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(57) ABSTRACT

To keep down deterioration in picture quality caused by an
AC driving method to enable image display with high quality
to be achieved. In the invention, each of the pixels in a first
frame just after the phase inversion for a predetermined start-
ing time period is driven so that each of the pixels would be in
a driving state of the polarity opposite to the polarity in the
driving state in a last frame before the phase inversion, and
then, each of the pixels is driven so that each of the pixels
would be in a driving state of the polarity same as the polarity
in the driving state in a last frame before the phase inversion
when the driving circuit changes a driving state of each of the
pixels from a positive polarity to a negative polarity or from
the negative polarity to the positive polarity in every m (m=1)
frame and inverses a phase of the driving state of each of the
pixels in every N (Nzm) frame wherein it is assumed that an
image voltage having a potential higher than an opposite
voltage applied to the opposite electrode is applied to the
pixel electrode in a driving state of the positive polarity and
that an image voltage having a potential lower than the oppo-
site voltage applied to the opposite electrode is applied to the
pixel electrode in a driving state of the negative polarity.

10 Claims, 5 Drawing Sheets
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1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2006-
461 filed on Jan. 5,2006 including the specification, drawings
and abstract is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device, particularly, a liquid crystal display device capable of
keeping picture quality from deterioration caused by an AC
driving method to achieve image display with high quality.

2. Description of the Related Art

A liquid crystal display module is used as a display device
for a highly addressable color monitor of a computer and
other information apparatuses or a TV set.

A liquid crystal display module basically includes a so-
calledliquid crystal display panel having a liquid crystal layer
held between two (a pair of) substrates at least one of which
is made of transparent glass. A voltage is selectively applied
to various kinds of electrodes for forming a pixel, the elec-
trodes formed on a substrate of the liquid crystal display
panel, to switch a predetermined pixel on and off. A liquid
crystal display module is superior in contrast performance
and high-speed display performance.

FIG. 4 is a block diagram showing a schematic structure of
a conventional liquid crystal display module.

The liquid crystal display module shown in FIG. 4 com-
prises a liquid crystal display panel 1, a gate driver part 2, a
source driver part 3, a display controlling circuit 4 and a
supply circuit 5.

The gate driver part 2 and the source driver part 3 are
provided on the periphery of the liquid crystal display panel 1.
The gate driver part 2 is formed from plural gate driver ICs
provided on one side of the liquid crystal display panel 1. The
source driver part 3 is formed from plural source driver ICs
provided on another side of the liquid crystal display panel 1.

The display controlling circuit 4 performs timing adjust-
ment fora display signal inputted from a display signal source
(on a host side) such as a personal computer and a television
receiving circuit so as to be suitable for display of the liquid
crystal display panel 1 such as current alternation of data and
converts the display signal into display data in a display form
to be inputted to the gate driver part 2 and the source driver
part 3 together with a synchronizing signal (a clock signal).

The gate driver part 2 and the source driver part 3 supply a
scanning line with a scanning voltage on the basis of control
of the display controlling circuit 4 and supply an image line
with an image voltage to display an image. The supply circuit
5 generates various kinds of voltages necessary for the liquid
crystal display device.

FIG. 5 illustrates an equivalent circuit of a pixel part of the
liquid crystal display panel 1 shown in FIG. 4. FIG. 5 corre-
sponds to geometrical arrangement of actual pixels. Plural
sub pixels arranged in the shape of a matrix in a viewing
display area (a pixel part) are formed from thin film transis-
tors (TFTs), every one of which is used for one sub pixel.

In FIG. 5, DR, DG and DB denote image lines (also
referred to as drain lines or source lines), G denotes a scan-
ning line (also referred to as a gate line) and R, G and B denote
pixel electrodes (ITO1) for respective colors (red, green and
blue) Further, ITO2 denotes an opposite electrode (a common
electrode), Clc denotes liquid crystal capacity equivalently
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2

indicating the liquid crystal layer and Cstg denotes holding
capacity formed between a common signal line COM and a
source electrode.

In the liquid crystal display panel 1 shown in FIG. 4, drain
electrodes of thin film transistors (TFTs) of the respective
pixels provided in a column direction are respectively con-
nected to image lines (DR, DG and DB). The respective
image lines (D) are connected to a source driver part 3 for
supplying pixels provided in a column direction with an
image voltage corresponding to display data.

Gate electrodes of thin film transistors (TFTs) of the
respective pixels provided in a row direction are respectively
connected to scanning lines (G). The respective scanning
lines (G) are connected to a gate driver part 2 for supplying
gates of the thin film transistors (TFT) with a scanning volt-
age (a positive or negative bias voltage) for one horizontal
scanning period.

Indisplayingan image onthe liquid crystal display panel 1,
the gate driver part 2 selects the scanning lines (G0, G1, .. . Gj,
Gj+1) from the upper part to the lower part (in the order of
G0—G1) while the source driver part 3 supplies the image
lines (DR, DG and DB) with an image voltage corresponding
to the display data to apply the voltage to a pixel electrode
(ITO1) during the selection period of a certain scanning line.

It is premised here that an operation is carried out in a
so-called normally black-displaying mode in which the larger
the image voltage supplied to the respective pixels is, the
higher the luminance is.

A voltage supplied to the image line (D) is applied to the
pixel electrode (ITO1) via a thin film transistor (TFT), and
finally, holding capacity (Cstg) and liquid crystal capacity
(Clc) are charged with electric charge and liquid crystal mol-
ecules are controlled to display an image.

The above-mentioned operation is described hereinafter
with reference to a timing waveform.

FIG. 6 illustrates a voltage waveform outputted from the
gate driver part 2 to the scanning line (G) and a voltage
wavelength on an image line of an image voltage (VD) out-
putted from the source driver part 3 in a liquid crystal display
module shown in FIG. 4.

A clock (CL1) shown in FIG. 6 is a clock for controlling
output timing. The source driver part 3 outputs an image
voltage (VD in FIG. 6) corresponding to the display data to
the image lines (DR, DG and DB) from a point of falling time
of the clock (CL1). FIG. 6 shows a voltage waveform of the
image voltage (VD) in the case of displaying white.

The image voltage (VD) supplied to the image lines (DR,
DG and DB) is AC-driven by switching the polarity between
an image voltage with high potential with respect to a com-
mon voltage (VCOM) applied to the opposite electrode
(ITO2) (referred to as an image voltage of the positive polar-
ity (+), hereinafter) and an image voltage with low potential
with respect to the common voltage (VCOM) (referred to as
an image voltage of the negative polarity (-), hereinafter) for
every horizontal scanning period (1H) in order to prevent the
current voltage from being applied to liquid crystal capacity
(Cle) in FIG. 5. FIG. 6 shows a case of using a dot inversion
method, which is one of a common symmetry method, as an
AC driving method.

On the other hand, a scanning voltage (VG) at a high level
(referred to as an H level, hereinafter) is applied from the gate
driver part 2 for one horizontal scanning period (1H) in the
order of vertical scanning of the scanning lines (G0, G1,. . .
Gj, Gj+1). Turning on, that is, selecting all the thin film
transistors (TFTs) connected to the scanning line allows the
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image voltage (VD) outputted from the source driver part 3 to
be applied to the liquid crystal capacity (Clc) and the holding
capacity (Cstg).

Contrary to the above, in the case of the scanning voltage
(VG) at a low level (referred to as an L level, hereinafter), all
of the thin film transistors (TFTs) connected to the scanning
lines (G0, G1, ... Gj, Gj+1) are turned off, that is, not selected.

The waveform of the image voltage (VD) becomes dull in
rising and falling processes of the image voltage (VD) in
accordance with wiring resistance of the image lines (DR, DG
and DB) and a time constant of the liquid crystal capacity
(Cle), as shown in FIG. 6. Accordingly, the scanning voltage
(VG) is changed from a voltage at the H level in a selection
periodtoavoltageatthe L. level in anon-selection period after
the image voltage (VD) is sufficiently saturated.

In the horizontal scanning period (N) in FIG. 6, for
example, a slight difference in time (Tgd) is given from a
point of time when the image voltage (VD) having the posi-
tive polarity is sufficiently saturated to a point of falling time
of the clock (CL1) when the image voltage (VD) in a preced-
ing horizontal scanning period (N+1) is outputted so as to
change the scanning voltage (VG) from a voltage at the H
level to a voltage at the L level.

Ted is referred to as gate delay time in the following
specification.

FIG. 7 is a simplified view simply showing pixel polarity
and a pixel voltage level of a certain pixel in the case that
white and black are alternately displayed for every vertical
scanning period (referred to as a frame, hereinafter) in the
conventional liquid crystal display module.

The pixel voltage shows a pattern that it is biased to a
positive polarity side (a plus side) with respect to the common
voltage (VCOM) and direct current is applied to the liquid
crystal as an effective value when the image voltage changes
in accordance with an AC cycle of the liquid crystal such as
“white display” in negative polarity and “black display” in
positive polarity, as shown in FIG. 7.

The pattern, especially, often occurs in the case of display-
ing a moving picture image and a direct current signal is
always applied to the liquid crystal in the pattern. This causes
deterioration in display quality as well as great deduction in
life of the liquid crystal per se.

Further, display data in which white and black images
alternately change in every frame often occurs in conversion
from an interlaced (jump) scanning signal such as a television
signal into progressive (sequential) scanning in liquid crystal
driving. In the case of viewing a television image or a DVD
image, which is displayed on the liquid crystal display mod-
ule, for example, occurs a bias of a driving voltage of the
liquid crystal. This causes deterioration in picture quality.

FIG. 8 shows pixel polarity in every frame in the case of
inversing a phase of the pixel polarity in a certain fixed cycle
(Period A and Period B) in the AC driving method shown in
FIG. 7.

The pixel voltage in a first frame in Period A has a positive
polarity (+) in accordance with a phase inversion signal
shown in FIG. 8 while the voltage starts from the negative
polarity (=) in Period B. Accordingly, the pixel polarity in the
respective sections in Periods A and B is all opposite to each
other such as positive (+) and negative (-) polarity.

Such an AC driving method is referred to as a phase inver-
sion driving method in the specification hereinafter.

FIG. 9 is a simplified view simply showing pixel polarity
and a pixel voltage level of a certain pixel in the case that
white and black are alternately displayed in every framein the
phase inversion driving method.
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As shown in FIG. 9, the pixel voltage biased to a negative
polarity side (a minus side) with respect to the common
voltage (VCOM) is to be biased to the positive polarity side
(the plus side) after the inversion of the phase in accordance
with the phase inversion driving method. As described above,
carrying out an AC drive so that a bias of the pixel voltage
would be on the positive polarity side or on the negative
polarity side in a certain fixed cycle allows an effective direct
current voltage applied to the liquid crystal to be reduced, as
aresult.

On the other hand, seeing the pixel polarity in the N-th
frame and the pixel polarity in the first frame after a phase
inversion switch, which are shown in FIG. 9, it is found that
the positive (plus (+)) pixel polarity continues. In continuance
of the same pixel polarity, there is sometimes a case
of {(=)—=(-)} or {(+)—=(+)} in accordance with the timing of
a switch in the phase inversion.

In the case of continuance of the pixel polarity, a condition
for driving the liquid crystal (current alternation) is changed
in appearance, so that flicker occurs on a display screen as a
side effect.

The flicker occurs in the first frame with switch timing of
the phase inversion signal shown in FIG. 8, that is, just after
rising or falling of the phase inversion signal. As a result, the
phase inversion drive has an effect of preventing the direct
current voltage from being applied to the liquid crystal as well
as a side effect of occurrence of flicker, which causes a prob-
lem that display quality is deteriorated, on the other hand.

SUMMARY

The invention is to solve the above problems in the prior
arts. An object of the invention is to provide a technology
capable of keep down deterioration in picture quality due to
the AC driving method to display an image with high quality
in a liquid crystal display device.

The above-mentioned and other objects and new charac-
teristics of the invention will be disclosed on the basis of the
description of the specification and the attached drawings.

Brief description of an outline of represented parts of the
invention disclosed in the application is as follows.

(1) In a liquid crystal display device comprising: a liquid
crystal display panel including plural pixels; and a driving
circuit for driving each of the pixels, wherein each of the
pixels has a pixel electrode and an opposite electrode and the
driving circuit changes a driving state of each of the pixels
from a positive polarity to a negative polarity or from the
negative polarity to the positive polarity in every m (m=1)
frame and inverses a phase of the driving state of each of the
pixels in every N (Nzm) frame wherein it is assumed that an
image voltage having a potential higher than an opposite
voltage applied to the opposite electrode is applied to the
pixel electrode in a driving state of the positive polarity and
that an image voltage having a potential lower than the oppo-
site voltage applied to the opposite electrode is applied to the
pixel electrode in a driving state of the negative polarity, the
driving circuit drives each of the pixels in a first frame just
after the phase inversion for a predetermined starting time
period so that each of the pixels would be in a driving state of
the polarity opposite to the polarity in the driving state in alast
frame before the phase inversion, and then, drives each of the
pixels so that each of the pixels would be in a driving state of
the polarity same as the polarity in a driving state in a last
frame before the phase inversion.

(2) In a liquid crystal display device comprising: a liquid
crystal display panel including plural pixels; and a driving
circuit for driving each of the pixels, wherein each of the
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pixels has a pixel electrode and an opposite electrode and the
driving circuit changes a driving state of each of the pixels
from a positive polarity to a negative polarity or from the
negative polarity to the positive polarity in every m (m=1)
frame and inverses a phase of the driving state of each of the
pixels in every N (N=m) frame wherein it is assumed that an
image voltage having a potential higher than an opposite
voltage applied to the opposite electrode is applied to the
pixel electrode in a driving state of the positive polarity and
that an image voltage having a potential lower than the oppo-
site voltage applied to the opposite electrode is applied to the
pixel electrode in a driving state of the negative polarity, the
driving circuit changes the driving state of each of the pixels
in every one display line in each frame period from the posi-
tive polarity to the negative polarity or from the negative
polarity to the positive polarity and further applies an image
voltage, the image voltage applied to a pixel electrode of each
of the pixels in a preceding display line, to each of the pixels
in any display line in a first frame just after the phase inversion
for a predetermined starting time period of one horizontal
scanning period, and then, applies an image voltage for each
of the pixels, the latter image voltage applied to the pixels in
any display line.

(3)In(1)or(2), TA1<TA2 issatisfied wherein TA1 denotes
the predetermined time period and TA2 denotes one horizon-
tal scanning period.

(4) In (3), TA1=TA2/3 is satisfied.

(5) In a liquid crystal display device comprising: a liquid
crystal display panel including plural pixels; and a driving
circuit for driving each of the pixels, wherein each of the
pixels has a pixel electrode, an active element and an opposite
electrode and the driving circuit changes a driving state of
each of the pixels from a positive polarity to a negative polar-
ity or from the negative polarity to the positive polarity in
every m (m=1) frame and inverses a phase of the driving state
of each of the pixels in every N (Nzm) frame wherein it is
assumed that an image voltage having a potential higher than
an opposite voltage applied to the opposite electrode is
applied to the pixel electrode in a driving state of the positive
polarity and that an image voltage having a potential lower
than the opposite voltage applied to the opposite electrode is
applied to the pixel electrode in a driving state of the negative
polarity, output timing of a selection voltage for tuning on the
active element of each of the pixels in the first frame just after
the phase inversion is different from output timing of a selec-
tion voltage for tuning on the active element of each of the
pixels in a frame other than the first frame just after the phase
inversion in the driving circuit.

(6) In (5), T1>T2, more preferably, T123xT2 wherein T1
denotes an interval between the output timing of a selection
voltage for tuning on the active element in the first frame just
after the phase inversion and timing of applying an image
voltage to the pixel electrode and T2 denotes an interval
between the output timing of a selection voltage for tuning on
the active element of each of the pixels in a frame other than
the first frame just after the phase inversion and the timing of
applying an image voltage to the pixel electrode.

(7) In a liquid crystal display device comprising: a liquid
crystal display panel including plural pixels; and a driving
circuit for driving each of the pixels, wherein each of the
pixels has a pixel electrode, an active element and an opposite
electrode and the driving circuit changes a driving state of
each of the pixels from a positive polarity to a negative polar-
ity or from the negative polarity to the positive polarity in
every m (mz1) frame and inverses a phase of the driving state
of each of the pixels in every N (Nzm) frame wherein it is
assumed that an image voltage having a potential higher than
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an opposite voltage applied to the opposite electrode is
applied to the pixel electrode in a driving state of the positive
polarity and that an image voltage having a potential lower
than the opposite voltage applied to the opposite electrode is
applied to the pixel electrode in a driving state of the negative
polarity, the driving circuit stops selection scanning for turn-
ing on the active element of each of the pixels in every one
display line in the first frame just after the phase inversion.

(8)In (1) to (7), “m” is one.

(9)In (1) to (8), the opposite voltage applied to the opposite
electrode is a constant voltage.

EFFECT OF THE INVENTION

A simple description of an effect achieved by the repre-
sented parts of the invention disclosed in the application is as
follows.

In accordance with the invention, deterioration in picture
quality, which is caused by the AC driving method, can be
kept down to display image with high quality.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a voltage waveform outputted from a
gate driver part to a scanning line and a voltage wavelength on
an image line of an image voltage outputted from a source
driver part in a liquid crystal display module in accordance
with Embodiment 1 of the invention;

FIG. 1B illustrates another example of a voltage waveform
outputted from a gate driver part to a scanning line (G) and a
voltage wavelength on an image line of an image voltage
(VD) outputted from a source driver part in a liquid crystal
display module in accordance with Embodiment 1 of the
invention;

FIG. 2 is a simplified view simply showing pixel polarity
and a pixel voltage level of a certain pixel in the case that
white and black are alternately displayed in every frame inthe
liquid crystal display module in accordance with Embodi-
ment 1 of the invention;

FIG. 3 is a simplified view showing a certain pixel voltage
and pixel polarity and a gate scanning voltage (VG) in the
case that white and black are alternately displayed in every
frame in the liquid crystal display module in accordance with
Embodiment 2 of the invention;

FIG. 4 is a block diagram showing a schematic structure of
a conventional liquid crystal display module;

FIG. 5 illustrates an equivalent circuit in a pixel part of a
liquid crystal display panel shown in FIG. 4;

FIG. 6 illustrates a voltage waveform outputted from the
gate driver part to the scanning line and a voltage wavelength
on an image line of an image voltage outputted from the
source driver part in a conventional liquid crystal display
module;

FIG. 7 is a simplified view simply showing pixel polarity
and a pixel voltage level of a certain pixel in the case that
white and black are alternately displayed in every frame in a
conventional liquid crystal display module;

FIG. 8 shows pixel polarity for every frame in the case of
inversing a phase of the pixel polarity in a certain fixed cycle
(Period A and Period B) in an AC driving method shown in
FIG. 7; and

FIG. 9 is a simplified view simply showing pixel polarity
and a pixel voltage level of a certain pixel in the case that
white and black are alternately displayed for every frame in a
phase inversion driving method.
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DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention will be described in detail
hereinafter, made reference to drawings.

In all the drawings illustrating the embodiments, what has
the same function is marked with the same signs and numerals
and repeated description thereof will be omitted.

Embodiment 1

A schematic structure of a liquid crystal display module in
accordance with Embodiment 1 of the invention is same as
that of the conventional liquid crystal display module shown
in FIG. 4 described above. Accordingly, description of the
schematic structure of a liquid crystal display module in
accordance with Embodiment 1 of the invention is omitted.

FIG. 1A illustrates a voltage waveform outputted from a
gate driver part 2 to a scanning line (G) and a voltage wave-
length on an image line of an image voltage (VD) outputted
from a source driver part 3 in a liquid crystal display module
in accordance with Embodiment 1 of the invention.

In FIG. 1A and FIG. 6 described above, (-) and (+) denote
final polarity of a pixel while (-") and (+') denote polarity
temporarily applied to a pixel.

A waveform shown on the right side in FIG. 1A indicates a
voltage waveform in an M-th horizontal scanning period in a
first frame just after phase inversion in phase inversion of the
pixel polarity in every N-th frame. A waveform shown on the
left side in FIG. 1A simply indicates a voltage waveform in an
M-th horizontal scanning period in a period from a second
frame to an N-th frame just before the phase inversion.

The waveform shown on the left side in FIG. 1A, the
waveform being in an M-th horizontal scanning period in a
period from a second frame to an N-th frame just before the
phase inversion, indicates a voltage waveform in a normal
drive in which an image voltage (VD) having positive polarity
(plus polarity) is applied to a pixel by switching a scanning
voltage (VG) from a selection voltage at an H level to a
non-selection voltage at an L level at a time when the image
voltage (VD) is sufficiently saturated, that is, with timing of
gate delay time (Tgd), as illustrated in FIG. 6.

On the other hand, in the waveform shown on the right side
in FIG. 1A, the waveform being an M-th horizontal scanning
period in a first frame just after phase inversion, the scanning
voltage (VG) rises at a point of time substantially (%2) of the
(M-1)-th horizontal scanning period and falls at a point of
time substantially (%2) of the M-th horizontal scanning
period.

Accordingly, gate delay time (Tgx) in the M-th horizontal
scanning period can be expressed by a value obtained by
adding fluctuation delay time (AT) to the gate delay time
(Tgd) in a normal drive, that is, Tgx (=Tgd+AT). A relation
between Tgx and Tgd is preferably Tgx=3xTgd.

In other words, the fluctuation delay time (AT) is set so that
effective application time of the image voltage (VD) would be
almost same between the pixel polarity (') and the pixel
polarity (+).

Setting the gate delay time at Tgx in the first frame period
Jjust after phase inversion allows an image voltage (VD) hav-
ing the negative polarity (the minus polarity (-")) in the
(M-1)-th horizontal scanning period and an image voltage
(VD) having the positive polarity (the plus polarity (+)) in the
M-th horizontal scanning period to be controlled so as to be
applied at the same time in one horizontal scanning period
instead of sufficiently applying the image voltage (VD) hav-
ing the positive polarity (the plus polarity (+)) to a pixel in the
M-th horizontal scanning period in an original case.
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Further, in the subsequent (M+1)-th horizontal scanning
period, carried outis control with polarity inverse to the above
description. The above is repeated subsequently.

FIG. 2 is a view simply showing a certain pixel voltage and
pixel polarity in every frame for the image voltage of white
and black in the liquid crystal display module in accordance
with Embodiment 1 of the invention.

In the case that white and black are alternately displayed in
every frame and that a phase inversion drive is carried out in
every N-th frame, the pixel voltage before the N-th frame is
biased to a negative polarity side (a minus side) with respect
to a common voltage (VCOM) and the pixel voltage in the
first and subsequent frames after the phase inversion is biased
to a positive polarity side (a plus side), as illustrated in FIGS.
8and9.

At the same time, the pixel polarity in the last N-th frame
before a switch of the phase inversion and in the first frame
after the switch of the phase inversion is continued as (+)—
(+). The driving method described with reference to FIG. 1,
however, allows the negative polarity (the minus polarity) and
the positive polarity (the plus polarity) to be written at the
same time in one horizontal scanning period. Accordingly, an
image voltage having the negative polarity (the minus polar-
ity (=")) is temporarily generated as shown in FIG. 2, so that
the pixel polarity at a point of time close to the switch of the
phase inversion drive changes as (+)—(-")—=(+). An effect of
the generated pseudo-negative polarity (<) allows continu-
ance of the same pixel polarity such as (+)—=(+) to be pre-
vented, and therefore, continuance of positive polarity (+) and
the negative polarity (-) of the pixel polarity in appearance
can be kept. This allows a flicker in the phase inversion, which
is pointed out in FIGS. 8 and 9, to be prevented from occur-
ring.

In an example shown in FIG. 1A, the image voltage (VD)
having the negative polarity (the minus polarity (<)) in the
(M-1)-th horizontal scanning period and the image voltage
(VD) having the positive polarity (the plus polarity (+)) inthe
M-th horizontal scanning period are simultaneously applied
in one horizontal scanning period in one frame period just
after the phase inversion.

In the first horizontal scanning period, however, exists no
image voltage (VD) having the negative polarity in a preced-
ing horizontal scanning period.

Accordingly, utilized is a fact that the image voltage for
black is applied in a vertical blank period in a normally black
display mode while the image voltage for white is applied in
the vertical blank period in a normally white display mode,
generally. That is to say, in the example shown in FIG. 1A, the
image voltage (VD) for black, the image voltage having the
negative polarity (the minus polarity (-')), in a vertical blank
period and the image voltage (VD) having the positive polar-
ity (the plus polarity (+)) in the first horizontal scanning
period are applied simultaneously in the first horizontal scan-
ning period in the first frame period just after the phase
inversion.

FIG. 1B illustrates another example of a voltage waveform
outputted from a gate driver part 2 to a scanning line (G) and
a voltage wavelength on an image line of an image voltage
(VD) outputted from a source driver part 3 in a liquid crystal
display module in accordance with Embodiment 1 of the
invention.

A waveform shown on the right side in FIG. 1B indicates a
voltage waveform in the first horizontal scanning period in the
first frame just after phase inversion in inversing a phase of the
pixel polarity in every N-th frame. A waveform shown on the
left side in FIG. 1B simply indicates a voltage waveform in
the first horizontal scanning period in a period from a second
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frame to an N-th frame just before the phase inversion. FIG.
1B shows voltage waveforms in the case of indicating white.

Embodiment 2

FIG. 3 is a view simply showing a certain pixel voltage and
pixel polarity and a gate scanning voltage (VG) in every
frame for the image voltage of white and black in a liquid
crystal display module in accordance with Embodiment 2 of
the invention.

In Embodiment 2, carried out is control to keep the image
voltage of black, which has the positive polarity (the plus (+)
polarity) and which is applied in the N-th frame before the
phase inversion, without applying any image voltage to a
pixel during one frame period, as shown in FIG. 3, instead of
stopping the scanning itself of the gate signal line (G) in the
first frame just after the phase inversion to apply the image
voltage of white to a pixel, originally.

Accordingly, the scanning voltage (VG) in a certain gate
line is usually driven in a cycle of one frame (about 60 Hz, for
example), but the scanning voltage (VG) is driven in the %%
frame (about 30 Hz, for example) from a point of view of a
period from the N-th frame to the second frame.

Such control allows the pixel polarity per a frame to be
(+)—=(-) in appearance instead of continuance of the same
pixel polarity (+)—(+)—=(=) from the N-th frame.

As a result, continuance of the pixel polarity (+) and (-) is
kept similarly to the usual drive as described with reference to
FIG. 2, so that no flicker occurs in phase inversion.

It goes without saying that the similar effect can be
obtained even in the case that the pixel polarity is all inversed
in the description with reference to FIGS. 2 and 3. Further, it
causes no problem to put the above-mentioned driving
method into practice not only in the first frame after the phase
inversion but also in the second and subsequent frames.
Moreover, the invention is applicable even in the case that the
pixel polarity in every frame in the usual drive is not continu-
ance of (+)—=(-) but a combination of current alternation such
as (+)—=(+)—=(-)—(-), for example.

As described above, using a phase inversion drive causes
continuance of the same pixel polarity with timing of switch-
ing the phase inversion drive in the case of alternately dis-
playing white and black in every frame, and thereby, a tem-
porary change in liquid crystal driving characteristic. This
results in occurrence of a flicker.

In Embodiment 2, however, keeping the continuance of the
pixel polarity (+)—(-) in the first frame just after the phase
inversion allows the flicker to be reduced. This allows the
direct current to be prevented from being applied to the liquid
crystal and stable and excellent display to be always obtained.

In the above description, described are embodiments in
which the invention is applied to a liquid crystal display
module using as an AC driving method a common symmetry
method (a dot inversion method, for example) in which a
voltage of an opposite electrode (ITO2) is constant. The
invention however, is not limited to the above. The invention
may be applicable to a liquid crystal display module using as
an AC driving method acommon inversion method (aone line
inversion method, for example) in which a voltage of the
opposite electrode (ITO2) fluctuates between a voltage at the
H level and a voltage at the L level.

The invention by the present inventor has been concretely
described on the basis of the embodiments. It is obvious, of
course, however, that the invention is not limited to the above
embodiments and may be variously modified within a range
not deviating from the spirit of the invention.
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What is claimed is:

1. A liquid crystal display device comprising:

aliquid crystal display panel including a plurality of pixels;

and

a driving circuit for driving each of the pixels,

wherein each of the pixels has a pixel electrode and an

opposite electrode,

wherein the driving circuit changes a driving state of each

of the pixels from a positive polarity to a negative polar-
ity or from the negative polarity to the positive polarity
in every m (mz1) frame and performs a phase inversion
of the driving state of each of the pixels in every N
(N=2mxn, nz1) frame wherein it is assumed that an
image voltage having a potential higher than an opposite
voltage applied to the opposite electrode is applied to the
pixel electrode in a driving state of the positive polarity
and that an image voltage having a potential lower than
the opposite voltage applied to the opposite electrode is
applied to the pixel electrode in a driving state of the
negative polarity, and

wherein the driving circuit drives each of the pixels so as to

maintain a scanning voltage at a selection voltage for a
period that includes a change from an image voltage
having an opposite polarity to a polarity ofa most recent
frame prior to performing the phase inversion to an
image voltage having a same polarity as the polarity of
the most recent frame prior to the phase inversion.

2. The liquid crystal display device according to claim 1,
wherein TA1<TA2 is satisfied wherein TA1 denotes a prede-
termined time period during which the image voltage main-
tains the opposite polarity to the polarity of most recent frame
prior to the phase inversion and TA2 denotes one horizontal
scanning period.

3. The liquid crystal display device according to claim 2,
wherein TA1=TA2/3 is satisfied.

4. The liquid crystal display device according to claim 1,
wherein “m” is one.

5. The liquid crystal display device according to claim 1,
wherein the opposite voltage applied to the opposite electrode
is a constant voltage.

6. A liquid crystal display device comprising:

a liquid crystal display panel including plural pixels; and

a driving circuit for driving each of the pixels,

wherein each of the pixels has a pixel electrode, an active

element, and an opposite electrode,

wherein the driving circuit changes a driving state of each

of the pixels from a positive polarity to a negative polar-
ity or from the negative polarity to the positive polarity
in every m (m=1) frame and inverses a phase of the
driving state of each of the pixels in every N (N=2mxan,
n=z1) frame wherein it is assumed that an image voltage
having a potential higher than an opposite voltage
applied to the opposite electrode is applied to the pixel
electrode in a driving state of the positive polarity and
that an image voltage having a potential lower than the
opposite voltage applied to the opposite electrode is
applied to the pixel electrode in a driving state of the
negative polarity, and

wherein output timing of a selection voltage for tuning on

the active element of each of the pixels in a first frame
Just after a phase inversion 1s different from output tim-
ing ofa selection voltage for tuning on the active element
of each of'the pixels in a frame other than the first frame
just after the phase inversion in the driving circuit.

7. The liquid crystal display device according to claim 6,
wherein T1>T2 wherein T1 denotes an interval between the
output timing of a selection voltage for tuning on the active
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element in the first frame just after the phase inversion and
timing of applying an image voltage to the pixel electrode and
T2 denotes an interval between the output timing of a selec-
tion voltage for tuning on the active element of each of the
pixels in a frame other than the first frame just after the phase
inversion and the timing of applying an image voltage to the
pixel electrode.

8. The liquid crystal display device according to claim 7,
wherein T1=3xT2.

9. The liquid crystal display device according to claim 6,
wherein “m” is one.

10. The liquid crystal display device according to claim 6,
wherein the opposite voltage applied to the opposite electrode
is a constant voltage.
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