted, and only differences therebetween will be
explained.

In 2H inversion driving, an analogue voltage signal whose
polarity is reversed every two horizontal scarning periods
(2H) as a video signal d(i) generated by the data generating
section 12 of the source driver 3, as illustrated in (a) of FIG.
48. Difference from First Embodiment is in that the charge
share control signal Csh goes high level during two consecu-
tive horizontal scanning periods in which polarity reversal is
not performed, as shown in (b) of F1G. 48.

With this arrangement, a data signal S(i) applied to a source
line is as shown in (c) of FIG. 48, and a non-image signal is
applied during periods in which polarity reversal is not pet-
formed. (c) in FIG. 48 shows an ideal waveform of the data
signal S(1), but an actual waveform thereof is distorted to
some extent. In the case of 2H inversion as in the present
embodiment, a non-image signal is applied both during con-
secutive periods in which polarity reversal is performed and
during consecutive periods in which polarity reversal is not
performed, whereby difference in charging rate occurs
between a pixel whose polarity is reversed and a pixel whose
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polarity is not reversed. This makes it possible to prevent the
occurrence of unfavorable streaks every 2H periods.

As illustrated in the scanning signal G(j) in (d) of FIG. 48,
a scanning line is made in a selected state (Pb) (Pb is also
referred to as black insertion application pulse) with a non-
image signal regardless of the presence or absence of polarity
reversal. With this, luminance (j,i) determined by a voltage
applied to a pixel (j, 1) becomes as illustrated in (f) of FI1G. 48.
In the case of 2H inversion, the number of black insertion
application pulses (Pb)is preferably an even number. Accord-
ing to this, between the adjacent scanning lines, the number of
black insertion application pulses (Pb) at the time when polar-
ity reversal is performed can be identical with the number of
black insertion application pulses (Pb) at the time when polar-
ity reversal is not performed. As a result of this, it is possible
to improve display unevenness that occurs on each scanning
line.

In the case of 2H inversion, the number of black insertion
application pulses (Pb) is more preferably a multiple number
of 4 (e.g. 4) since the polarity of a data signal is changed
from +(positive) to —(negative) and vice versa.

A preferable method has been described above. In the
present invention, in a case where polarity is reversed for each
group of plural scanning lines (i.e. nH inversion (n is an
integer not less than 2)), a non-image signal is applied to a
data signal line during the horizontal scanning periods where
polarity reversal is performed so that a scanning signal line is
selected concurrently with the application of the non-image
signal, and a non-image signal is applied to a data signal line
during the horizontal scanning periods where polarity rever-
sal is not performed so that a scanning signal line is selected
concurrently with the application of the non-image signal. In
the present invention, interlaced scanning may be performed
so as to be shifted by 1H, although it is not shown.

The above description has showed the 2H inversion in
which the polarity of a data signal is reversed every two
horizontal scanning periods. However, the present invention
is not limited to this. Polarity reversal may be performed
every three or more horizontal scanning periods. FIG. 50
shows waveforms of the signals in the case of 4H inversion
(4H dot inversion) as an example of polarity reversal of the
data signal every three or more horizontal scanning periods.
As illustrated in FIG. 50, the signal Csh is supplied during the
periods in which polarity reversal is not performed, as in the
case of 2H inversion. The other arrangements are the same as
those in FIG. 48, and explanation thereof is omitted.

In FIG. 50, the number of black insertion application
pulses (Pb) is 4. This is because if the number of black
insertion application pulses (Pb) is not a multiple number of
4, unevenness can occur due to difference between four scan-
ning lines in the number of black insertion application pulses
applied at the timing other than the timing when the polarity
ofadatasignal is reversed. That is, in the case of nH inversion,
it is desirable that the number of black insertion application
pulses (Pb) is a multiple number of n.

Furthermore, in the case of 4H inversion, the number of
black insertion application pulses (Pb) is more preferably
4x2m (m is an integer not less than 1). With this arrangement,
in a case where the polarity of a data signal is reversed on each
scanning signal line, the number of times the non-image
signal is selected during a positive-to-negative reversal can be
made identical with thenumber of times the non-image signal
is selected at a negative-to-positive reversal. [n addition, in a
case where the polarity ofa data signal is not reversed on each
scanning signal line, the number of times the non-image
signal is selected during positive polarity periods can be made
identical with the number of times the non-image signal is
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selected during negative polarity periods. This makes it pos-
sible to decrease the difference in charging rate between the
adjacent pixels and to further improve unevenness that occurs
on each scanning line. That is, in the case of nH inversion, the
number of black insertion application pulses (Pb) is prefer-
ably a multiple number of 2n.

As in the case of First Embodiment, the non-image signal
can be a pre-tilt signal by which liquid crystal molecules are
pre-tilted, in Second Embodiment. The following will
describe, as an example, the case where the non-image signal
is a pre-tilt signal by which liquid crystal molecules are pre-
tilted in the 2H inversion.

FIGS. 51 and 52 are diagrams for explaining the case
where the non-image signal can be a pre-tilt signal by which
liquid crystal molecules are pre-tilted in the 2H dot inversion
driving. FIG. 51 is a waveform diagram for explaining a
driving method in this case. FIG. 52 is a circuit diagram
illustrating an exemplary configuration of the output section
13 of the source driver 3 whose outputs are in waveforms
illustrated in FIG. 51. FIG. 53 is a block diagram illustrating
a liquid crystal display device having the output section 13
illustrated in FIG. 52 together with an equivalent circuit of a
display section of the liquid crystal display device. FIG. 54 is
a block diagram illustrating the configuration of a source
driver illustrated in FIG. 53.

In FIG. 53, (i) a reverse signal REV that determines polar-
ity reversal of a pre-tilt signal and (ii) a pre-tilt signal PT that
determines an electric potential are supplied from the display
control circuit 2 to the source driver 3. In the source driver 3,
the reverse signal REV is supplied to the data signal generat-
ing section 12, and the pre-tilt signal PT is supplied to the
output section 13, as illustrated in FIG. 54. The other arrange-
ments are the same as those in First Embodiment, and expla-
nation thereof is omitted.

The configuration of the output section 13 illustrated in
FIG. 52 is substantially the same as that of the output section
13 of the source driver 3 illustrated in FIG. 40. Therefore, only
differences from the output section 13 of the source driver 3
illustrated in FIG. 40 will be described. The output section
illustrated in FIG. 52 includes a third polarity reversal power
source 113, instead of the second polarity reversal power
source 103 illustrated in F1G. 40.

Especially, the output section 13 illustrated in FIG. 52 is
provided with fourth MOS transistors SWd on the source
lines SLi near the pixels 102 with respect to the second MOS
transistors SWc. Each of the fourth MOS transistors SWd is
provided between each of pairs of the adjacent source lines of
the source lines SL1-SLn. Gate terminals of the fourth MOS
transistors SWd are integrated separately on the odd-num-
bered line and even-numbered line of the source lines SL1-
SLn.

To the odd-numbered source lines SL1, SL.3, . . ., voltages
generated by the third polarity reversal power source 113 are
applied. To the even-numbered source lines SL.2, SI4, .. .,
voltages obtained by the inverter 107 reversing polarities of
the voltages generated by the third polarity reversal power
source 113 are applied.

The third polarity reversal power source 113 reverses
polarities of the pre-tilt signal (non-image signal) and the data
signal (image signal) with reference to a charge share control
signal Csh ((b) in FIG. 51) and the reverse signal REV ((A) in
FIG. 51). “Polarity reversal” means change from positive (+)
polarity to negative (-) polarity and vice versa with respect to
a common voltage.

More specifically, at the short circuit by a charge share
control signal Csha' and at the short circuit ((b) in FIG. 51) by
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a charge share control signal Cshb', voltages that are opposite
in polarity are applied to the source lines SLn and SLn+1,
respectively.

Next, the driving of the source driver 3 that includes the
output section 13 illustrated in FIG. 52 will be described with
reference to F1G. 51. In FIG. 51, (A) is a waveform diagram
showing the reverse signal REV. (a) through (f) are waveform
diagrams for explaining a method of driving the source driver
3 that includes the output section 13 illustrated in FIG. 52, and
correspond to (a) through (f) in FI1G. 48, respectively. Expla-
nation of commonalities between the waveforms illustrated in
FIG. 51 and the waveforms illustrated in FIG. 48 will be
omitted, and only differences therebetween will be explained.
Difference from FIG. 48 is in that the pre-tilt signal PT, which
has a potential by which liquid crystal molecules are pre-
tilted, is used as the non-image signal applied between one
horizontal scanning period and one horizontal scanning
period. A preferable pre-tilt signal is the same as in the case of
1H reversal, and explanation thereof is omitted.

According to the above arrangement, liquid crystal
becomes slightly tilted upon supply of the non-image signal
in (f) of FIG. 51, which allows for improvement of trailing.
Note that it is desirable that the polarity of the image signal
(A1, selection pulse A2) applied to a pixel in the subsequent
frame is identical with that of the last pre-tilt signal (A3;
selection pulse Ad) applied to the pixel in the previous frame,
as illustrated in (c) and (d) of FIG. 51. This is advantageous in
increasing a charging rate of a pixel. Similarly, also on the
subsequent scanning line, it is desirable that the polarity of an
image signal B1 (selection pulse B2) is identical with that of
a pre-tilt signal B3 (selection pulse B4), as illustrated in (c)
and (e) in FIG. 51. It is obvious that such a method is also
applicable to First Embodiment, although it is not specifically
described below. As illustrated in (c¢) of FIG. 51, the charge
share signal Csh is outputted in each horizontal period. How-
ever, the pre-ilt signal is reversed every two horizontal scan-
ning periods in the third polarity reversal power source 113 of
FIG. 52. This causes the polarities of the pre-title signal and
the image signal to be reversed every two scanning periods as
illustrated in (c) of FIG. 51, thus preventing the occurrence of
screen burn-in.

It is advantageous in increasing a charging rate that the
polarity of the non-image signal corresponding to the charge
share control signal Csh is identical with the polarity of the
non-image signal in the subsequent horizontal scanning
period. This is described with reference to FIGS. 57(a)
through 57(c). FIG. 57(a) shows an ideal waveform of the
data signal in a case where the polarity of a non-image signal
C1 is identical with the polarity of the data signal in the
subsequent horizontal scanning period h2, and the ideal
waveform is indicated by a solid line. FIG. 57(b) shows an
ideal waveform of the data signal in a case where the polarity
of a non-image signal C2 is different from the polarity of the
data signal in the subsequent horizontal scanning period h2,
and the ideal waveform is indicated by a broken line. FIG.
57(c) shows an actual waveform (solid line) of the data signal
in a case where the polarity of a non-image signal is identical
with the polarity of the data signal in the subsequent horizon-
tal scanning period and an actual waveform (broken line) of
the data signal in a case where the polarity of a non-image
signal is different from the polarity of the data signal in the
subsequent horizontal scanning period. In FIG. 57(¢), Pw is
pixel data write pulse applied to a scanning signal line. In
FIGS. 57(a) through 57(c), VSdc is a DC level of the data
signal, +PV is a positive pre-charge potential, and -PV is a
negative pre-charge potential.
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As illustrated in FIG. 57(c), the waveform is distorted due
to the existence of various capacitances on the data signal
line. In FIG. 57(c), waveforms corresponding to the cases in
FIGS.57(a) and 57(b) are distorted. For example, at a section
represented by Df, the data signal in a case where a polarity of
the non-image signal is identical (solid line) is higher in
potential than the data signal in a case where a polarity of the
non-image signal is different (broken line), and the former
reaches a preset potential more quickly.

Therefore, it is advantageous in increasing a charging rate
of a pixel that the polarities are identical. This method is also
applicable to First Embodiment, as illustrated in FIGS. 58(a)
through 58(c). That is, it is also advantageous in terms of a
charging rate even when a non-image signal is not selected
and applied to a pixel.

Note that a boundary point between the adjacent horizontal
scanning periods in the present invention refers to a point
between the horizontal scanning period hl and the horizontal
scanning period h2, i.e. a point at which the non-image signal
C1 or C2 is applied, for example, in FIGS. 57(a) and 57(5)
and FIGS. 58(a) and 58(b). For example, in the case of the
non-image signal C1 or C2, a horizontal scanning period
immediately after the non-image signal is applied refers to the
horizontal scanning period hl.

As described above, the third polarity reversal power
source 113 reverses a polarity every two horizontal scanning
periods, and applies voltages that are opposite in polarity to
each other between the adjacent data signal lines commonly
to all the source lines (data signal lines). Therefore, it is
possibleto prevent the occurrence of screen burn-in caused by
application of voltages of one-side polarity, and to prevent the
occurrence of flicker since driving can be performed by the
so-called dot inversion driving.

In the above descriptions, as an example of the third polar-
ity reversal power source is taken a power source that reverses
a polarity every two horizontal scanning periods and applies
voltages that are opposite in polarity to each other between
the adjacent data signal lines commonly to all the source lines
(data signal lines). However, in the present invention, the third
polarity reversal power source may be any power source as
long as it applies a fixed voltage whose polarity is reversed
every plural horizontal scanning periods commonly to all the
data signal lines. This makes it possible to prevent the occur-
rence of screen burn-in that is caused by application of volt-
ages of a one-side polarity.

Next, still another embodiment of the output section 13 of
the source driver 3 will be described. FIG. 56 is a diagram
illustrating another configuration of the output section 13 of
the source driver 3. In FIG. 55, (A) and (a) through (g) are
waveform diagrams for explaining a method of driving the
source driver 3 that includes the output section 13 illustrated
in FIG. 56.

The configuration of the output section 13 illustrated in
FIG. 56 is substantially the same as that in FIG. 42. The
waveforms in FIG. 55 are substantially the same as those in
FIG. 43. Therefore, only difference therefrom will be
described. The difference therefrom is in that the charge share
signal is outputted in each horizontal scanning period as
illustrated in (¢) and (d) of FIG. 55, and the third polarity
reversal power source 113 illustrated in FIG. 56 reverses the
pre-tilt signal every two horizontal scanning periods. That is,
the polarities of the pre-tilt signal (non-image signal) and the
data signal (image signal) are reversed with reference to the
charge share control signal Csh ((b) in FIG. 51) and the
reverse signal REV ((A) in FIG. 51) both of which are sup-
plied to the third polarity reversal power source 113. When
polarity reversal is performed in this manner, polarities are

5

15

20

25

40

45

60

65

52

reversed on the source lines SLn and SLn+1 as illustrated in
(D) and (g) of FIG. 55 (i.e. dot inversion), and the polarities of
the pre-tilt signal and the image signal are reversed every two
horizontal scanning periods. This makes it possible to prevent
the occurrence of flicker and screen burn-in.

Note that explanation of commonalities between First
Embodiment and the present embodiment are omitted in the
present embodiment. Arrangements other than the arrange-
ment in which the polarity is reversed in each horizontal
scanning period can be performed with the arrangement
explained in First embodiment in combination with the
arrangement explained in Second Embodiment. That is, the
present invention can be practiced by a combination of the
arrangement explained in First embodiment and the arrange-
ment explained in Second Embodiment, which is encom-
passed in the present invention.

The present invention can be practiced in other various
forms without departing from the above-described primary
features. Therefore, the foregoing embodiments are merely
examples in all respects and should not be narrowly inter-
preted. The scope of the present invention is limited by the
scopeofthe appended claims and is not limited to the descrip-
tions herein. Further, variations, modifications, and processes
within a scope equivalent to the scope of the appended claims
are all within the scope of the present invention.

INDUSTRIAL APPLICABILITY

A liquid crystal display device of the present invention can
be used in products including a liquid crystal display. particu-
larly, a liquid crystal display device of the present invention is
suitably used in a television set.

The invention claimed is:
1. A driving method of an active matrix type liquid crystal
display device comprising:
a plurality of data signal lines;
a plurality of scanning signal lines that intersect the data
signal lines; and
a plurality of pixel sections being disposed in a matrix
manner at the respective intersections of the data signal
lines and the scanning signal lines, each of the pixel
sections receiving as a pixel value a voltage applied to
the data signal line that passes through the correspond-
ing intersection when the scanning signal line that
passes through the corresponding intersection is
selected, wherein
non-image signals are applied to the data signal lines at
a boundary point between the adjacent horizontal
scanning periods,
the scanning signal lines are selected in an effective
scanning period, and thereafter the scanning signal
lines are selected, in sync with a timing of application
of the non-image signals to the data signal lines,
before the subsequent effective scanning period
comes after a point in time when the scanning signal
lines have been brought into non-selected state,
application of the non-image signals to the data signal
lines is performed with adjacent data signal lines
short-circuited to each other,
application of the non-image signals to the data signal
lines is performed by use of a fixed voltage power
source which applies a fixed voltage to each of the
data signal lines,
each of the non-image signals is a voltage that exists
between voltages whose polarities are opposite to
each other,
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application of the non-image signal to the data signal
lines is performed at polarity reversal of a data signal,
and
at a time when a polarity of a signal on the data signal
line is reversed in each horizontal scanning period, the
number of times the scanning signal line is selected in
sync with the timing of application of the non-image
signal to the data signal line is an even-number.
2. The driving method according to claim 1, wherein
the liquid crystal display device is a liquid crystal display
device of vertical alignment mode in which a direction
where liquid crystal molecules are aligned is controlled
by an electric field, and
the non-image signal is a pre-tilt signal by which the liquid
crystal molecules are pre-tilted.
3. The driving method according to claim 1, wherein
a polarity of a voltage corresponding to the non-image
signal is identical with a polarity of a voltage corre-
sponding to an image signal in a horizontal scanning
period immediately after application of the non-image
signal.
4. The driving method according to claim 1, wherein
apolarity of a non-image signal selected at the end of one
vertical scanning period and applied to the pixel section
is identical with a polarity of an image signal selected in
a subsequent vertical scanning period.
5. The driving method according to claim 2, wherein
in acase where display luminance T when white luminance
level is 1 and black luminance level is 0 is nearly close to
T=(L/Lw)" where L is display grayscale level, Lw is
white display grayscale, and v is y characteristics, the
pre-tilt signal is a signal indicating Lwx10<>Y or
greater.
6. The driving method according to claim 2, wherein
regarding y indicating y characteristics, display grayscale L
is defined as:
L=255xT""*? where T is display luminance when white
luminance level is 1 and black luminance level is 0, and
the pre-tilt signal is a signal that generates a grayscale
voltage higher than a grayscale voltage obtained when
L=12.
7. The driving method according to claim 5, wherein
the pre-tilt signal is a signal indicating y characteristics of
2.2 and 12th grayscale level or higher level out of 256
display grayscale levels.
8. The driving method according to claim 5, wherein
the pre-tilt signal is a signal indicating y characteristics of
2.2 and 45th grayscale level or higher level out of 1024
grayscale levels for display.
9. The driving method according to claim 2, wherein
when luminance level of white display is 100% and lumi-
nancelevel of black display is 0%, luminance level of the
pre-tilt signal is not less than 0.1%.
10. The driving method according to claim 1, wherein
application of the non-image signals to the data signal lines
is performed by application of a voltage whose polarity
is reversed in each vertical scanning period commonly to
the data signal lines.
11. The driving method according to claim 1, wherein
application of the non-image signals to the data signal lines
is performed by application of a voltage whose polarity
is reversed in each horizontal scanning period.
12. The driving method according to claim 1, wherein
application of the non-image signals to the data signal lines
is performed by application of voltages whose polarities
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are reversed in each horizontal scanning period, the volt-
ages on the adjacent data signal lines being opposite in
polarity to each other.

13. The driving method according to claim 1, wherein

apolarity of a signal on the data signal line is reversed every
plural horizontal scanning periods.

14. The driving method according to claim 13, wherein

the non-image signal is applied to the data signal line when
a polarity of a data signal is not reversed in between
adjacent horizontal periods.

15. The driving method according to claim 13, wherein

at a time when the polarity of the signal on the data signal
line is reversed every n-number (1 is an integer not less
than 2) of horizontal scanning periods, the number of
times the scanning signal line is selected in sync with the
timing of application of the non-image signal to the data
signal line is a multiple number of n.

16. The driving method according to claim 15, wherein

the number of times the scanning signal line is selected in
sync with the timing of application of the non-image
signal to the data signal line is a multiple number of 2n.

17. The driving method according to claim 13, wherein

application ofthe non-image signals to the data signal lines
is performed by application of fixed voltages to each of
the data signal lines, and

polarities of the fixed voltages are reversed every plural
horizontal scanning periods.

18. The driving method according to claim 17, wherein

the fixed voltages are voltages whose polarities are
reversed every plural horizontal scanning periods, and
the fixed voltages applied on the adjacent data signal
lines are opposite in polarity to each other.

19. The driving method according to claim 1, wherein

the liquid crystal display device performs overshoot driv-
ing, and

amounts of grayscale correction in the overshoot driving
are found in accordance with polarities of pixels and
video signals obtained from an external entity.

20. The driving method according to claim 19, wherein

the amounts of grayscale correction for use in the over-
shoot driving are found by using a lookup table in which
the polarities of the pixels and the video signals obtained
from the external entity are associated with each other.

21. The driving method according to claim 1, wherein

the liquid crystal display device performs overshoot driv-
ing, and

after amounts of overshoot correction in the overshoot
driving are found in relation to video signals obtained
from an external entity, amounts of grayscale correction
are found by using a lookup table in which polarities of
pixels and the amounts of overshoot correction are asso-
ciated with each other.

22. The driving method according to claim 1 wherein

the liquid crystal display device has a backlight, and

the backlight is turned off in sync with the timing of appli-
cation of the non-image signal to the data signal line.

23. The driving method according to claim 1 wherein

aduration of application of the non-image signal to the data
signal line is shorter than a duration of application of an
image signal for image display which signal is applied to
the data signal lines.

24. The driving method according to claim 1 wherein

the liquid crystal display device is a liquid crystal display
device of normally black mode in which black display is
performed in a state where no voltage is applied.
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25. An active matrix type liquid crystal display device
comptising:
a plurality of data signal lines;
a plurality of scanning signal lines that intersect the data
signal lines; 5
a plurality of pixel sections being disposed in a matrix
manner at the respective intersections of the data signal
lines and the scanning signal lines, each of the pixel
sections receiving as a pixel value a voltage applied to
the data signal line that passes through the correspond- 10
ing intersection when the scanning signal line that
passes through the corresponding intersection is
selected, wherein
non-image signals are applied to the data signal lines at
a boundary point between the adjacent horizontal
scanning periods,
the scanning signal lines are selected in an effective
scanning period, and thereafter the scanning signal
lines are selected, in sync with a timing of application
of the non-image signals to the data signal lines,
before the subsequent effective scanning period
comes after a point in time when the scanning signal
lines have been brought into non-selected state,
adjacent data signal lines are connected and capable of
being short-circuited to each other, and application of 25
the non-image signals to the data signal lines is per-
formed with the data signal lines short-circuited; and
a fixed voltage power source that applies the non-image
signals to the data signal lines by applying a common
fixed voltage to the data signal lines,
each of the non-image signals is a voltage that exists
between voltages whose polarities are opposite to
each other,
application of the non-image signal to the data signal
lines is performed at polarity reversal of a data signal,
and
at a time when a polarity of a signal on the data signal
lineis reversed in each horizontal scanning period, the
number of times the scanning signal line is selected in
sync with the timing of application of the non-image
signal to the data signal line is an even-number.
26. The liquid crystal display device according to claim 25,
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wherein

the liquid crystal display device is a liquid crystal display
device of vertical alignment mode in which a direction
where liquid crystal molecules are aligned is controlled
by an electric field, and

the non-image signal is a pre-tilt signal by which the liquid
crystal molecules are pre-tilted.

27. The liquid crystal display device according to claim 25,

45

wherein

a polarity of a voltage corresponding to the non-image
signal is identical with a polarity of a voltage corre-
sponding to an image signal in a horizontal scanning
period immediately after application of the non-image
signal.

28. The liquid crystal display device according to claim 25,

wherein

a polarity of a non-image signal selected at the end of one
vertical scanning period and applied to the pixel section
is identical with a polarity of an image signal selected in
a subsequent vertical scanning period.

29. The liquid crystal display device according to claim 26,

60

wherein

in acase where display luminance T when white luminance 65
level is 1 and black luminance level is 0 is nearly close to

T=(L/Lw)" where L is display grayscale level, Lw is
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white display grayscale, and y is y characteristics, the
pre-tilt signal is a signal indicating Lwx10C>Y) or
greater.
30. The liquid crystal display device according to claim 26,
wherein
regarding y indicating y characteristics, display grayscale L
is defined as:
L=255xT"“"*2 where T is display luminance when white
Iuminance level is 1 and black luminance level is 0, and
the pre-tilt signal is a signal that generates a grayscale
voltage higher than a grayscale voltage obtained when
L=12.
31. The liquid crystal display device according to claim 29,
wherein
the pre-tilt signal is a signal indicating y characteristics of
2.2 and 12th grayscale level or higher level out of 256
display grayscale levels.
32. The liquid crystal display device according to claim 29,
wherein
the pre-tilt signal is a signal indicating y characteristics of
2.2 and 45th grayscale level or higher level out of 1024
grayscale levels for display.

33. The liquid crystal display device according to claim 26,
wherein

when luminance level of white display is 100% and lumi-
nance level of black display is 0%, luminance level of the
pre-tilt signal is not less than 0.1%.

34. The liquid crystal display device according to claim 25,

further comprising:

a first polarity reversal power source that applies the non-
image signals to the data signal lines by applying a
voltage whose polarity is reversed in each vertical scan-
ning period commonly to the data signal lines.

35. The liquid crystal display device according to claim 25,

further comprising:

a second polarity reversal power source that applies the
non-image signals to the data signal lines by applying a
voltage whose polarity is reversed in each horizontal
scanning period commonly to the data signal lines.

36. The liquid crystal display device according to claim 35,
wherein

the second polarity reversal power source applies the non-
image signals commonly to the data signal lines by
applying voltages whose polarities are reversed in each
horizontal scanning period, the voltages on the adjacent
data signal lines being opposite in polarity to each other.

37. The liquid crystal display device according to claim 25,
wherein

apolarity of a signal on the data signal line is reversed every
plural horizontal scanning periods.

38. The liquid crystal display device according to claim 37,
wherein

the non-image signal is applied to the data signal line when
a polarity of a data signal is not reversed in between
adjacent horizontal periods.
39. The liquid crystal display device according to claim 37,
wherein

at a time when the polarity of the signal on the data signal
line is reversed every n-number (n is an integer not less
than 2) of horizontal scanning periods, the number of
times the scanning signal line is selected in sync with the
timing of application of the non-image signal to the data
signal line is a multiple number of n.
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40. The liquid crystal display device according to claim 39,
wherein

the number of times the scanning signal line is selected in
sync with the timing of application of the non-image
signal to the data signal line is a multiple number of 2n.

41. The liquid crystal display device according to claim 37,
further comprising:

a third polarity reversal power source that applies the non-
image signals to the data signal lines by applying a
voltage whose polarity is reversed every plural horizon-
tal scanning periods to the data signal lines.

42. The liquid crystal display device according to claim 41,

wherein

the third polarity reversal power source applies the non-
image signals to the data signal lines by applying to the
data signal lines voltages whose polarities are reversed
every plural horizontal scanning periods, the voltages on
the adjacent data signal lines being opposite in polarity
to each other.

43. The liquid crystal display device according to claim 25,

wherein

aduration of application of the non-image signal to the data
signal line is shorter than a duration of application of an
image signal for image display which signal is applied to
the data signal lines.

44. The liquid crystal display device according to claim 25,

wherein

the liquid crystal display device is a liquid crystal display
device of normally black mode in which black display is
performed in a state where no voltage is applied.

45. The liquid crystal display device according to claim 25,

further comprising:

polarity information detecting means that detects pieces of
polarity information of the pixels; and

correction amount calculating means that finds the
amounts of grayscale correction in overshoot driving in
accordance with the polarity information and video sig-
nals obtained from an external entity.

46. The liquid crystal display device according to claim 45,

further comprising:

a lookup table in which the polarities of the pixels and the
video signals obtained from the external entity are asso-
ciated with each other.

47. A non-transitory computer-readable storage medium
storing a liquid crystal display program, the program, when
executed, causing a computer to function as a polarity infor-
mation detecting means, a correction amount calculating
means, and to implement a driving method of an active matrix
type liquid crystal display device comprising:

a plurality of data signal lines;

a plurality of scanning signal lines that intersect the data

signal lines; and

a plurality of pixel sections being disposed in a matrix
manner at the respective intersections of the data signal
lines and the scanning signal lines, each of the pixel
sections receiving as a pixel value a voltage applied to
the data signal line that passes through the correspond-
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ing intersection when the scanning signal line that
passes through the corresponding intersection is
selected, wherein
non-image signals are applied to the data signal lines at
a boundary point between the adjacent horizontal
scanning periods,
the scanning signal lines are selected in an effective
scanning period, and thereafter the scanning signal
lines are selected, in sync with a timing of application
of the non-image signals to the data signal lines,
before the subsequent effective scanning period
comes after a point in time when the scanning signal
lines have been brought into non-selected state,
application of the non-image signals to the data signal
lines is performed with adjacent data signal lines
short-circuited to each other,
application of the non-image signals to the data signal
lines 1s performed by application of a fixed voltage to
each of the data signal lines,
the polarity information detecting means that detects
pieces of polarity information of the pixels,
the correction amount calculating means that finds the
amounts of grayscale correction in overshoot driving
in accordance with the polarity information and video
signals obtained from an external entity,
each of the non-image signals is a voltage that exists
between voltages whose polarities are opposite to
each other,
application of the non-image signal to the data signal
lines is performed at polarity reversal of a data signal,
and
at a time when a polarity of a signal on the data signal
lineis reversed in each horizontal scanning period, the
number of times the scanning signal line is selected in
sync with the timing of application of the non-image
signal to the data signal line is an even-number.
48. A television receiver comprising:
a liquid crystal display device according to claim 25; and
a tuner section that receives a television broadcast.
49. The driving method according to claim 6, wherein
the pre-tilt signal is a signal indicating y characteristics of
2.2 and 12th grayscale level or higher level out of 256
display grayscale levels.
50. The driving method according to claim 6, wherein
the pre-tilt signal is a signal indicating y characteristics of
2.2 and 45th grayscale level or higher level out of 1024
grayscale levels for display.
51. The liquid crystal display device according to claim 30,
wherein
the pre-tilt signal is a signal indicating y characteristics of
2.2 and 12th grayscale level or higher level out of 256
display grayscale levels.
52.The liquid crystal display device according to claim 30,
wherein
the pre-tilt signal is a signal indicating y characteristics of
2.2 and 45th grayscale level or higher level out of 1024
grayscale levels for display.
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