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7) ABSTRACT

The invention provides a liquid crystal display device capable
of preventing a reduction in display quality by suppressing
the occurrence of flicker during alternating-voltage drive, as
well as a method for driving the same.

Overshoot drive is performed during a first frame period,
which is shortened to such an extent that a “positive effective
area” and a “negative effective area” are approximately equal
in size. The duration of the first frame period is set to be
greater than or equal to a quarter of one frame period at a
refresh rate of 60 Hz but less than one frame period. This
renders it possible to make adjustments such that luminance is
inhibited from abruptly dropping immediately after a polarity
change, and also luminance is prevented from becoming
excessively high due to overshoot drive, and therefore, the
occurrence of flicker due to flexoelectric polarization during
alternating-voltage drive can be suppressed.

s

TRANSMITTED
LIGHT

COLOR FILTER

12

12

//\/\ /\/\(f/\/\ A

/=7=77="7

— 13

SUBSTRATE | |
B

LIGUID

CRYSTAL <

LAYER ELEGTRIC FIELD
L
AWA

ARRAY )

SUBSTRATE =00
.

N

INGIDENT

LiGHT




Patent Application Publication =~ Mar. 3,2016 Sheet 1 of 16 US 2016/0063933 A1

FIG. 1
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal dis-
play devices and methods for driving the same, particularly to
a liquid crystal display device in which alternating-voltage
drive is performed and a method for driving the same.

BACKGROUND ART

[0002] In the liquid crystal display device, voltages are
applied between pixel electrodes and a common electrode,
thereby changing the orientation direction (i.e., the longitu-
dinal direction) of liquid crystal molecules, so that an image
is displayed on a liquid crystal panel while the amount of light
to be transmitted through a liquid crystal layer is controlled.
[0003] However, to change the orientation direction of lig-
uid crystal molecules in accordance with the applied voltage,
it takes a predetermined period of time after the application of
the voltage. For example, in the case of a widely used TN
(Twisted Nematic), IPS (In-Plane Switching), FFS (Fringe
Field Switching), or VA (Vertically Aligned) liquid crystal
display device, it might take a time period of about 50 milli-
seconds after voltage application to the liquid crystal layer
until the orientation direction of liquid crystal molecules
changes. In addition, the response speed of the liquid crystal
changes in accordance with the temperature, and the response
speed decreases as the temperature lowers. Moreover, in the
case where the image refresh rate is 60 Hz, one frame period
is 16.7 milliseconds. Accordingly, if the response period of
the liquid crystal becomes longer than 16.7 milliseconds,
image lag might occur on the screen, resulting in reduced
display quality. Note that one frame period for a refresh rate
of 60 Hz will also be referred to herein as a “normal frame
period”. Accordingly, the duration of a normal frame period is
16.7 milliseconds.

[0004] Therefore, to improve the display speed of the liquid
crystal display device, for example, Japanese Laid-Open
Patent Publication No. 2004-4629 discloses a liquid crystal
display device in which “overshoot drive” is performed to
apply a higher voltage to a liquid crystal layer than a voltage
corresponding to an image signal. In the overshoot drive, a
look-up table (referred to below as an “LUT” or a “table”) is
used in which correction values are stored and correlated with
their respective combinations of grayscale values for the pre-
vious and current frames. More specifically, a correction
value correlated with a combination of grayscale values for
the previous and current frames is read from the LUT, and
overshoot drive is performed using a correction image signal
obtained by correcting an image signal with the correction
value. As a result, it is rendered possible to improve the
response speed of the liquid crystal display device.

CITATION LIST

Patent Document

[0005] Patent Document 1: Japanese Laid-Open Patent
Publication No. 2004-4629

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] Intheliquid crystal display device, if voltages of the
same polarity continue to beapplied to the liquid crystal layer,
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burn-in might occur on the liquid crystal layer, resulting in
deterioration of the liquid crystal layer. Therefore, to prevent
such deterioration of the liquid crystal layer, alternating-volt-
age drive in which the polarity of a data voltage correspond-
ing to an image signal is inverted upon each writing is pet-
formed. However, in some cases where alternating-voltage
drive is performed, flicker due to flexoelectric polarization
occurs, as will be described later, resulting in reduced display
quality. Such flicker occurs in liquid crystal display devices in
a transverse electric field mode, such as FFS, more readily
than liquid crystal display devices in a vertical electric field
mode, such as VA, and further, such flicker is more readily
recognizable during pause drive which alternates between a
refresh period for image updating and a pause period in which
the image updating is paused than during normal drive in
which a video is displayed while updating images at a refresh
rate of 60 Hz.

[0007] Therefore, an objective of the present invention is to
provide a liquid crystal display device capable of preventing
a reduction in display quality by suppressing the occurrence
of flicker due to flexoelectric polarization during alternating-
voltage drive, and another objective is to provide a method for
driving the same.

Means for Solving the Problems

[0008] A first aspect of the present invention is directed to
aliquid crystal display device performing alternating-voltage
drive, comprising:

[0009] a plurality of scanning signal lines formed on an
insulating substrate;

[0010] a plurality of data signal lines crossing each of the
scanning signal lines;

[0011] a plurality of pixel forming portions formed at
respective intersections of the scanning signal lines and the
data signal lines;

[0012] a grayscale control portion configured to output
either a correction image signal or an image signal, the cor-
rection image signal being obtained by subjecting input
image data to a grayscale correction process for correcting a
temporal signal change, the image signal being the input
image data that is not subjected to the grayscale correction
process;

[0013] a scanning signal line driver circuit configured to
sequentially select and scan the scanning signal lines;
[0014] a data signal line driver circuit configured to apply
either a data voltage or a grayscale correction voltage to the
data signal lines, the data voltage being generated in accor-
dance with the image signal and corresponding to a target
grayscale value, the grayscale correction voltage being gen-
erated by correcting the data voltage in accordance with the
correction image signal; and

[0015] a display control portion configured to control the
scanning signal line driver circuit and the data signal line
driver circuit, wherein,

[0016] the display control portion writes the grayscale cor-
rection voltage to the pixel forming portions during a first
frame period, as well as the data voltage having the same
polarity as the grayscale correction voltage during a second
frame period, thereby performing control such that screen
refresh is performed, and

[0017] the first frame period has a duration greater than or
equal to a quarter of a frame period at a refresh rate of 60 Hz
but less than the frame period.
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[0018] According to a second aspect of the present inven-
tion, in the first aspect of the present invention, the second
frame period has the same duration as the first frame period.
[0019] According to a third aspect of the present invention,
in the first aspect of the present invention, the display control
portion sets a pause period upon completion of the writing of
the data voltage to the pixel forming portions during the
second frame period, whereby the writing of the data voltage
to the pixel forming portions is paused.

[0020] According to a fourth aspect of the present inven-
tion, in the first aspect of the present invention, wherein,
[0021] the grayscale control portion includes:

[0022] frame memory having stored the input image data
for each frame;

[0023] a table having correction values stored corre-
sponding to previous-frame grayscale values and cur-
rent-frame grayscale values for the input image data;

[0024] a comparator circuit configured to obtain a cur-
rent-frame grayscale value for the input image data and
a previous-frame grayscale value for the input image
data stored in the frame memory, and output the obtained
values to the table; and

[0025] an adder circuit configured to output either the
correction image signal or the image signal to the data
signal line driver circuit in accordance with the input
image data,

[0026] the table has the correction values stored corre-
sponding to combinations of the current-frame grayscale val-
ues and the previous-frame grayscale values for the input
image data, and outputs a corresponding correction value
from among the combinations to the adder circuit when the
comparator circuit provides the table with a current-frame
grayscale value and a previous-frame grayscale value for the
input image data, and

[0027] the adder circuit outputs the correction image signal
after correcting the grayscale value for the input image data
with the correction value provided by the table, or outputs the
image signal without correcting the grayscale value for the
input image data.

[0028] According to a fifth aspect of the present invention,
in the fourth aspect of the present invention, the display
control portion includes a drive frequency control circuit
configured to, upon acquisition of update information from
the comparator circuit indicating that the input image datahas
not yet been updated, adjust the duration of the first frame
period to be less than the duration of the frame period on the
basis of the update information.

[0029] According to a sixth aspect of the present invention,
in the fifth aspect of the present invention, wherein,

[0030] the update information includes first update infor-
mation and second update information, the first update infor-
mation indicating that the input image data has not yet been
updated, the second update information indicating that the
input image data has been updated, and

[0031] the display control portion further includes a drive/
pause control circuit configured to generate a drive/pause
control signal to switch between a drive period and a pause
period when the first update information is provided by the
comparator circuit or only set a data voltage writing period in
which the data voltage is written when the second update
information is provided, the drive period consisting of a gray-
scale correction period in which the grayscale correction
voltage is written and the data voltage writing period.
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[0032] According to a seventh aspect of the present inven-
tion, in the fourth aspect of the present invention, further
including a temperature sensor configured to measure an
ambient temperature around the liquid crystal display device,
wherein,

[0033] the table includes a plurality of subtables having
stored different correction values for predetermined tempera-
ture ranges, and

[0034] the table selects from among the subtables one that
corresponds to temperature information provided by the tem-
perature sensor in accordance with the temperature informa-
tion.

[0035] According to an eighth aspect of the present inven-
tion, in the first aspect of the present invention, the pixel
forming portion includes a thin-film transistor being con-
nected at a control terminal to the scanning signal line, at a
first conductive terminal to the data signal line, and at a
second conductive terminal to a pixel electrode to which the
data voltage or the grayscale correction voltage is to be
applied, the thin-filmtransistor having a channel layer formed
with an oxide semiconductor.

[0036] According to a ninth aspect of the present invention,
in the eighth aspect of the present invention, the oxide semi-
conductor includes indium, gallium, zinc, and oxygen.
[0037] According to a tenth aspect of the present invention,
in the third aspect of the present invention, the data signal line
driver circuit applies a ground potential to the data signal line
during the pause period.

[0038] According to an eleventh aspect of the present
invention, in the third aspect of the present invention, the data
signal line driver circuit sets the data signal line at a floating
potential during the pause period.

[0039] According to a twelfth aspect of the present inven-
tion, in the first aspect of the present invention, the insulating
substrate has a common electrode and a pixel electrode
formed thereon such that one electrode is superimposed over
the other electrode with an insulating film positioned therebe-
tween, the overlying electrode having a plurality of openings
provided therein.

[0040] According to a thirteenth aspect of the present
invention, in anyone of the first to twelfth aspects of the
present invention, alternating-voltage drive is performed in a
dot-by-dot inversion drive mode, a line-by-line inversion
drive mode, a column-by-column inversion drive mode, or a
frame-by-frame inversion drive mode.

[0041] A fourteenth aspect of the present invention is
directed to a method for driving aliquid crystal display device
configured to display an image represented by input image
data on a display portion, including:

[0042] a grayscale correction voltage application step for
applying a grayscale correction voltage to a liquid crystal
layer by writing the grayscale correction voltage to a pixel
forming portion during a time period having a duration
greater than or equal to a quarter of a frame period at a refresh
rate of 60 Hz but less than the frame period, the grayscale
correction voltage being obtained by performing a grayscale
correction process on a data voltage corresponding to a target
grayscale value for the input image data; and

[0043] adata voltage application step for applying the data
voltage to the liquid crystal layer by writing the data voltage
to the pixel forming portion without subjecting the data volt-
age to the grayscale correction process.

[0044] According to a fifteenth aspect of the present inven-
tion, in the fourteenth aspect of the present invention, in the
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data voltage application step, the data voltage is applied for a
time period having the same duration as the period in which
the grayscale correction voltage is applied in the grayscale
correction voltage application step.

Effect of the Invention

[0045] 1In the first aspect of the present invention, the gray-
scale correction process is performed in order to adjust the
first frame period such that the “positive effective area” and
the “negative effective area” are approximately equal in size
during the first frame period. In this grayscale correction
process, the duration of the first frame period is set to be
greater than or equal to a quarter of one frame period at a
refresh rate of 60 Hz but less than one frame period. This
renders it possible to make adjustments such that luminance is
inhibited from abruptly dropping immediately after a polarity
change, and also luminance is prevented from becoming
excessively high or low due to the grayscale correction pro-
cess, and therefore, the occurrence of flicker due to flexoelec-
tric polarization during alternating-voltage drive can be sup-
pressed. Thus, the image display quality of the liquid crystal
display device can be enhanced to such an extent that the
viewer barely notices flicker.

[0046] In the second aspect of the present invention, each
drive period is set such that the second frame period in which
to write the data voltage has the same duration as the first
frame period in which to write the grayscale correction volt-
age. Accordingly, for any pixel forming portions within one
screen, it is possible to render constant the time taken from the
writing of a grayscale correction voltage to the writing of a
data voltage, i.e., the time taken from the start to the end of the
writing of the grayscale correction voltage can be equalized
among all pixel forming portions. Thus, the size of the “posi-
tive effective area” is the same among the pixel forming
portions, so that the occurrence of uneven flicker distribution
due to flexoelectric polarization during alternating-voltage
drive can be suppressed.

[0047] Inthethird aspect ofthe present invention, the pause
period is set after the end of the writing of the grayscale
correction voltage and the data voltage. Thus, flicker due to
flexoelectric polarization, which is readily recognizable dur-
ing pause drive for which the refresh rate is low, can be
suppressed.

[0048] In the fourth aspect of the present invention, the
adder circuit provided in the grayscale control portion per-
forms the grayscale correction process by outputting a cor-
rection image signal, which is obtained by correcting the
grayscale value of input image data with a correction value
provided by the table, and thereafter, outputting an image
signal without correcting the grayscale value of the input
image data. As a result, the grayscale correction voltage can
be written before a data voltage generated on the basis of the
image signal and corresponding to a target grayscale value is
written to the pixel forming portion, so that the occurrence of
flicker due to flexoelectric polarization during alternating-
voltage drive can be suppressed.

[0049] In the fifth aspect of the present invention, upon
acquisition of the update information from the comparator
circuit indicating that the input image data has not yet been
updated, the drive frequency control circuit included in the
display control portion shortens the duration of the first frame
period in which to write the grayscale correction voltage to
the pixel forming portion. As a result, the writing of the
grayscale correction voltage ends before the luminance of the
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pixel forming portion becomes excessively high, so that the
occurrence of flicker due to flexoelectric polarization during
alternating-voltage drive can be suppressed.

[0050] Inthe sixthaspect of the present invention, when the
first update information indicating that the input image data
has not been updated is provided, the drive/pause control
circuit included in the display control portion switches
between the drive period, which consists of the grayscale
correction period and the data voltage writing period, and the
pause period, and when the second update information indi-
cating that the input image data has been updated is provided,
the drive/pause control circuit generates a drive/pause control
signal to provide an instruction to set only the data voltage
writing period. In this case, the display control portion gen-
erates and outputs a drive/pause signal to provide an instruc-
tion to, when the input image data has been updated, write a
data voltage during a period having the same duration as a
normal frame period, or, when the input image data has not
yet been updated, write each of the grayscale correction
period and the data voltage writing period in a period shorter
than a normal frame period. As a result, the drive/pause con-
trol circuit can output a drive/pause control signal for normal
drive or pause drive to the data signal line driver circuit on the
basis of the input image data.

[0051] In the seventh aspect of the present invention, the
temperature sensor and the subtables having correction val-
ues stored for different temperatures are provided, such that
the grayscale correction process is performed by selecting
one of the subtables in accordance with the temperature of the
environment in which the liquid crystal display device is
used. Thus, for liquid crystal display devices to be used in a
wide temperature range, luminance adjustments can be made
such that luminance becomes optinum regardless of the tem-
perature when the grayscale correction voltage is written,
making it possible to suppress the occurrence of flicker due to
flexoelectric polarization during alternating-voltage drive.
[0052] In the eighth aspect of the present invention, as the
switching element of each pixel forming portion, a thin-film
transistor whose channel layer is formed with an oxide semi-
conductor is used. This renders it possible to reduce off-
leakage current of the thin-film transistor significantly, so that
the voltage written in the pixel capacitor of the pixel forming
portion can be retained for a long period of time. Further, in
the case where pause drive is performed, power consumption
for image display can be reduced significantly.

[0053] Intheninthaspectofthe presentinvention, the oxide
semiconductor with which the channel layer of the thin-film
transistor included in the pixel forming portion is formed
includes indium, gallium, zinc, and oxygen, so that the effect
of the eighth aspect of the invention can be reliably achieved.
[0054] In the tenth aspect of the present invention, the
potential of the data signal line is set at a ground potential
during the pause period. Thus, the potential of the data signal
line is fixed, so that an erroneous operation due to noise can be
prevented.

[0055] In the eleventh aspect of the present invention, the
operation of the data signal line driver circuit is stopped
during the pause period, thereby setting the data signal line at
a floating potential. Thus, power consumption of the data
signal line driver circuit can be reduced.

[0056] In the twelfth aspect of the present invention, the
occurrence of flicker due to flexoelectric polarization during
alternating-voltage drive can be suppressed even in FFS lig-
uid crystal display devices, which are prone to such flicker.
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[0057] Thethirteenth aspect of the present invention allows
the occurrence of flicker to be suppressed when the liquid
crystal display devices according to any of the first to twelfth
aspects of the invention are driven in any of the alternating-
voltage drive modes: dot-by-dot inversion drive; line-by-line
inversion drive; column-by-column inversion drive; and
frame-by-frame inversion drive.

[0058] The effect of the fourteenth aspect of the present
invention is apparent from the descriptions of the effect of the
first aspect of the invention and embodiments to be delineated
below, and therefore, any description thereof will be omitted.
[0059] The effect of the fifteenth aspect of the present
invention is apparent from the descriptions of the effect of the
second aspect and the embodiments to be delineated below,
and therefore, any description thereof will be omitted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] FIG. 1 is a plan view of a pixel forming portion
formed on an array substrate included in an FFS liquid crystal
panel.

[0061] FIG. 2 is a cross-sectional view of the FFS liquid
crystal panel shown in FIG. 1.

[0062] FIG. 3 is a diagram illustrating luminance changes
within a pixel forming portion in a first basic study where the
polarity of an image signal changes from positive to negative.
[0063] FIG. 4 is a timing chart illustrating a method for
driving a liquid crystal display device to be carried out in a
second basic study.

[0064] FIG. 5 is a diagram illustrating luminance changes
within a pixel forming portion in the second basic study
where the polarity of animage signal changes from positive to
negative.

[0065] FIG. 6 is a diagram describing the reason why
flicker occurs when drive is performed by the drive method
shown in FIG. 4.

[0066] FIG. 7 isa block diagram illustrating the configura-
tion of a liquid crystal display device according to a first
embodiment of the present invention.

[0067] FIG. 8 is a block diagram illustrating the configura-
tion of a display control portion included in the liquid crystal
display device shown in FIG. 7.

[0068] FIG. 9 is a diagram illustrating an example of the
configuration of an LUT used in the liquid crystal display
device shown in FIG. 7.

[0069] FIG. 10 is a timing chart illustrating a method for
driving the liquid crystal display device shown in FIG. 7.
[0070] FIG. 11 is a diagram illustrating luminance changes
within a pixel forming portion when the polarity of an image
signal changes from positive to negative in the method for
driving the liquid crystal display device shown in FIG. 7.
[0071] FIG. 12 is a diagram describing the occurrence of
flicker being suppressed by the method for driving the liquid
crystal display device shown in FI1G. 7.

[0072] FIG. 13 is a timing chart illustrating a method for
driving a liquid crystal display device according to a first
variant of the first embodiment.

[0073] FIG. 14 is a block diagram illustrating the configu-
ration of a liquid crystal display device according to a second
embodiment of the present invention.

[0074] FIG. 15 is a block diagram illustrating the configu-
ration of a display control portion included in the liquid
crystal display device shown in FIG. 14.
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[0075] FIG. 16 is adiagram showing an example of an LUT
for normal temperature used in the liquid crystal display
device shown in FIG. 14.

[0076] FIG. 17 is adiagram showing an example of an LUT
for high temperature used in the liquid crystal display device
shown in FIG. 14.

[0077] FIG. 18is adiagram showing an example of an LUT
for low temperature used in the liquid crystal display device
shown in FIG. 14.

MODES FOR CARRYING OUT THE INVENTION

1. Basic Studies

[0078] <I.1 Cause of Flicker>

[0079] The modes of driving the liquid crystal display
device include the vertical electric field mode, such as VA, in
which a voltage is applied vertically to an insulating substrate
and the transverse electric field mode, such as IPS and FFS, in
which a voltage is applied approximately parallel to an insu-
lating substrate. In the case of the transverse electric field
mode, unlike in the case of the vertical electric field mode, a
common electrode, along with pixel electrodes, is formed on
one insulating substrate (array substrate) in order to generate
an electric field approximately parallel to the other insulating
substrate. By applying voltages between the pixel electrodes
and the common electrode, liquid crystal molecules rotate
within a plane parallel to the insulating substrate and are
oriented in the direction of the electric field. Such a liquid
crystal display device employing the transverse electric field
mode has superior viewing angle characteristics compared to
the liquid crystal display device employing the vertical elec-
tric field mode. Particularly, the FFS liquid crystal panel is a
panel developed for solving problems with the IPS liquid
crystal panel, such as low aperture ratio and low transmit-
tance, and such a mode is also called an oblique electric field
mode.

[0080] The configuration and the operation of the FFS lig-
uid crystal panel will be described. FIG. 1 is a plan view of a
pixel forming portion 10 formed on an array substrate
included in the FFS liquid crystal panel, and FIG. 2 is a
cross-sectional view of the FFS liquid crystal panel shown in
FIG. 1. As shown in FIGS. 1 and 2, the FFS liquid crystal
panel includes the array substrate and a color filter substrate.
The array substrate has scanning signal lines G, and common
lines CS, which are formed parallel to each other, and also has
data signal lines SI, formed perpendicularly to the scanning
signal lines GL and the common lines CS. Formed on the
insulating substrate is a common electrode 13 covering the
most part of the pixel forming portion 10 and electrically
connected to the common line CS. There is a pixel electrode
12 superimposed over the top surface of the common elec-
trode 13 with an insulating film 16 positioned therebetween,
and the pixel electrode 12 has a plurality of openings (slits)
12s provided in stripes.

[0081] Formed near the intersection of the scanning signal
line GL and the data signal line SL is a thin-film transistor
(TFT) 11 functioning as a switching element. There is dis-
posed a semiconductor layer (channel layer) 11a on the sur-
face of the scanning signal line GL, such that a part of the data
signal line SL, extends as a source electrode S covering a part
of the top surface of the semiconductor layer 114, a portion of
the scanning signal line GL that is located below the semi-
conductor layer 11a acts as a gate electrode G, and a part of
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the pixel electrode 12 that overlaps the semiconductor layer
11a acts as a drain electrode D.

[0082] Formed on the pixel electrode 12 is an alignment
film 18 oriented in a predetermined direction. On the other
hand, there are a color filter layer 17 and another alignment
film 18 formed sequentially on the surface of the color filter
substrate. The array substrate and the color filter substrate are
arranged such that the alignment films 18 face each other, and
there is a liquid crystal layer sandwiched between the sub-
strates.

[0083] In this liquid crystal panel, when voltages are
applied between the pixel electrodes 12 and the common
electrode 13, electric fields are formed so as to be directed
toward the common electrode 13 from opposite sides of the
pixel electrodes 12. As a result, not only liquid crystal mol-
ecules between the pixel electrodes 12 but also liquid crystal
molecules above the pixel electrodes 12 are oriented in the
same direction as the electric fields. Accordingly, the FFS
liquid crystal panel offers higher contrast with wider viewing
angles than the IPS liquid crystal panel, and also is charac-
terized by being bright because of its high transmittance, but
it has a problem of being prone to flicker. Note that the array
substrate and the color filter substrate have their respective
polarizers attached thereto, but any illustrations and descrip-
tions of the polarizers are omitted.

[0084] Described next is the mechanism by which flicker is
caused to occur readily when alternating-voltage drive is
performed on the FFS liquid crystal panel. Liquid crystal
molecules in the liquid crystal panel tend to be oriented in the
same direction as the electric fields. On the other hand, the
force of alignment regulation by the alignment film 18 acts to
fix the orientation direction of the liquid crystal molecules to
the rubbing direction of the alignment film 18. If such a force
causes the orientation direction of the liquid crystal mol-
ecules to change abruptly, the resultant polarization (i.e.,
flexoelectric polarization) emerges without being cancelled
out. The flexoelectric polarization in itself responds to the
electric field, thereby causing alignment deformation of the
liquid crystal molecules, which is superimposed on align-
ment deformation caused by dielectric anisotropy. As a result,
the phenomenon where light transmittance changes due to
flexoelectric polarization can be seen in the vicinity of the
slits 12s of the pixel electrodes 12. This phenomenon results
in different light transmittance values within the same pixel
forming portion 10 between area P1 (referred to below as
“first area P17) close to the slit 125 of the pixel electrode 12
and area P2 (referred to below as “second area P2”) distant
from the slit 12s. In this manner, there are areas with different
luminances within the same pixel forming portion 10, and
such a luminance difference between the areas causes flicker
to occur.

[0085] Note that in the foregoing, the common electrode
has been described as a lower electrode and the pixel elec-
trode has been described as an upper electrode, but the pixel
electrode may be alower electrode and the common electrode
may be an upper electrode. In such a case, the slits are formed
in the common electrode, which is the upper electrode. In
addition, the light transmittance change due to flexoelectric
polarization occurs conspicuously in the FFS liquid crystal
panel, but such a change can also be seen in the IPS liquid
crystal panel.

[0086] <1.2 First Basic Study>

[0087] Theluminance change due to flexoelectric polariza-
tion within the same pixel forming portion 10 will be
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described. FIG. 3 is a diagram illustrating luminance changes
within a pixel forming portion 10 in a first basic study where
the polarity of a data voltage corresponding to a target gray-
scale value for an image signal (referred to below simply as a
“data voltage”) changes from positive to negative. As
described above, the pixel forming portion 10 has two areas
whose luminances are different in accordance with the dis-
tance from the slit 12s. As a result of a positive image signal
being written to the pixel forming portion, the luminance of
first area P1 close to the slit 125 becomes higher than that of
second area P2 distant from the slit 12s.

[0088] Next, when a negative data voltage is written, the
luminance of second area P2 keeps rising slowly. However,
the luminance of first area P1 drops abruptly, and is main-
tained at a constant value thereafter. In this case, the viewer
sees the luminance changes in first and second areas P1 and
P2 simultaneously. Accordingly, the luminance visually rec-
ognized by the viewer abruptly drops immediately after the
change from positive to negative. Therefore, the viewer visu-
ally recognizes the luminance drop as flicker.

[0089] As for the FFS liquid crystal display device, such
flicker is a phenomenon that can be seen even in the case of
normal drive where a video is displayed at a refresh rate of 60
Hz, but since the refresh rate of 60 Hz is high, the viewer is
barely bothered by the occurrence of flicker. On the other
hand, in the case where pause drive is performed, the refresh

rate is low, and therefore, the occurrence of flicker is notice-
able.

[0090] <1.3 Second Basic Study>

[0091] Inthe first basic study, when the polarity of the data
voltage changes from positive to negative, the speed of the
luminance change from low to high in second area P2 is slow
compared to the speed of the luminance change from high to
low in first area P1, resulting in the problem where the lumi-
nance drops significantly, immediately after the polarity
change of the data voltage. Therefore, conceivably, the occur-
rence of flicker can be suppressed ifit is possible to inhibit the
abrupt luminance drop in first area P1 immediately after the
polarity change of the data voltage during alternating-voltage
drive.

[0092] FIG. 4 is a timing chart illustrating a method for
driving the liquid crystal display device to be discussed in the
second basic study. As shown in FIG. 4, an overshoot voltage
(OS) having a higher voltage value than a data voltage is
written in a first frame period (i.e., a first F-period) every drive
period. Next, the data voltage is written in a second frame
period (i.e., a second F-period). Thereafter, a pause period is
provided by inserting a pause frame period equivalent to N
frame periods.

[0093] FIG. 5is a diagram illustrating luminance changes
within a pixel forming portion 10 in the second basic study
where the polarity of a data voltage changes from positive to
negative. As shown in FIG. 5, before the polarity of the data
voltage changes from positive to negative, a negative over-
shoot voltage is initially written for one frame period, and a
negative data voltage is written for the next frame period.

[0094] FIG. 5 only shows the case where the polarity of the
data voltage changes from positive to negative. However, also
in the case where the polarity of the data voltage changes from
negative to positive, a positive overshoot voltage is initially
written for one frame period, and a data voltage is written for
the next frame period. Thereafter, the operation of writing an
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overshoot voltage for one frame period and a data voltage for
the next frame period will be repeated similarly while chang-
ing the polarity.

[0095] Luminance changes in first area P1 and second area
P2 which occur when the polarity of a data voltage changes
from positive to negative will be described. In the case where
the polarity of a data voltage changes from positive to nega-
tive when the luminance of first area P1 is higher than that of
second area P2, a negative overshoot voltage is written for a
frame period immediately before the data voltage is written
(i.e., afirst frame period). As a result, the luminance of second
area P2 rises abruptly from low to high. At the same time, the
luminance of first area P1 drops abruptly from high to a value
determined by the overshoot voltage, and thereafter, remains
at the value.

[0096] The data voltage is written for the next frame period
(i.e., a second frame period). As a result, the luminance of
second area P2, which has risen excessively due to overshoot
drive, drops to a value corresponding to the data voltage, and
is maintained constant at the value. On the other hand, the
luminance of first area P1, which has risen due to overshoot
drive during the first frame period, drops to a value deter-
mined by the data voltage, and is maintained constant at the
value.

[0097] In this manner, by performing overshoot drive dur-
ing the first frame period, it is rendered possible to inhibit the
luminance of first area P1 from abruptly dropping immedi-
ately after the polarity change, and also to improve the liquid
crystal response speed in second area P2. This lessens the
abrupt luminance drop caused immediately after the polarity
change of the data voltage.

[0098] FIG. 6 is a diagram describing the reason why
flicker occurs when drive is performed by the drive method
shown in FIG. 4. As shown in FIG. 6, overshoot drive is
performed during the first frame period, so that an abrupt
luminance drop still occurs immediately after a polarity
change but to a lesser extent compared to the first basic study
shown in FIG. 3. However, overshoot drive results in the size
of an area with a higher luminance than an average luminance
(referred to below as a “positive effective area”) being larger
than the size of an area with a lower luminance than the
average luminance (referred to below as a “negative effective
area”). Such an unbalance in size between the positive effec-
tive area and the negative effective area is due to the lumi-
nance of second area P2 being excessively high. Such an
increase in the size of the “positive effective area” is conceiv-
ably the cause of flicker.

[0099] As the results of the first and second basic studies
suggest, to suppress the occurrence of flicker immediately
after a polarity change of the data voltage, it is insufficient to
set an overshoot drive period of one frame for application of
an overshoot voltage higher than the data voltage immedi-
ately after the polarity change of the data voltage, and further,
it is necessary to set the overshoot voltage at a voltage value
which causes the “positive effective area” and the “negative
effective area” to be approximately equal in size.

[0100] Embodiments of the present invention, which has
been devised on the basis of the first and second basic studies
in order to suppress the occurrence of flicker due to flexoelec-
tric polarization, will be described below.

2. First Embodiment

[0101] In the following descriptions, pause drive refers to
drive which alternates between a drive period for screen
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refresh and a pause period for pausing the refresh, and normal
drive refers to drive which only involves drive periods but no
pause periods. Moreover, as will be described later, the drive
period for pause drive includes an overshoot drive period and
a data voltage writing period in which to write a data voltage
in accordance with image data, whereas the drive period for
normal drive only includes a data voltage writing period.
Furthermore, “one frame period” is a period required for
refreshing one screen, and in each embodiment to be
described below, the duration of “one frame period” is 16.7
milliseconds, which is equivalent to the duration of one frame
period where the refresh rate is 60 Hz, but the present inven-
tion is not limited to this.

[0102] <2.1Overall Configuration and Summary of Opera-
tion>
[0103] FIG. 7isa block diagram illustrating the configura-

tion of a liquid crystal display device 100 according to the
present embodiment. The liquid crystal display device 100
includes a display control portion 200, a drive portion 300, a
grayscale control portion 400, and a display portion 500. The
drive portion 300 includes a data signal line driver circuit 310
and a scanning signal line driver circuit 320. The display
portion 500 is included in a liquid crystal panel. The liquid
crystal panel may be configured such that the display portion
500 is integrally formed with either or both of the data signal
line driver circuit 310 and the scanning signal line driver
circuit 320. Provided outside the liquid crystal display device
100 is a host (not shown) mainly composed ofa CPU (Central
Processing Unit), and the host transmits data, including
image data DV (also referred to as “input image data”), which
represents an image to be displayed on the display portion
500, to the liquid crystal display device 100.

[0104] Formed on the display portion 500 are a plurality of
data signal lines SL, a plurality of scanning signal lines GL, a
plurality of common lines (not shown), and a plurality of pixel
forming portions 10 arranged in a matrix corresponding to
their respective intersections of the data signal lines SL. and
the scanning signal lines GL. For the sake of convenience,
FIG. 7 only shows one pixel forming portion 10 as well as one
data signal line SL and one scanning signal line GL, each
being connected to the pixel forming portion 10.

[0105] The pixel forming portion 10 includes a thin-film
transistor (TFT) 11, which is connected at a gate terminal
(also referred to as a “control terminal”) to its corresponding
scanning signal line GL and at a source terminal (also referred
to as a “first conductive terminal”) to its corresponding data
signal line SL, and functions as a switching element, a pixel
electrode 12 connected to a drain terminal (also referred to as
a “second conductive terminal”) of the TFT 11, a common
electrode 13 provided commonly for the pixel forming por-
tions 10, and a liquid crystal layer (not shown) provided
commonly for the pixel forming portions 10 between two
substrates included in the liquid crystal panel, i.c., an array
substrate and a color filter substrate (neither of which is
shown). The pixel electrode 12, the common electrode 13,
and an insulating film 16 sandwiched therebetween constitute
a pixel capacitor Cp. The common electrodes 13 of the pixel
forming portions 10 are connected to one another via the
unillustrated common lines. Note that the arrangement of the
TFT 11, the pixel electrode 12, the common electrode 13, etc.,
in each pixel forming portion 10 is the same as in the FFS
pixel panel shown in FIGS. 1 and 2, and therefore, any
description thereof will be omitted.
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[0106] Furthermore, as the TFT 11 included in each pixel
forming portion 10, a TFT whose channel layer is made with,
for example, an oxide semiconductor is used. More specifi-
cally, the channel layer of the TFT 11 is formed using
In—Ga—7n—0 (indium gallium zinc oxide) consisting of
indium (In), gallium (Ga), zinc (Zn), and oxygen (O). The
TFT whose channel layer is made with In—Ga—7n—O0O
reduces off-leakage current significantly compared to silicon-
based TFTs whose channel layers are made with amorphous
silicon or suchlike. Accordingly, a voltage written in the pixel
capacitor Cp of each pixel forming portion 10 is maintained
for a long period of time. Note that similar effects can be
achieved even in the case where an oxide semiconductor other
than In—Ga—Zn—0 is used as the channel layer, e.g.. an
oxide semiconductor including at least one of the following:
indium, gallium, zinc, copper (Cu), silicon (Si), tin (Sn),
aluminum (Al), calcium (Ca), germanium (Ge), and lead

(Pb).

[0107] The display control portion 200 is realized typically
as an IC (integrated circuit), as will be described in detail later
in conjunction with the configuration thereof. The display
control portion 200 receives a vertical synchronization signal
Vsyne and a horizontal synchronization signal Hsync, which
are required for displaying an image to be displayed, from the
host, and then, in accordance with these signals, the display
control portion 200 generates a data signal line driver circuit
control signal Ssc, a scanning signal line driver circuit control
signal Sgc, a common voltage signal (not shown), etc. The
data signal line driver circuit control signal Ssc is supplied to
the data signal line driver circuit 310, the scanning signal line
driver circuit control signal Sge is supplied to the scanning
signal line driver circuit 320, and the common voltage signal
is supplied to the common electrode 13 provided in the dis-
play portion 500. In addition, the display control portion 200
generates an amp enable signal (also referred to as a “drive/
pause control signal”) AE for switching between normal drive
and pause drive or switching between a drive period and a
pause period during pause drive, a polarity control signal PC
for switching the polarity of a data voltage from positive to
negative or from negative to positive, and a dot clock output
signal DCLK_OUT to be described later, and the display
control portion 200 supplies these signals to the data signal
line driver circuit 310.

[0108] The grayscale control portion 400, as with the dis-
play control portion 200, is realized typically as an IC, as will
be described in detail later in conjunction with the configu-
ration thereof. The grayscale control portion 400 outputs
image data DV, which is transmitted by the host, to the data
signal line driver circuit 310 as an image signal DS. and the
grayscale control portion 400 also corrects a grayscale value
specified by the image data DV, thereby generating a correc-
tion image signal DCS with a high grayscale value, and out-
puts the signal to the data signal line driver circuit 310.

[0109] The data signal line driver circuit control signal Ssc
supplied to the data signal line driver circuit 310 includes, for
example, a source start pulse signal, a source clock signal, and
a latch strobe signal. The data signal line driver circuit 310
causes unillustrated internal components, such as a shift reg-
ister and a sampling latch circuit, to operate in accordance
with the data signal line driver circuit control signal Ssc, and
applies the image signal DS and the correction image signal
DCS, which are supplied from the grayscale control portion
400, to the data signal lines SL after conversion to analog
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signals, which are respectively a data voltage and an over-
shoot voltage, through an unillustrated DA conversion circuit.
[0110] The scanning signal line driver circuit 320 repeats
applying active scanning signals to the scanning signal lines
GL in predetermined cycles in accordance with the scanning
signal line driver circuit control signal Sgc. The scanning
signal line driver circuit control signal Sgc includes, for
example, a gate clock signal and a gate start pulse signal. The
scanning signal line driver circuit 320 causes unillustrated
internal components, such as a shift register, to operate in
accordance with the gate clock signal and the gate start pulse
signal, thereby generating scanning signals, and applies the
signals to the scanning signal lines GL.

[0111] The display portion 500 has a backlight unit (not
shown) provided at the back, and the backlight unit illumi-
nates the display portion 500 with backlight from the back-
side. The backlight unit may be controlled by the display
control portion 200 or may be controlled by another method.
Note that in the case where the liquid crystal panel is of a
reflective type, there is no need to provide the backlight unit.
[0112] In this manner, the scanning signals are applied to
the scanning signal lines GL, the overshoot voltage and the
data voltage are applied sequentially to the data signal lines
SL, and the backlight unit is driven so that the image repre-
sented by the image data DV transmitted by the host is dis-
played on the display portion 500 of the liquid crystal panel.
[0113] <2.2 Configuration of the Display Control Portion>
[0114] FIG. 81sa block diagram illustrating the configura-
tion of the display control portion 200 included in the liquid
crystal display device 100 according to the present embodi-
ment. As shown in FIG. 8, the display control portion 200
includes a drive/pause control circuit 21, a polarity control
circuit 22, a timing generator 23, and a drive frequency con-
trol circuit 24, and the drive frequency control circuit 24
includes a PLL (phase locked loop) circuit 25 and a selector
26. The display control portion 200 is supplied with signals
from the host, such as a first dot clock signal DCLK_A and
synchronization signals Hsync and Vsyne, and also supplied
with a dot clock selection signal SEL_DCLK (referred to in
some cases as “update information”) from the grayscale con-
trol portion 400. The dot clock selection signal SEL._DCLK
includes information which specifies either pause drive or
normal drive, along with information which specifies the
speed of transmitting image data DV (i.e., a clock rate)
required for the drive.

[0115] Once the host supplies the selector 26 and the PLL
circuit 25 with the first dot clock signal DCLK_A, which
specifies the speed of transmitting the image data DV, the PLL
circuit 25 generates a second dot clock signal DCLK_B,
which specifies image data transmission speeds for an over-
shoot drive period (also referred to as a “first frame period”)
and a data voltage writing period (also referred to as a “second
frame period”), on the basis of the first dot clock signal
DCLK_A, and provides the signal to the selector 26. In this
case, the clock rate specified by the second dot clock signal
DCLK_B is faster than the clock rate specified by the first dot
clock signal DCLK_A, and therefore, the duration of one
frame period is shorter in the case where the second dot clock
signal DCLK_B is provided than in the case where the first
dot clock signal DCLK_A is provided. In this manner, the
duration of one frame period can be changed depending on
whether the data signal line driver circuit 310 is provided with
the first dot clock signal DCLK_A or the second dot clock
signal DCLK_B.
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[0116] The selector 26 selects either the first dot clock
signal DCLK_A or the second dot clock signal DCLK_B in
accordance with the dot clock selection signal SEL._DCLK
provided by the grayscale control portion 400, and outputs the
selected signal to the timing generator 23. More specifically,
the selector 26 selects and outputs the first dot clock signal
DCLK_A in the case where normal drive is performed in
accordance with the dot clock selection signal SEL._DCLK or
selects and outputs the second dot clock signal DCLK_B in
the case where pause drive is performed. The first or second
dot clock signal DCLK_A or DCLK_B selected and output-
ted by the selector 26 in the above manner is referred to as the
dot clock output signal DCLK_OUT. Note that the present
invention achieves considerable effects upon application to
pause drive, and therefore, the case where the invention is
applied to pause drive will be described in detail below while
a supplementary description will be given regarding the case
where the invention is applied to normal drive.

[0117] Once the timing generator 23 is supplied with a
horizontal synchronization signal Hsync and a vertical syn-
chromization signal Vsync as synchronization signals for the
image data DV from the host, the timing generator 23 gener-
ates a data signal line driver circuit control signal Ssc and a
scanning signal line driver circuit control signal Sgc on the
basis of the synchronization signals Hsync and Vsyne, and
supplies the data signal line driver circuit control signal Ssc to
the data signal line driver circuit 310, the drive/pause control
circuit 21, and the polarity control circuit 22 and also supplies
the scanning signal line driver circuit control signal Sgc to the
scanning signal line driver circuit 320. Moreover, the timing
generator 23 supplies the dot clock output signal DCLK _
OUT provided by the selector 26 to the data signal line driver
circuit 310, the drive/pause control circuit 21, the polarity
control circuit 22, and frame memory 31 of the grayscale
control portion 400 to be described later.

[0118] On the basis of the dot clock selection signal SEL_
DCLK provided by the grayscale control portion 400, as well
as the dot clock output signal DCLK_OUT and the data signal
line driver circuit control signal Ssc provided by the timing
generator 23, the drive/pause control circuit 21 generates and
provides an amp enable signal AE to the data signal line driver
circuit 310. The drive/pause control circuit 21 generates and
provides an active amp enable signal AE to the data signal line
driver circuit 310, thereby causing an analog amplifier (not
shown) provided in the data signal line driver circuit 310 to
operate during both the overshoot drive period and the data
voltage writing period for pause drive. As a result, the data
signal line driver circuit 310 applies the overshoot voltage and
the data voltage sequentially to the data signal lines SL.
During the pause period, an inactive amp enable signal AE is
generated and provided to the data signal line driver circuit
310, so that the analog amplifier is paused. More specifically,
in the case where the drive/pause control circuit 21 is pro-
vided with a dot clock selection signal SEL,_DCLK which
indicates that the image data DV has not yet been updated, the
drive/pause control circuit 21 generates an amp enable signal
AE which instructs to perform screen refresh by increasing
the clock rate for the overshoot drive period and the data
voltage writing period, and outputs the amp enable signal AE
to the data signal line driver circuit 310 in order to perform
pause drive. In this manner, the drive/pause control circuit 21
sets the overshoot drive period and the data voltage writing
period to be shorter than a normal frame period.
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[0119] On the other hand, in the case where the drive/pause
control circuit 21 is provided with a dot clock selection signal
SEL_DCLK which indicates that the image data DV has
already been updated, the drive/pause control circuit 21 gen-
erates an amp enable signal AE which instructs to set only the
data voltage writing period and further to perform screen
refresh at a normal clock rate, and outputs the amp enable
signal AE to the data signal line driver circuit 310. As a result,
the liquid crystal display device 100 1is driven by normal drive.
In this manner, the drive/pause control circuit 21 is capable of
outputting the amp enable signal AE for pause drive or normal
drive to the data signal line driver circuit 310 in accordance
with the input image data.

[0120] On the basis of the dot clock output signal DCLK_
OUT and the data signal line driver circuit control signal Ssc
provided by the timing generator 23, the polarity control
circuit 22 generates a polarity control signal PC to invert the
polarity of the image signal DS, and supplies the signal to the
data signal line driver circuit 310. The data signal line driver
circuit 310 sets the polarities of the overshoot voltage and the
data voltage, which are to be applied to the data signal lines
SL, to be positive or negative in accordance with the polarity
control signal PC.

[0121] The scanning signal line driver circuit 320 sequen-
tially selects and drives the scanning signal lines GL in accor-
dance with the scanning signal line driver circuit control
signal Sgc. In accordance with the data signal line driver
circuit control signal Ssc, the dot clock output signal DCLK _
OUT, the polarity control signal PC, and the amp enable
signal AE, the data signal line driver circuit 310 converts the
image signal DS outputted by the grayscale control portion
400 to a data voltage, which is an analog signal, and applies
the data voltage to each data signal line SL. Moreover, the
correction image signal DCS is converted to an overshoot
voltage, and the overshoot voltage is applied to the data signal
line SL. The overshoot voltage and the data voltage applied to
the data signal lines SL are sequentially written to the pixel
forming portions 10 connected to the scanning signal lines
GL that have been selected by applying the active scanning
signal. The period in which the data signal line driver circuit
310 can apply the data voltage or the overshoot voltage to the
data signal lines SL as described above is only the period in
which the data signal line driver circuit 310 is receiving an
active amp enable signal AE from the drive/pause control
circuit 21, and the polarities of the data voltage and the over-
shoot voltage to be applied to the data signal lines SL are
determined by the polarity control signal PC.

[0122] Note that the data signal line driver circuit 310 may
apply a ground potential to each data signal line SL during the
pause period. This sets each data signal line at a fixed poten-
tial, so that an erroneous operation due to noise can be pre-
vented. Alternatively, the operation of the data signal line
driver circuit 310 may be stopped, thereby setting the data
signal lines SL at a floating potential. This renders it possible
to reduce power consumption in the data signal line driver
circuit 310.

[0123] <2.3 Configuration of the Grayscale Control Por-
tion>
[0124] The grayscale control portion 400 outputs a correc-

tion image signal DCS, which is obtained by performing a
correction to emphasize a change on the image data DV
transmitted by the host, or an image signal DS without cor-
rection, to the data signal line driver circuit 310. The configu-
ration of such a grayscale control portion 400 will be
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described. As shown in FIG. 7, the grayscale control portion
400 includes the frame memory 31, a comparator circuit 32,
an LUT 33, and an adder circuit 34. The frame memory 31 is
capable of storing image data DV transmitted by the host, for
one frame.

[0125] The comparator circuit 32 obtains a grayscale value
(a current-frame grayscale value) for the image data DV and
a grayscale value for the image signal DS stored in the frame
memory 31 for an immediately preceding frame period (a
previous-frame grayscale value), and provides the grayscale
values to the LUT 33. As will be described later, the LUT 33
has a plurality of correction values stored therein correspond-
ing to previous-frame grayscale values and current-frame
grayscale values. When the LUT 33 as above is provided with
a previous-frame grayscale value and a current-frame gray-
scale value from the comparator circuit 32, the LUT 33 reads
and provides a correction value that corresponds to the values
to the adder circuit 34.

[0126] Furthermore, the comparator circuit 32 obtains a
current-frame grayscale value based on current-frame image
data DV and a previous-frame grayscale value based on pre-
vious-frame image data DV stored in the frame memory 31,
and compares the grayscale values. When the grayscale val-
ues are determined to be equal, the comparator circuit 32
considers the image to not have been updated, and notifies the
display control portion 200 to perform pause drive. To this
end, the comparator circuit 32 generates a dot clock selection
signal SEL,_DCLK which indicates that the second dot clock
signal DCLK_B, which increases the clock rate of the drive
period, should be selected, and provides the generated signal
to the drive/pause control circuit 21 and the selector 26 in the
display control portion 200.

[0127] Furthermore, in the case where the grayscale values
are not determined to be equal, the comparator circuit 32
considers the image to have been updated, and notifies the
display control portion 200 to perform normal drive. To this
end, the comparator circuit 32 generates a dot clock selection
signal SEL_DCLK which indicates that the first dot clock
signal DCLK_A should be selected, and provides the gener-
ated signal to the drive/pause control circuit 21 and the selec-
tor 26 in the display control portion 200.

[0128] The adder circuit 34 is connected to the frame
memory 31 and the LUT 33, and is supplied with image data
DV stored in the frame memory 31. In the case where over-
shoot drive is performed, the adder circuit 34 generates a
correction image signal DCS by adding a correction value
provided by the LUT 33 to a current-frame grayscale value
provided by the frame memory 31, and outputs the signal to
the data signal line driver circuit 310. The data signal line
driver circuit 310 performs D/A conversion on the correction
image signal DCS to obtain an overshoot voltage, and applies
the voltage to the data signal lines SL. Moreover, in the case
where a data voltage is applied to the data signal lines SL, the
image data DV stored in the frame memory 31 is supplied to
the adder circuit 34 directly from the frame memory 31. The
adder circuit 34 outputs the image data DV provided by the
frame memory 31 to the data signal line driver circuit 310 as
an image signal DS.

[0129] As described earlier, the dot clock output signal
DCLK_OUT outputted by the timing generator 23 is supplied
not only to circuits such as the data signal line driver circuit
310but also to the frame memory 31. Accordingly, in the case
where pause drive is performed, the image data DV stored in
the frame memory 31 is supplied to the comparator circuit 32
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and the adder circuit 34 at a high clock rate, so that the
duration of each of the overshoot period and the data voltage
writing period can be shortened.

[0130] FIG. 9 is a diagram illustrating an example of the
configuration of the LUT 33 used in the liquid crystal display
device 100 according to the present embodiment. As shown in
FIG. 9, the LUT 33 has correction values for emphasizing a
temporal change of image data DV stored therein correspond-
ing to combinations of previous-frame grayscale values and
current-frame grayscale values. For example, in the case
where the previous-frame grayscale value is 32, and the cur-
rent-frame grayscale value is 160, their corresponding cor-
rection value in the LUT 70 is 6. Accordingly, the adder
circuit 34 adds the correction value to the image data DV,
thereby generating a correction image signal DCS. Note that
in the case where the previous-frame grayscale value and the
current-frame grayscale value are not listed in the LUT 33, a
correction value stored in the LUT 33 forthe closest grayscale
values is used to obtain a correction value through interpola-
tion.

[0131] <2.4 Drive Method>

[0132] From theresults ofthe first and second basic studies,
it can be appreciated that the occurrence of flicker due to
flexoelectric polarization can be suppressed by writing an
image signal DS that corresponds to a target grayscale value
to the pixel forming portions 10 after performing overshoot
drive such that the “positive effective area” and the “negative
effective area” are approximately equal in size.

[0133] FIG. 10 is a timing chart illustrating a method for
driving the liquid crystal display device 100 according to the
present embodiment. In a first drive period, as in the case
shown in FIG. 4, the liquid crystal display device 100 writes
a positive overshoot voltage during a first frame period and a
positive data voltage during a second frame period. Thereat-
ter, to maintain the positive data voltage written during the
second frame period, (N+1) pause frame periods are inserted
to set a pause period.

[0134] Inasecond drive period, a negative overshoot volt-
age is written during a first frame period, and a negative data
voltage is written during a second frame period. Thereafter, to
maintain the negative data voltage written during the second
frame period, (N+1) pause frame periods are inserted to set a
pause period. Similarly, in each subsequent odd drive period,
a positive overshoot voltage is written during a first frame
period, and a positive data voltage is written during a second
frame period. The second frame period is followed by a pause
period to continue to maintain the positive data voltage writ-
ten during the second frame period. Moreover, in each sub-
sequent even drive period, a negative overshoot voltage is
written during afirst frame period, and a negative data voltage
is written during a second frame period. The second frame
period is followed by a pause period to continue to maintain
the negative data voltage written during the second frame
period.

[0135] In this case, unlike in the case shown in FIG. 4, the
duration of each of the first and second frame periods of each
drive period is set shorter than a normal frame period, e.g., a
half of the normal frame period (referred to below as a “2
frame period”), and the duration of the following pause frame
period is set to be the same as the normal frame period.
[0136] FIG. 11 is a diagram illustrating luminance changes
within a pixel forming portion 10 when the polarity of a data
voltage changes from positive to negative in the drive method
of the present embodiment. The overshoot period is setata ¥4
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frame period, as shown in FIG. 10. In this manner, immedi-
ately before a data voltage corresponding to an image signal
DS is written in the pixel forming portion 10, an overshoot
voltage corresponding to a grayscale value higher than the
grayscale value of the image signal DS is written, so that
luminance can be inhibited from dropping significantly,
immediately after the polarity of the data voltage is inverted.
Moreover, the period of writing the overshoot voltage is set
shorter than a normal frame period, so that the first frame
period transitions to the next, i.e., second, frame period with-
out an excessive rise in luminance.

[0137] FIG. 12 is a diagram describing the occurrence of
flicker being suppressed where drive is performed by the
drive method shown in FIG. 10. As shown in FIG. 12, over-
shoot drive is performed during the first frame period, so that
luminance is inhibited from abruptly dropping immediately
after a polarity change. Moreover, unlike in the case shown in
FIG. 6, the size of the “positive effective area” is reduced to
approximately the same size as the “negative effective area”,
so that the occurrence of flicker due to flexoelectric polariza-
tion 1s suppressed.

[0138] Addressed next is about an appropriate duration of
the first frame period. In the drive method of the present
embodiment, the duration of the first frame period of each
drive period in which overshoot drive is performed is set to be
a half of a normal frame period, which is 16.7 milliseconds,
ie., a 1A frame period. Moreover, the duration of a pause
frame period is set to be 16.7 milliseconds, which is the
duration of the normal frame period. Accordingly, the pause
period shown in FIG. 10 lasts for (N+1) frame periods, and
therefore is longer by one frame than the pause period shown
in FIG. 4, which lasts for N frame periods.

[0139] Furthermore, the duration of the second frame
period in each drive period is preferably a %2 frame period,
that is, the same as the duration of the first frame period.
Accordingly, for any pixel forming portions 10 within one
screen, it is possible to render constant the time taken from the
writing of an overshoot voltage to the writing of a data volt-
age, i.e., the time taken from the start to the end of the writing
of the overshoot voltage. As a result, the size of the “positive
effective area” is the same among the pixel forming portions
10, so that uneven flicker distribution can be inhibited. How-
ever, in the case where it is not necessary to inhibit uneven
flicker distribution within one screen, the duration of the
second frame period may be set to be different from the
duration of the first frame period.

[0140] Discussed next is the duration of the first frame
period. If the duration of the first frame period is set to be
greater than or equal to a normal frame period, the overshoot
voltage to be written to each pixel forming portion becomes
excessively high. As a result, the size of the “positive effective
area” becomes considerably larger than the size of the “nega-
tive effective area”, so that flicker due to flexoelectric polar-
ization becomes more likely to occur. Therefore, it is neces-
sary to set the duration of the overshoot drive period less than
one frame period.

[0141] Furthermore, if the duration of the first frame period
is excessively short, the TFT 11 of each pixel forming portion
10 is turned off before a sufficient overshoot voltage is written
in the pixel forming portion 10. As a result, the absolute value
of the overshoot voltage that is to be written in the pixel
forming portion 10 becomes low. Accordingly, the size of the
“positive effective area” becomes smaller than the size of the
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“negative effective area”, so that flicker due to flexoelectric
polarization becomes more likely to occur.

[0142] Therefore, the inventors conducted a series of stud-
ies on the above issues, and found that the period of applying
an overshoot voltage is set preferably to be greater than or
equal to a ¥4 frame period for the following reasons. Specifi-
cally, it was found that in the case of a display with a vertical
resolution of 2048, to write 99% of the value of the voltage
applied to the data signal line SL to the pixel forming portion
10, the charging time (i.e., the duration of one horizontal
period) is required to be at least 2.0 microseconds. Therefore,
the time required for writing an overshoot voltage to the pixel
forming portions 10 for one screen can be obtained by the
following equation (1).

2.0 (microseconds)x2048/100=4.2 (milliseconds) o)

The value 4.2 milliseconds obtained by equation (1) is about
a quarter of the duration of a normal frame period, i.e., 16.7
milliseconds. From the above, it was found that in the present
embodiment, to inhibit the occurrence of flicker due to flexo-
electric polarization, the duration of a frame period in which
to apply an overshoot voltage is required to be at least a %
frame period.

[0143] From the above results, it was found that in the
present invention, the duration of each of the first and second
frame periods in each drive period is required to be less than
one frame period but greater than or equal to a ¥4 frame
period.

[0144] <2.5 Effects>

[0145] In the present embodiment, overshoot drive is per-
formed during the first frame period of each drive period. In
this overshoot drive, the duration of the first frame period in
which the overshoot voltage is applied is set to be a period
greater than or equal to a quarter of a normal frame period but
less than a normal frame period. Thus, the “positive effective
area” and the “negative effective area” are approximately
equalized in size, so that the occurrence of flicker due to
flexoelectric polarization can be suppressed.

[0146] Furthermore, in the case where overshoot drive is
performed during the first frame period, and the data voltage
is written in the pixel forming portion 10 during the next, i.e.,
second, frame period, the duration of the second frame period
is preferably set to be the same as the duration of the first
frame period. This renders it possible to suppress the occur-
rence of flicker due to flexoelectric polarization uniformly
among the pixel forming portions 10.

[0147] <2.6 First Variant>

[0148] Inthe above embodiment, when the previous-frame
grayscale value and the current-frame grayscale value are not
equal, normal drive is performed. However, there might be a
case where the previous-frame grayscale value and the cur-
rent-frame grayscale value are not equal when pause drive is
being performed. FIG. 13 is a timing chart illustrating a
method for driving the liquid crystal display device according
to a first variant of the present embodiment.

[0149] As in the case shown in FIG. 10, the previous-frame
grayscale value and the current-frame grayscale value are
equal during the first drive period. Accordingly, first and
second frame periods are set such that each frame period has
aduration of a /2 frame period, a positive overshoot voltage is
written during the first frame period, and a positive data
voltage is written during the second frame period. Thereafter,
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to maintain the positive data voltage written during the sec-
ond frame period, (N+1) pause frame periods are inserted to
set a pause period.

[0150] However, during the second drive period, the previ-
ous-frame grayscale value and the current-frame grayscale
value are different. Accordingly, to perform normal drive, a
third frame period (third F-period), which has the same dura-
tion as a normal frame period, is set, and a negative data
voltage is written during the third frame period.

[0151] During the third drive period, as in the case of the
first drive period, the previous-frame grayscale value and the
current-frame grayscale value are equal, and therefore, pause
drive is performed again as in the first drive period. Thereaf-
ter, the following will be repeated: when the previous-frame
grayscale value and the current-frame grayscale value are
equal, pause drive is performed, and when the previous-frame
grayscale value and the current-frame grayscale value are
different, normal drive is performed. Thus, in the case of the
pause drive described in the present variant, the “positive
effective area” and the “negative effective area” are approxi-
mately equalized in size, so that the occurrence of flicker due
to flexoelectric polarization can be suppressed.

[0152] <2.7 Second Variant>

[0153] In the above embodiment, before screen refresh is
performed using a data voltage corresponding to image data,
overshoot drive is performed by applying an overshoot volt-
age higher than the data voltage. However, in some cases,
instead of performing overshoot drive, it might be preferable
to perform undershoot drive by applying an undershoot volt-
age lower than the data voltage. In the case of such undershoot
drive also, the “positive effective area” and the “negative
effective area” are approximately equalized in size, and to this
end, an undershoot period is set to be shorter than a normal
frame period. This renders it possible to suppress the occut-
rence of flicker due to flexoelectric polarization uniformly
among the pixel forming portions 10. In this case, when
undershoot drive is performed, the adder circuit 34 generates
a correction image signal DCS by subtracting a correction
value provided by the LUT 33 from a current-frame grayscale
value provided by the frame memory 31.

[0154] Note that the process of generating a correction
image signal DCS by adding/subtracting the correction value
provided by the LUT 33 to/from the current-frame grayscale
value provided by the frame memory 31 will also be referred
to as a “grayscale correction process”, and the overshoot
voltage and the undershoot voltage will also be referred to as
“grayscale correction voltages”.

3. Second Embodiment

[0155] Ifthe ambient temperature around the liquid crystal
display device 100 changes, there occur changes not only in
alignment deformation caused by dielectric anisotropy but
also in alignment deformation caused by flexoelectric polar-
ization. For example, if overshoot drive is performed at low
temperature using an LUT storing correction values that have
been set at normal temperature, the response speed of liquid
crystals is slow at low temperature, and is not increased
sufficiently. As a result, it becomes difficult to make adjust-
ments within a period shorter than one frame period, such that
the size of the “positive effective area” and the size of the
“negative effective area” become approximately the same. On
the other hand, if overshoot drive is performed at high tem-
perature under the same conditions as at normal temperature,
image luminance becomes excessively high because the
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response speed of liquid crystals is fast at high temperature,
so that the size of the “positive effective area” becomes exces-
sively large. In this manner, regardless of whether the ambient
temperature is high or low, the “positive effective area” and
the “negative effective area” do not balance each other in
terms of size, and therefore, flicker due to flexoelectric polar-
ization becomes more likely to occur. Therefore, the liquid
crystal display device 100 to be used in a wide range of
temperatures preferably has a plurality of LUTs for different
temperature ranges so that optimum overshoot drive can be
performed by adding an optimum correction value in accor-
dance with the temperature.

[0156] <3.1 Configuration of the Liquid Crystal Display
Device>
[0157] FIG. 14 is a block diagram illustrating the configu-

ration of the liquid crystal display device 100 according to the
present embodiment, and FIG. 15 is a block diagram illus-
trating the configuration of a display control portion 200
included in the liquid crystal display device 100 shown in
FIG. 14. In the liquid crystal display device 100 shown in
FIGS. 14 and 15, unlike in the liquid crystal display device
100 shown in FIG. 7, the display control portion 200 is pro-
vided with a temperature sensor 27, and the grayscale control
portion 400 has three LUTs 354 to 35¢ provided for different
temperature ranges. Note that the components shown in
FIGS. 14 and 15 that are the same as those shown in FIGS. 7
and 8 are denoted by the same reference characters, any
descriptions thereof will be omitted, and different compo-
nents will be described mainly.

[0158] FIG. 16 is a diagram showing an example of the
LUT 35a for normal temperature used in the liquid crystal
display device 100, FIG. 17 is a diagram showing an example
ofthe LUT 356 for high temperature, and FIG. 18 is adiagram
showing an example of the LUT 35¢ for low temperature. As
can be appreciated from FIGS. 16 to 18, correction values are
set so as to be lower in the order: the LUT 35¢ for low
temperature; the LUT 354 for normal temperature; the LUT
355 for high temperature. By using the LUTSs 35a to 35¢, the
overshoot voltage is set higher for low temperature at which
the response speed of liquid crystals is slow, than for normal
temperature, and also lower for high temperature than for
normal temperature.

[0159] The LUTSs 35a to 35¢ provided for their respective
temperature ranges are also referred to as subtables. More-
over, the number of LUTs provided for their respective tem-
perature ranges is not limited to three, and may be provided in
a larger or smaller number in accordance with the purpose of
use of the liquid crystal display device.

[0160] In this manner, the LUTs to be used are changed in
accordance with the temperature at which the liquid crystal
display device 100 is used, and therefore, it is necessary to
provide the temperature sensor 27 in order to obtain tempera-
ture information Tp about the environment in which the liquid
crystal display device 100 is used. In the present embodiment,
the temperature sensor 27 is provided in the display control
portion 200, and one of the LUTs 354 to 35¢ is selected on the
basis of the temperature information Tp from the temperature
sensor 27.

[0161] Furthermore, although the temperature sensor 27
has been described as being provided in the display control
portion 200, the temperature sensor 27 may be provided on
the display portion 500 independently of the display control
portion 200. In this case, the display control portion 200
acquires temperature information Tp from the temperature
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sensor 27 via serial communication, and selects one of the
LUTs 35a to 35¢ in accordance with the temperature infor-
mation Tp. Note that in the case where the temperature sensor
27 is provided on the insulating substrate, and transmits the
temperature information Tp to the display control portion 200
via serial communication, the temperature sensor 27 can be
provided in an arbitrary position on the insulating substrate.
Moreover, in the case where the temperature sensor 27 is
provided in the display control portion 200, the circuit con-
figuration of the display control portion 200 does not become
complex. This renders it possible to reduce production cost of
the liquid crystal display device 100.

[0162] <3.2 Effects>

[0163] In the present embodiment, overshoot drive is per-
formed by selecting one of the LUTs 354 to 35¢ in accordance
with temperature information Tp measured by the tempera-
ture sensor 27 in the environment in which the liquid crystal
display device 100 is used, and therefore, the “positive effec-
tive area” and the “negative effective area” can be approxi-
mately equalized in size regardless of the temperature of the
use environment. In this manner, the occurrence of flicker due
to flexoelectric polarization can be suppressed even in the
liquid crystal display device 100 to be used in a wide tem-
perature range.

4. Others

[0164] Each of the above embodiments has been described
with respect to the liquid crystal display device 100 driven in
the transverse electric field mode, but the present invention
can also be applied to liquid crystal display devices driven in
the vertical electric field mode.

[0165] Furthermore, the inversion drive for the liquid crys-
tal display device according to each of the above embodi-
ments can be applied to any of the following alternating-
voltage drive modes: dot-by-dot inversion drive, line-by-line
inversion drive, column-by-column inversion drive, and
frame-by-frame inversion drive, and can achieve effects simi-
lar to those achieved by the embodiments.

INDUSTRIAL APPLICABILITY

[0166] The present invention is applied to liquid crystal
display devices in which alternating-voltage drive is per-
formed, particularly to a liquid crystal display device in
which drive in a transverse electric field mode or pause drive
is performed.

DESCRIPTION OF THE REFERENCE

CHARACTERS
[0167] 10 pixel forming portion
[0168] 11 thin-film transistor (TET)
[0169] 11a channel layer (semiconductor layer)
[0170] 12 pixel electrode
[0171] 125 opening (slit)
[0172] 13 common electrode
[0173] 16 insulating film
[0174] 18 alignment film
[0175] 21 drive/pause control circuit
[0176] 22 polarity control circuit
[0177] 23 timing generator
[0178] 24 drive frequency control circuit
[0179] 25 PLL circuit
[0180] 26 selector
[0181] 27 temperature sensor
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[0182] 31 frame memory

[0183] 32 comparator circuit

[0184] 33, 35 look-up table (LUT)

[0185] 35alook-up table (subtable) for normal tempera-
ture

[0186] 3551look-up table (subtable) for high temperature

[0187] 35¢ look-up table (subtable) for low temperature

[0188] 34 adder circuit

[0189] 40 grayscale control portion

[0190] 50 adder circuit

[0191] 100 liquid crystal display device

[0192] 200 display control portion

[0193] 310 data signal line driver circuit

[0194] 320 source signal line driver circuit

[0195] 400 grayscale control portion

[0196] 500 display portion

[0197] Cp pixel capacitor

[0198] GL scanning signal line

[0199] SL data signal line

[0200] CS common line

[0201] DV image data (input image data)

[0202] DS image signal

[0203] DCS correction image signal

[0204] P1 first area

[0205] P2 second area

[0206] Tp temperature information

1: A liquid crystal display device performing alternating-

voltage drive, comprising:

a plurality of scanning signal lines formed on an insulating
substrate;

aplurality of data signal lines crossing each of the scanning
signal lines;

a plurality of pixel forming portions formed at respective
intersections of the scanning signal lines and the data
signal lines;

a grayscale control portion configured to output either a
correction image signal or an image signal, the correc-
tion image signal being obtained by subjecting input
image data to a grayscale correction process for correct-
ing a temporal signal change, the image signal being the
input image data that is not subjected to the grayscale
correction process;

a scanning signal line driver circuit configured to sequen-
tially select and scan the scanning signal lines;

a data signal line driver circuit configured to apply either a
data voltage or a grayscale correction voltage to the data
signal lines, the data voltage being generated in accor-
dance with the image signal and corresponding to a
target grayscale value, the grayscale correction voltage
being generated by correcting the data voltage in accor-
dance with the correction image signal; and

adisplay control portion configured to control the scanning
signal line driver circuit and the data signal line driver
circuit, wherein,

the display control portion writes the grayscale correction
voltage to the pixel forming portions during a first frame
period, as well as the data voltage having the same
polarity as the grayscale correction voltage during a
second frame period, thereby performing control such
that screen refresh is performed, and

the first frame period has a duration greater than or equal to
a quarter of a frame period at a refresh rate of 60 Hz but
less than the frame period.
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2: The liquid crystal display device according to claim 1,
wherein the second frame period has the same duration as the
first frame period.

3: The liquid crystal display device according to claim 1,
wherein the display control portion sets a pause period upon
completion of the writing of the data voltage to the pixel
forming portions during the second frame period, whereby
the writing of the data voltage to the pixel forming portions is
paused.

4: The liquid crystal display device according to claim 1,
wherein,

the grayscale control portion includes:

frame memory having stored the input image data for
each frame;

a table having correction values stored corresponding to
previous-frame grayscale values and current-frame
grayscale values for the input image data;

a comparator circuit configured to obtain a current-
frame grayscale value for the input image data and a
previous-frame grayscale value for the input image
data stored in the frame memory, and output the
obtained values to the table; and

an adder circuit configured to output either the correc-
tion image signal or the image signal to the data signal
line driver circuit in accordance with the input image
data,

the table has the correction values stored corresponding to

combinations of the current-frame grayscale values and
the previous-frame grayscale values for the input image
data, and outputs a corresponding correction value from
among the combinations to the adder circuit when the
comparator circuit provides the table with a current-
frame grayscale value and a previous-frame grayscale
value for the input image data, and

the adder circuit outputs the correction image signal after

correcting the grayscale value for the input image data

with the correction value provided by the table, or out-
puts the image signal without correcting the grayscale
value for the input image data.

5: The liquid crystal display device according to claim 4,
wherein the display control portion includes a drive fre-
quency control circuit configured to, upon acquisition of
update information from the comparator circuit indicating
that the input image data has not yet been updated, adjust the
duration of the first frame period to be less than the duration
of the frame period on the basis of the update information.

6: The liquid crystal display device according to claim 5,
wherein,

the update information includes first update information

and second update information, the first update informa-

tion indicating that the input image data has not yet been
updated. the second update information indicating that
the input image data has been updated, and

the display control portion further includes a drive/pause

control circuit configured to generate a drive/pause con-
trol signal to switch between a drive period and a pause
period when the first update information is provided by
the comparator circuit or only set a data voltage writing
period in which the data voltage is written when the
second update information is provided, the drive period
consisting of a grayscale correction period in which the
grayscale correction voltage is written and the data volt-
age writing period.
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7: The liquid crystal display device according to claim 4,
further comprising a temperature sensor configured to mea-
sure an ambient temperature around the liquid crystal display
device, wherein,

the table includes a plurality of subtables having stored

different correction values for predetermined tempera-
ture ranges, and

the table selects from among the subtables one that corre-

sponds to temperature information provided by the tem-
perature sensor in accordance with the temperature
information.

8: The liquid crystal display device according to claim 1,
wherein the pixel forming portion includes a thin-film tran-
sistor being connected at a control terminal to the scanning
signal line, at a first conductive terminal to the data signal line,
and at a second conductive terminal to a pixel electrode to
which the data voltage or the grayscale correction voltage is
to be applied, the thin-film transistor having a channel layer
formed with an oxide semiconductor.

9: The liquid crystal display device according to claim 8,
wherein the oxide semiconductor includes indium, gallium,
zinc, and oxygen.

10: The liquid crystal display device according to claim 3,
wherein the data signal line driver circuit applies a ground
potential to the data signal line during the pause period.

11: The liquid crystal display device according to claim 3,
wherein the data signal line driver circuit sets the data signal
line at a floating potential during the pause period.

12: The liquid crystal display device according to claim 1,
wherein the insulating substrate has a common electrode and
a pixel electrode formed thereon such that one electrode is
superimposed over the other electrode with an insulating film
positioned therebetween, the overlying electrode having a
plurality of openings provided therein.

13: The liquid crystal display device according to claim 1,
wherein alternating-voltage drive is performed in a dot-by-
dot inversion drive mode, a line-by-line inversion drive mode,
a column-by-column inversion drive mode, or a frame-by-
frame inversion drive mode.

14: A method for driving a liquid crystal display device
configured to display an image represented by input image
data on a display portion, comprising;

a grayscale correction voltage application step for applying

a grayscale correction voltage to a liquid crystal layer by
writing the grayscale correction voltage to a pixel form-
ing portion during a time period having a duration
greater than or equal to a quarter of a frame period at a
refresh rate of 60 Hz but less than the frame period, the
grayscale correction voltage being obtained by perform-
ing a grayscale correction process on a data voltage
corresponding to a target grayscale value for the input
image data; and

adatavoltage application step for applying the data voltage

to the liquid crystal layer by writing the data voltage to
the pixel forming portion without subjecting the data
voltage to the grayscale correction process.

15: The method for driving a liquid crystal display device
according to claim 14, wherein in the data voltage application
step, the data voltage is applied for a time period having the
same duration as the period in which the grayscale correction
voltage is applied in the grayscale correction voltage appli-
cation step.
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