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DESCRIPTION

LIQUID CRYSTAL DISPLAY DEVICE AND METHOD FOR DRIVING SAME

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal
display devices and methods for driving the same, particularly
to a liquid crystal display device capable of performing pause
drive in an alternating-voltage drive mode and a method for

driving the same.

BACKGROUND ART

[0002] Recent years have seen active development of compact
and lightweight electronic devices. Liquid crystal display
devices mounted in such electronic devices are required to
consume less power. A drive method to reduce power consumption
by the liquid crystal display device is a drive method called
"pause drive" with drive periods in which scanning lines are
scanned to write signal voltages and pause periods in which the
writing is paused by keeping all of the scanning lines in
unscanned state. In the pause drive, a scanning line driver
circuit and/or a data signal line driver circuit are/is provided
with no control signals and suchlike during the pause period,
so that the operation of the scanning line driver circuit and/or
the data signal line driver circuit can be stopped, thereby
reducing power consumption by the liquid crystal display
device. The pause drive as described above is also referred
to as "low-frequency drive" or "intermittent drive".

[0003] When a voltage is applied to a liquid crystal layer

sandwiched between a pixel electrode and a common electrode in
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a liquid crystal panel for use in the liquid crystal display
device, the orientation direction (i.e., the longitudinal
direction) of liquid crystal molecules changes because of
dielectric anisotropy of the liquid crystal. Moreover, liquid
crystals have optical anisotropy, and therefore, when the
orientation direction of the liquid crystal molecules changes,
the direction of polarization of light tobe transmitted through
the 1liquid crystal layer changes. Accordingly, with the
voltage applied to the liquid crystal layer, it is possible to
control the amount of 1light to be transmitted through the 1iquid
crystal layer and display an image on the liquid crystal panel.
[0004] However, it takes a certain period of time for the
liquid crystal to respond to a change in the applied voltage.
For example, in the case of a widely used TN (Twisted Nematic),
IPS (In-Plane Switching), or VA (Vertically Aligned) liquid
crystal display device, it might take a time period of about
50 ms until the liquid crystal responds. In addition, the
response speed of the 1liquid crystal changes in accordance with
the temperature, and the response speed decreases as the
temperature lowers.

[0005] Furthermore, when the frequency of an image signal
is 60 Hz, one frame period is 16.7 ms. Accordingly, if the
response period of the liquid crystal becomes longer than one
frame period, image lag might occur on the screen, resulting
in reduced image display quality.

[0006] Therefore, to solve the above problems, 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 normally applied voltage. In the overshoot drive, a
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look-up table (referred to 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 previous
and current frames. More specifically, a correction wvalue
correlated with a combination of grayscale values for the
previous and current frames is read from the LUT and used to
correct an input image signal, so that the corrected image
signal is outputted. By performing overshoot drive using such
a corrected image signal, it is rendered possible to increase

the display speed of the liquid crystal display device.

PRIOR ART DOCUMENT

Patent Document

[0007] Patent Document 1: Japanese Laid-Open Patent
Publication No. 2004-4629

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] In the liquid crystal display device, if voltages of
the same polarity continue to be applied to the liquid crystal
layer, burn-in might occur on the 1liquid crystal layer,
resulting in deterioration of the 1liquid crystal layer.
Therefore, to prevent burn-in on the liquid crystal layer,
alternating-voltage drive in which the polarity of signal
voltages is inverted upon each writing is performed. FIG. 34
is a diagram describing a conventional method for performing
pause drive in an alternating-voltage drive mode. As shown in
FIG. 34, in a first pause drive period, initially, signal
voltages of the positive polarity are written, and the signal

voltages are maintained during the following pause period. 1In
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a second pause drive period, initially, signal voltages of the
negative polarity are written, and the signal voltages are
maintained during the following pause period. Thereafter,
similar operations are repeated such that signal voltages are
written with their polarities inverted alternatingly every
pause drive period, and maintained during their respective
following pause periods.

[0009] FIG. 35 1is a diagram schematically illustrating
luminance changes where input image signals that correspond to
the grayscale values "64", "128", "200", and "240" are written
in pixel forming portions by conventional pause drive in an
alternating-voltage drivemode. In thecaseofaliquidcrystal
display device capable of providing display with 256 grayscale
values from 0 (display in black) to 255 (display in white), when
the input image signal corresponds to the grayscale value "64",
the luminance sharply drops immediately after signal voltages
are written in the pixel forming portions, and slowly returns
to its original level, as shown in FIG. 35. 1In the case of the
grayscale wvalue "128", similarly, the Iluminance drops
immediately after signal voltages are written in the pixel
forming portions, and slowly returns to its original level.
However, the luminance drop immediately after the writing of
the signal voltages in the pixel forming portions is less than
in the case of the grayscale value "64". Moreover, in the case
of the grayscale value "200", the luminance does not change when
signal voltages are written in the pixel forming portions. On
the other hand, in the case of the grayscale value "240", the
luminance rises immediately after signal voltages are written
in the pixel forming portions, and slowly drops thereafter.

[0010] FIG. 36 is a diagram describing luminance changes
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where an input image signal with the grayscale value "64" 1is
written by conventional pause drive in an alternating-voltage
drive mode, and FIG. 37 is a diagram describing luminance
changes where an input image signal with the grayscale value
"240" is written Dby conventional ©pause drive in an
alternating-voltage drive mode. First, the reason why the
luminance sharply drops immediately after an input image signal
with the grayscale value "64" is written, and thereafter slowly
returns to its original level will be described with reference
to FIG. 36. In FIG. 36, pixel forming portion A and pixel
forming portion B are pixel forming portions that are adjacent
to each other and differ in polarity because of inversion drive.
In a certain drive period, pixel forming portion A has the
positive polarity, whereas pixel forming portion B has the
negative polarity. Their polarities are inverted in the next
drive period, so that pixel forming portion A has the negative
polarity, whereas pixel forming portion B has the positive
polarity. By inverting thepolarityof asignal voltage applied
to pixel forming portion A from positive to negative, the
luminance of pixel forming portion A drops sharply to a constant
value. On the other hand, by inverting the polarity of a signal
voltage applied to pixel forming portion B from negative to
positive, the luminance of pixel forming portion B rises slowly
and approaches a constant value. In this case, the viewer
recognizes the combined luminance change of pixel forming
portions A and B as the luminance of the entire screen, and
therefore, visually recognizes the luminance of the entire
screen as sharply dropping upon polarity inversion and
thereafter slowly returning to its original level.

[0011] While the foregoing has been given with respect to
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the case of the input image signal with the grayscale value "64",
the same applies to the case of the input image signal with the
grayscale value "128". However, in the case of the grayscale
value "128", the luminance drop upon polarity inversion is less
than in the case of the grayscale value "64".

[0012] Next, the case where an input image signal with the
grayscale value "240" is written will be described. The reason
why the luminance sharply rises immediately after an input image
signal with the grayscale value "240" is written, and drops
slowly thereafter will be described with reference to FIG. 37.
As in the case shown in FIG. 36, pixel forming portion A and
pixel forming portion B are pixel forming portions that are
adjacent to each other and differ in polarity because of
inversion drive. In a certain drive period, pixel forming
portion A has the positive polarity, whereas pixel forming
portion B has the negative polarity. Their polarities are
inverted in the next drive period, so that pixel forming portion
A has the negative polarity, whereas pixel forming portion B
has the positive polarity. 1If a signal voltage of the negative
polarity is applied to pixel forming portion A at the time of
polarity inversion, the luminance of pixel forming portion A
slowly drops and approaches a constant value. On the other
hand, if a signal voltage of the negative polarity is applied
to pixel forming portion B, the luminance of pixel forming
portion B sharply rises to a constant value. 1In this case, the
viewer recognizes the combined luminance change of pixel
forming portions A and B as the luminance of the entire screen,
and therefore, visually recognizes the luminance of the entire
screen as sharply rising upon polarity inversion and slowly

dropping thereafter.
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[0013] Such a screen luminance change is a phenomenon which
occurs when the polarity of the signal voltages is inverted,
because the orientation direction of liquid crystal molecules
cannot follow such a polarity change. When a video 1is
displayed, such a luminance change can barely be recognized by
the viewer because the image changes fast. However, during
pause drive, the viewer recognizes such a luminance change as
flicker, so there is a problem with reduced image display
quality. Flicker occurs even when the grayscale value of the
input image signal is constant.

[0014] Note that the reason why the luminance during the
pause period rises gradually as the voltages which have fallen
at the time of polarity inversion approach the signal voltages
over time is because thin-film transistors (referred to below
as "TFTs") whose channel layers are made of an oxide
semiconductor are used as switching elements in the pixel
forming portions. Details of the TFTs whose channel layers are
made of an oxide semiconductor will be described later.
[0015] Japanese Laid-Open Patent Publication No. 2004-4629
discloses overshoot drive for normal drive. However, Japanese
Laid-Open Patent Publication No. 2004-4629 neither discloses
nor suggests overshoot drive capable of preventing flicker from
occurring at the time of pause drive in an alternating-voltage
drive mode.

[0016] Therefore, an objective of the present invention is
to provide a 1liquid crystal display device capable of
suppressing a decrease in display quality when pause drive is
performed in an alternating-voltage drive mode, as well as a

method for driving the same.
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MEANS FOR SOLVING THE PROBLEMS

[0017] According to a first aspect of the present invention,
there is provided a liquid crystal display device formed on an
insulating substrate and performing pause drive in an
alternating-voltage drive mode, the device including:

a plurality of scanning signal lines;

a plurality of data signal lines crossing each of the
scanning signal lines;

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

a correction circuit for outputting either a
corrected image signal obtained by subjecting an input image
signal to a tone emphasizing process for emphasizing a temporal
change in the signal or an image signal being the input image
signal not subjected to the tone emphasizing process;

a scanning signal line driver circuit for
sequentially selecting and scanning the scanning signal lines;

a data signal line driver circuit for writing signal
voltages to the data signal lines in accordance with the image
signal, as well as at least one of first and second correction
voltages in accordance with the corrected image signal, the
first correction voltage having a higher absolute value than
the signal voltage, the second correction voltage having a lower
absolute value than the signal voltage; and

a timing control circuit for controlling the scanning
signal line driver circuit and the data signal line driver
circuit, wherein,

the pause drive alternatingly repeats a drive period
consisting of a plurality of drive frames and a pause period

following the drive period and lasting until the start of the
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next drive period,

the correction circuit outputs the corrected image
signal to the data signal line driver circuit at least during
the first drive frame of the drive period and also outputs the
image signal to the data signal line driver circuit during the
last drive frame, and

the data signal line driver circuit writes the first
or second correction voltage at least once to the data signal
line, and further, writes a signal voltage having the same
polarity as thewritten first or second correction voltage, once
to the data signal line.
[0018] According to a second aspect of the present invention,
in the first aspect of the present invention, wherein,

the correction circuit includes:

frame memory for storing the input image signal
every frame;

a table having stored correction wvalues
correlated with grayscale values at least for a current frame
for the input image signal; and

an adder circuit for outputting either the
corrected image signal or the image signal to the data signal
line driver circuit in accordance with the input image signal,

the table provides the adder circuit with a
correction value correlated with the grayscale value for the
current frame for the input image signal every time the adder
circuit is provided with the grayscale value for the current
frame, and

the adder circuit outputs the corrected image signal
by correcting the grayscale value for the input image signal

with the correction value provided by the table and also outputs
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the image signal without correcting the grayscale value for the
input image signal.
[0019] According to a third aspect of the present invention,
in the second aspect of the present invention, wherein,
the correction circuit further includes a
comparator circuit for obtaining a grayscale value for a current
frame for the input image signal and a grayscale value for a
previous frame stored in the frame memory and outputting the
obtained wvalues to the table, and
the table has stored therein correction values

correlated with combinations of grayscale wvalues for the
current and previous frames for the input image signal, and
outputs a correction value for a corresponding one of the
combinations to the adder circuit when grayscale values for the
current and previous frames for the input image signal are
provided by the comparator circuit.
[0020] According to a fourth aspect of the present invention,
in the third aspect of the present invention, wherein the adder
circuit outputs the corrected image signal in each of two or
more consecutive drive frames including the first drive frame,
and outputs the image signal during the last drive frame.
[0021] According to a fifth aspect of the present invention,
in the third aspect of the present invention, wherein,

the comparator circuit further obtains an inverting
direction in which the input image signal is inverted in
polarity for each of the drive periods, and

the table includes first and second tables having
different correction values stored for corresponding polarity
directions, such that every time grayscale values for the

current and previous frames for the input image signal and a
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polarity direction are provided by the comparator circuit, the
adder circuit is provided with a correction value correlated
with the grayscale values for the current and previous frames
from one of the first and second tables that corresponds to the
polarity direction.
[0022] According to a sixth aspect of the present invention,
in the first aspect of the present invention, wherein,
the correction circuit includes:
frame memory for storing the input image signal
every frame;
a comparator circuit for obtaining a grayscale
value for a current frame for the input image signal and a
grayscale value for a previous frame stored in the frame memory;
a table having correction values stored for
essentially equal grayscale values for the current and previous
frames for the input image signal; and
an adder circuit for outputting either the
corrected image signal or the image signal to the data signal
line driver circuit in accordance with the input image signal,
the comparator circuit provides the table with
grayscale values for the current and previous frames for the
input image signal when the grayscale values for the current
and previous frames for the input image signal are essentially
equal,
the table outputs to the adder circuit a correction
value correlated with the grayscale values for the current and
previous frames provided by the comparator circuit,
when the grayscale wvalues for the current and
previous frames for the input image signal are essentially

equal, the adder circuit outputs the corrected image signal by
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correcting the grayscale value for the input image signal with
the correction value provided by the table and also outputs the
image signal without correcting the grayscale value for the
input image signal, and

when the grayscale wvalues for the current and
previous frames for the input image signal are essentially not
equal, the adder circuit outputs the corrected image signal at
least once without correcting the grayscale value for the input
image signal.
[0023] According to a seventh aspect of the present invention,
in the sixth aspect of the present invention, wherein, when the
grayscale values for the current and previous frames for the
input image signal are essentially not equal, the adder circuit
further outputs the corrected image signal without correcting
the grayscale value for the input image signal.
[0024] According to an eighth aspect of the present invention,
in the second or sixth aspect of the present invention, further
comprising a temperature sensor for measuring an ambient
temperature around the liquid crystal display device, wherein,

the table includes a plurality of sub-tables having
stored different correction values for ©predetermined
temperature ranges, such that one of the sub-tables is selected
in accordance with temperature information provided by the
temperature sensor.
[0025] According to a ninth aspect of the present invention,
in the second or sixth aspect of the present invention, further
comprising a temperature sensor for measuring an ambient
temperature around the liquid crystal display device, wherein,

the correction circuit further includes nonvolatile

memory for storing a plurality of data items for different
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correction values for predetermined temperature ranges, and
the nonvolatile memory selects one of the data items
in accordance with temperature information provided by the
temperature sensor and provides the selected data item to the
table.
[0027] According to an eleventh aspect of the present invention,
in the eighth or ninth aspect of the present invention, wherein
the temperature sensor is provided in the timing control
circuit.
[0028] According to a twelfth aspect of the present invention,
in the first aspect of the present invention, wherein the pixel
forming portion includes a thin-film transistor having a
control terminal connected to the scanning signal line, a first
conductive terminal connected to the data signal line, a second
conductive terminal connected to a pixel electrode to which the
first correction voltage, the second correction voltage, or the
signal voltage is to be applied, and a channel layer formed of
an oxide semiconductor.
[0029] According to a thirteenth aspect of the present
invention, in the twelfth aspect of the present invention,
wherein the oxide semiconductor is InGaZnOx mainly composed of
indium (In), gallium (Ga), zinc (Zn), and oxygen (O).
[0030] According to a fourteenth aspect of the present
invention, in the first aspect of the present invention,
wherein the pixel forming portion includes a thin-film
transistor having a control terminal connected to the scanning
signal line, a first conductive terminal connected to the data
signal line, a second conductive terminal connected to a pixel
electrode to which the first correction voltage, the second

correction voltage, or the signal voltage is to be applied, and
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a channel layer formed of either an amorphous semiconductor or
a polycrystalline semiconductor.
[0031] According to a fifteenth aspect of the present invention,
in any of the first through fourteenth aspect of the present
invention, wherein the liquid crystal display device is driven
by dot-by-dot inversion drive, line-by-line inversion drive,
column-by-column inversion drive, or frame-by-frame inversion
drive in the alternating-voltage drive mode.
[0032] According to a sixteenth aspect of the present invention,
there is provided a method for driving a liquid crystal display
device performing pause drive in an alternating-voltage drive
mode and including a plurality of scanning signal lines, a
plurality of data signal lines crossing each of the scanning
signal lines, pixel forming portions formed at intersections
of the scanning signal lines and the data signal lines, a
correction circuit for outputting either a corrected image
signal obtained by subjecting an input image signal to a tone
emphasizing process for emphasizing a temporal change in the
signal or an image signal being the input image signal not
subjected to the tone emphasizing process, a scanning signal
line driver circuit for sequentially selecting and scanning the
scanning signal lines, and a data signal line driver circuit
for writing to the data signal lines correction voltages in
accordance with the corrected image signal or signal voltages
in accordance with the image signal, the method including the
steps of:

outputting the corrected image signal obtained by
subjecting the input image signal to the tone emphasizing
process for emphasizing the temporal change in the signal to

the data signal line driver circuit at least during the first
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drive frame in a drive period;

outputting the image signal being the input image
signal not subjected to the tone emphasizing process to the data
signal line driver circuit during the last drive frame in the
drive period;

writing at least one of first and second correction
voltages at least once to the data signal line in accordance
with the corrected image signal subjected to an emphasizing
correction process, wherein the first correction voltage has
a higher absolute value than the signal voltage, and the second
correction voltage has a lower absolute value than the signal
voltage; and

writing a signal voltage having the same polarity as
the first or second correction voltage, once to the data signal
line immediately after the writing of the first or second

correction voltage.

EFFECT OF THE INVENTION

[0033] In the first aspect of the present invention, the
first correction voltage, which has a higher absolute value than
the signal voltage, or the second correction voltage, which has
a lower absolute value than the signal voltage, is written at
least once to the data signal line, and further, the signal
voltage, which has the same polarity as the written first or
second correction voltage, is written once to the data signal
line. Accordingly, 1t 1is rendered possible to suppress a
luminance change of an image to be displayed, for all grayscale
values, regardless of the grayscale value for the input image
signal. Thus, image display quality can be improved to such

an extent that the viewer barely recognizes flicker.
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[0034] The second aspect of the present invention eliminates
the need to determine whether the grayscale values for the
previous and current frames are the same, and hence eliminates
the need for the comparator circuit. In addition, since no
comparator circuit is provided, the table is only required to
store correction values correlated with grayscale values for
the current frame, and therefore, can be reduced in memory
capacity. Thus, even in the case where a liquid crystal display
device produced at low cost is used, it is possible to suppress
a luminance change of an image to be displayed, for all grayscale
values, regardless of the grayscale value for the input image
signal.

[0035] In the third aspect of the present invention, when
the tone emphasizing process is performed, the adder circuit
provided in the correction circuit outputs a corrected image
signal, which is obtained by correcting the grayscale value for
the input image signal with a correction value provided by the
table, and thereafter, the adder circuit outputs the input image
signal without correcting the grayscale value. As a result,
a luminance change at the time of writing the signal voltages
is suppressed significantly, for all grayscale values for the
input image signal, so that the viewer barely recognizes
flicker.

[0036] In the fourth aspect of the present invention, the
adder circuit outputs the corrected image signal in each of two
or more consecutive drive frames, including the first drive
frame. As a result, the liquid crystal display device performs
the tone emphasizing process at least twice in succession during
the drive period of each pause drive period. Thus, even in the

case where the liquid crystal has a slow response speed, liquid
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crystal molecules can be reliably oriented in the direction of
an applied voltage.

[0037] In the fifth aspect of the present invention, the
table includes the first table for storing correction values
for one direction of an applied voltage and the second table
for storing correction values for the other direction of the
applied voltage. As a result, even if the response speed of
the liquid crystal varies depending on the direction of a
voltage applied to the liquid crystal layer, a suitable one of
the first and second tables is selected so that a decrease in
luminance due to the direction of the applied voltage at the
time of writing can be kept down to approximately the same level.
Thus, the viewer barely recognizes flicker.

[0038] In the sixth aspect of the present invention, since
flicker is recognizable in the case where the same image
continues to be displayed, the adder circuit outputs the
corrected image signal, which is obtained by correcting the
grayscale value for the input image signal with the correction
value provided by the table, only when the grayscale values for
the current and previous frames for the input image signal are
essentially equal. Accordingly, the tone emphasizing process
is performed only when images with essentially the same
grayscale value are displayed successively, and thereafter,
normal drive is performed. As a result, the viewer Dbarely
recognizes flicker. Moreover, the memory capacity of the table
can be reduced, resulting in reduced cost for the liquid crystal
display device. 1In addition, in the case where the liquid
crystal has a high response speed, and the grayscale values for
the previous and current frames are different, only the first

drive frame may be set so as to be followed by a pause period
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rather than by the second drive frame. Setting no second drive
frame reduces power consumption by the liquid crystal display
device.

[0039] In the seventh aspect of the present invention, when
the grayscale values for the current and previous frames for
the input image signal are essentially not equal, the corrected
image signal continues to be outputted without correcting the
grayscale value for the input image signal. Thus, even in the
case where the liquid crystal has a low response speed, liquid
crystal molecules can be reliably oriented in the direction of
an applied voltage.

[0040] In the eighth aspect of the present invention, the
temperature sensor and the sub-tables for storing different
correction values for temperatures are provided, and one of the
sub-tables is selected depending on the ambient temperature
around the liquid crystal display device to perform the tone
emphasizing process. Thus, in liquid crystal display devices
for use in a wide range of temperatures also, the decrease in
luminance at the time of writing the signal voltages can be
suppressed so that the viewer barely recognizes flicker.
[0041] The ninth aspect of the present invention includes
the nonvolatile memory for storing data items for different
correction values for predetermined temperature ranges, and the
nonvolatile memory provides the table with one of the data items
that is selected in accordance with temperature information.
As a result, in the case where the liquid crystal display device
is used in a wide range of temperatures, the nonvolatile memory
has prestored correction values to be stored in a plurality of
tables, and transfers data for correction values for a

temperature range corresponding to temperature information
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provided by the temperature sensor. Thus, the number of tables
can be reduced, resulting in reduced production cost for the
liquid crystal display device.

[0042] In the tenth aspect of the present invention, the
temperature sensor is provided on the insulating substrate, and
provides the temperature information to the timing control
circuit via serial communication, and the temperature sensor
can be provided in an arbitrary position on the insulating
substrate.

[0043] In the eleventh aspect of the present invention, the
temperature sensor is provided in the timing control circuit,
and therefore, the circuit configuration of the timing control
circuit does not become complex. Thus, the production cost for
the ligquid crystal display device can be reduced.

[0044] In the twelfth aspect of the present invention, the
thin-film transistor used in the pixel forming portion is a
thin-film transistor with a channel layer formed of an oxide
semiconductor. The thin-film transistor offers very low
off-leakage current, and therefore, the voltage written in the
pixel forming portion can be maintained for a long period of
time. Thus, multitone display can be providedeven during pause
drive.

[0045] In the thirteenth aspect of the present invention,
InGaZnOx is used as the oxide semiconductor of which the channel
layer is formed, so that similar effects to those achieved by
the twelfth aspect of the present invention can be reliably
achieved.

[0046] In the fourteenth aspect of the present invention,
the thin-film transistor used in the pixel forming portion is

a thin-film transistor with a channel layer formed of an
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amorphous semiconductor or a polycrystalline semiconductor.
Thus, a liquid crystal display device which can be produced at
low cost 1is allowed to display an 1image, such as a
black-and-white 1image, which can be displayed with two
luminance values.

[0047] The fifteenth aspect of the present invention allows
the liquid crystal display device according to any of the first
through fourteenth aspects of the invention to be driven by
dot-by dot inversion drive, line-by-line inversion drive,
column-by-column inversion drive, or frame-by-frame inversion
drive, so that the decrease in luminance due to the writing of
the signal voltages can be suppressed significantly. Thus,
image display quality can be improved to such an extent that

the viewer barely recognizes flicker.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1 1is a block diagram illustrating the
configuration of a liquid crystal display device according to
a first embodiment of the present invention.

FIG. 2 1is a diagram showing an example of the
configuration of an LUT used in the liquid crystal display
device shown in FIG. 1.

FIG. 3 is a diagram illustrating equivalent circuits
of pixel forming portions included in the liquid crystal display
device shown in FIG. 1.

FIG. 4 is a diagram showing temporal changes in a
signal voltage written in liquid crystal capacitance where
IGZO-TFTs are used as switching elements of the pixel forming
portions in the liquid crystal display device shown in FIG. 1.

FIG. 5 1s a diagram describing pause drive,
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incorporating overshoot drive, in the liquid crystal display
device shown in FIG. 1.

FIG. 6 1s a diagram describing pause drive,
incorporating undershoot drive, in the liquid crystal display
device shown in FIG. 1.

FIG. 7 is a diagram describing pause drive in the
liquid crystal display device shown in FIG. 1 where grayscale
values for previous and current frames might differ.

FIG. 8 1s a diagram schematically illustrating
luminance changes where pause drive is performed in the liquid
crystal display device shown in FIG. 1.

FIG. 9 is a diagram describing pause drive in a first
variant of the first embodiment where overshoot drive 1is
performed twice.

FIG. 10 is a diagram describing pause drive in the
first variant of the first embodiment where undershoot drive
is performed twice.

FIG. 11 1is a diagram describing pause drive,
incorporating overshoot drive, in the first variant of the first
embodiment where voltage values decrease gradually.

FIG. 12 1is a diagram describing pause drive,
incorporating undershoot drive, in the first variant of the
first embodiment where voltage values increase gradually.

FIG. 13 is a diagram showing temporal changes in a
signal voltage written in liquid crystal capacitance where
a-TFTs are used as switching elements of pixel forming portions
included in a liquid crystal display device according to a
second variant of the first embodiment.

FIG. 14 is a diagram showing the relationship between

signal voltage and luminance where the a-TFTs are used as the
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switching elements of the pixel forming portions included in
the liquid crystal display device according to the second
variant of the first embodiment.

FIG. 15 is a diagram schematically illustrating
luminance changes where the a-TFTs are used as the switching
elements of the pixel forming portions according to the second
variant of the first embodiment.

FIG. 16 1is a block diagram illustrating the
configuration of a liquid crystal display device according to
a second embodiment of the present invention.

FIG. 17 is a diagram showing an example of the
configuration of an LUT used in the liquid crystal display
device shown in FIG. 16.

FIG. 18 is a diagram describing pause drive,
incorporating overshoot drive, in the liquid crystal display
device shown in FIG. 16 where grayscale values for previous and
current frames are the same.

FIG. 19 is a diagram describing pause drive in the
liquid crystal display device shown in FIG. 16 where the
grayscale values for the previous and current frames are
different.

FIG. 20 is a block diagram of a liquid crystal display
device according to a first variant of the liquid crystal
display device shown in FIG. 16.

FIG. 21 is a diagram showing an example of the
configuration of an LUT used in the liquid crystal display
device according to the first variant shown in FIG. 20.

FIG. 22 1s a diagram describing pause drive,
incorporating overshoot drive, in the liquid crystal display

device shown in FIG. 20 where grayscale values for previous and
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current frames are the same.

FIG. 23 1s a diagram describing pause drive,
incorporating undershoot drive, in the liquid crystal display
device shown in FIG. 20 where the grayscale values for the
previous and current frames are the same.

FIG. 24 is a diagram describing pause drive in the
liquid crystal display device shown in FIG. 20 where the
grayscale values for the previous and current frames are
different.

FIG. 25 1s a diagram describing pause drive,
incorporating overshoot drive, in a second variant of the liquid
crystal display device shown in FIG. 16 where grayscale values
for previous and current frames are the same.

FIG. 26 1is a diagram describing pause drive,
incorporating overshoot drive, in the second variant of the
liquid crystal display device shown in FIG. 16 where the
grayscale values for the previous and current frames are the
same.

FIG. 27 is ablock diagramof a liquid crystal display
device according to a third embodiment of the present invention.

FIG. 28 1s a diagram showing an LUT for room
temperature for use in the liquid crystal display device shown
in FIG. 27.

FIG. 29 1is a diagram showing an LUT for high
temperature for use in the liquid crystal display device shown
in FIG. 27.

FIG. 30 is adiagram showing an LUT for low temperature
for use in the liquid crystal display device shown in FIG. 27.

FIG. 31 1is a block diagram illustrating the

configuration of a liquid crystal display device according to
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a first variant of the third embodiment.

FIG. 32 1is a Dblock diagram illustrating the
configuration of a liquid crystal display device equivalent to
the liquid crystal display device according to the third
embodiment without a comparator circuit.

FIG. 33 1is a block diagram illustrating the
configuration of a liquid crystal display device equivalent to
the liquid crystal display device according to the first variant
of the third embodiment without a comparator circuit.

FIG. 34 is a diagram describing a conventional method
for performing pause drive in an alternating-voltage drive
mode.

FIG. 35 is a diagram schematically illustrating
luminance changes where input image signals that correspond to
the grayscale values "64", "128", "200", and "240" are written
in pixel forming portions by conventional pause drive in an
alternating-voltage drive mode.

FIG. 36 is a diagram describing luminance changes
where an input image signal with the grayscale value "64" is
written by conventional pause drive in an alternating-voltage
drive mode.

FIG. 37 is a diagram describing luminance changes
where an input image signal with the grayscale value "240" is
written by conventional pause drive in an alternating-voltage

drive mode.

MODES FOR CARRYING OUT THE INVENTION
[0049] <l. First Embodiment>
<1.1 Configuration of the Liquid Crystal Display

Device>
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FIG. 1 is a Dblock diagram illustrating the
configuration of a 1liquid crystal display device 100 according
to a first embodiment of the present invention. The liquid
crystal display device 100 shown in FIG. 1 includes a liquid
crystal panel 10, a scanning signal line driver circuit 20, a
data signal line driver circuit 25, a timing control circuit
30, and a correction circuit 40.

[0050] The liquid crystal panel 10 has a plurality of pixel
forming portions (not shown) arranged in a matrix of rows and
columns. Moreover, the liquid crystal panel 10 has a plurality
of scanning signal lines (not shown) and a plurality of data
signal lines (not shown) formed crossing each other. Each
scanning signal line is connected to pixel forming portions
arranged in the same row, whereas each data signal line is
connected to pixel forming portions arranged in the same column.
[0051] A horizontal synchronization signal and a vertical
synchronization signal are inputted to the timing control
circuit 30 as synchronization signals for an input image signal.
On the basis of the synchronization signals, the timing control
circuit 30 generates and outputs control signals, such as a gate
clock signal and a gate start pulse signal, to the scanning
signal line driver circuit 20, and also generates and outputs
control signals, such as a source clock signal and a source start
pulse signal, to the data signal line driver circuit 25.

[0052] Furthermore, the timing control circuit 30 includes
a pause drive control circuit 31. The pause drive control
circuit 31 outputs an amplifier enable signal to the data signal
line driver circuit 25 in synchronization with the generated
control signals. As will be described in detail later, the

ligquid crystal display device 100 sets a drive period in which
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overshoot wvoltages (also referred to as "first correction
voltages™), undershoot voltages (also referred to as "second
correction voltages"), or signal voltages are written to drive
the liquid crystal panel 10, as well as a pause period in which
the writing of the voltages is paused. In the drive period,
the pause drive control circuit 31 activates the amplifier
enable signal, thereby causing an analog amplifier (not shown)
provided in the data signal line driver circuit 25 to operate.
As a result, the overshoot voltages, the undershoot voltages,
or the signal voltages can be written to the data signal lines.
In the pause period, the amplifier enable signal is deactivated,
thereby pausing the analogamplifier. In thismanner, the pause
drive control circuit 31 can set the drive period and the pause
period arbitrarily.

[0053] The scanning signal line driver circuit 20 drives the
scanning signal lines of the liquid crystal panel 10 in
accordance with the control signals generated by the timing
control circuit 30, thereby sequentially selecting the scanning
signal lines. The data signal line driver circuit 25 converts
a corrected image signal outputted by the correction circuit
40 1into signal voltages, which are analog voltages, in
accordance with the control signals generated by the timing
control circuit 30, and writes the signal voltages to the data
signal lines. Moreover, overshoot or undershoot voltages,
which are generated in a manner to be described later, are
written to the data signal lines. 1In addition, the voltages
written to the data signal lines are in turn written to pixel
forming portions connected to scanning signal lines that have
been selected by applying active scanning signals thereto.

Note that the data signal line driver circuit 25 writes the
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signal voltages, the overshoot voltages, or the undershoot
voltages to the data signal lines only when the data signal line
driver circuit 25 is receiving an active amplifier enable signal
from the pause drive control circuit 31.

[0054] The data signal line driver circuit 25 will be
described herein as performing dot-by-dot inversion drive to
display an image on the liquid crystal panel 10, and therefore,
the polarity of signal voltages corresponding to a corrected
image signal are controlled in the following manner.
Specifically, signal voltages, which are simultaneously
applied to the data signal lines, are inverted in polarity every
adjacent data signal line and every adjacent scanning signal
line. Accordingly, any pixel forming portion having a signal
voltage of the positive polarity written therein is surrounded
by pixel forming portions having signal voltages of the negative
polarity written therein, whereas any pixel forming portion
having a signal voltage of the negative polaritywritten therein
is surrounded by pixel forming portions having signal voltages
of the positive polarity written therein.

[0055] The correction circuit 40 outputs a corrected image
signal, which is obtained by subjecting an input image signal
to a correction for emphasizing a change in the signal, to the
data signal line driver circuit 25. The correction circuit 40
includes an adder circuit 50, frame memory 60, a comparator
circuit 80, and an LUT 70. The frame memory 60 stores an
externally provided input image signal for one frame. The
comparator circuit 80 obtains a grayscale value for the
externally provided input image signal (i.e., a grayscale value
for the current frame) and a grayscale value stored in the frame

memory 60 for the input image signal in the immediately previous
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frame period (i.e., a grayscale value for the previous frame),
and provides the results to the LUT 70. The LUT 70 has a
plurality of correction values stored therein and correlated
with grayscale values for the previous and current frames, as
will be described later. When the LUT 70 is provided with
grayscale values for the previous and current frames from the
comparator circuit 80, the LUT 70 provides a correction value
corresponding thereto to the adder circuit 50. Note that the
LUT will also be referred to herein as a "table". Moreover,
in some cases herein, a signal obtained by the adder circuit
50 adding/subtracting a correction value to/from an input image
signal might be referred to as a corrected image signal, and
a signal not having been corrected with a correction value might
be referred to as an image signal.

[0056] The adder circuit 50 is connected to the frame memory
60, so as to be provided with the input image signal stored in
the frame memory 60. When overshoot or undershoot voltages are
written, the frame memory 60 provides the input image signal
to the adder circuit 50 immediately after the signal is stored
in the frame memory 60. To write overshoot voltages, the adder
circuit 50 generates a corrected image signal by adding a
correction value provided by the LUT 70 to the grayscale value
for the current frame, and outputs the generated signal to the
data signal line driver circuit 25. To write undershoot
voltages, the adder circuit 50 generates a corrected image
signal by subtracting a correction value from the grayscale
value for the current frame, and outputs the generated signal
to the data signal line driver circuit 25.

[0057] Next, the input image signal stored in the frame

memory 60 is provided to the adder circuit 50 again. The input
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image signal 1s the same input image signal as that used for
generating the corrected image signal. The adder circuit 50
outputs the grayscale value for the current frame to the data
signal line driver circuit 25 as an image signal without
correction.

[0058] FIG. 2 1is a diagram showing an example of the
configuration of the LUT 70 for use in the liquid crystal display
device 100. The LUT 70 has stored therein correction values
for emphasizing temporal changes in input image signals, such
that the correction values are correlated with combinations of
grayscale values for the previous and current frames, as shown
in FIG. 2. For example, in the case where the grayscale value
for the previous frame is 32, and the grayscale value for the
current frame is 160, their corresponding correction value is
6 in the LUT 70. When the LUT 70 provides this correction value
to the adder circuit 50, the adder circuit 50 generates a
corrected image signal with the grayscale value "166" by adding
the correction value "6" to the grayscale value "160" for an
input image signal provided by the frame memory 60 (i.e., the
grayscale value for the current frame), and outputs the
generated signal to the data signal line driver circuit 25. The
data signal line driver circuit 25 obtains overshoot voltages
corresponding to the corrected image signal, and writes them
to the data signal lines SL. In this manner, overshoot drive
is performed.

[0059] Furthermore, the LUT 70 also has negative correction
values stored therein. More specifically, they are for the
grayscale values "224" and "255" for both of the previous and
current frames. For example, in the case where both the

grayscale value for the previous frame and the grayscale value
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for the current frame are 224, their corresponding correction
value is -2 in the LUT 70. The LUT 70 provides the correction
value to the adder circuit 50, so that the adder circuit 50
generates a corrected image signal with the grayscale value
"222" by subtracting 2 from the grayscale value "224" for the
input image signal provided by the frame memory 60 (i.e., the
grayscale value for the current frame), and outputs the
generated signal to the data signal line driver circuit 25. The
data signal line driver circuit 25 obtains undershoot voltages
corresponding to the corrected image signal, and writes the
obtained voltages to the data signal lines SL. In this manner,
undershoot drive is performed. Moreover, in the case where both
the grayscale value for the previous frame and the grayscale
value for the current frame are 192, their corresponding
correction value is 0, and therefore, neither overshoot nor
undershoot is performed.

[0060] In this manner, when the correction value stored in
the LUT 70 is positive, overshoot drive is performed, and when
the value is negative, undershoot drive is performed. Whenboth
the grayscale values for the previous and current frames are
low, the screen luminance drops every pause drive period, and
thereafter gradually returns to its original level, as shown
in FIG. 35. When both the grayscale values for the previous
and current frames are high, the screen luminance rises every
pause drive period, and gradually drops thereafter.
Accordingly, to cancel out such luminance changes, the LUT 70
has high positive values stored as correction values for low
grayscale values for the previous and current frames, as well
as negative or low positive values as correction values for high

grayscale values for the previous and current frames.
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[0061] Note that the ligquid crystal display device 100 is
assumed herein to be a display device adapted for display with
256 grayscale values, and therefore, the LUT 70 1is
correspondingly assumed to have grayscale values in the
grayscale range from 0 to 255 stored therein. However, the
number of grayscale values for the liquid crystal display device
to which the present invention can be applied is not limited
to 256, and may be greater or less than 256. 1In such a case,
the number of correction values to be stored in the LUT also
increases or decreases 1n accordance with the number of
grayscale values for the liquid crystal display device.

[0062] Furthermore, to save memory capacity, the LUT 70
shown in FIG. 2 lists the grayscale values for the previous and
current frames approximately at intervals of 32 grayscale
levels. The method for obtaining correction wvalues that
correspond to grayscale values for the previous and current
frames but are not stored in the LUT 70 using the LUT 70 will
thus be described. The simplest approach is to process not only
the grayscale values stored in the LUT 70 but also any grayscale
values in the range of approximately 16 with respect to the
stored values, considering these values to be stored in the LUT
70 as well. For example, any grayscale value in the range of
from 177 (= 192 - 16 + 1) to 208 (= 192 + 16) 1is processed as
the grayscale value "192". Also, any grayscale value in the
range of from 209 (=224 - 16+ 1) to 240 (=224 +16) is processed
as the grayscale value "224". More specifically, when the
grayscale value for the previous frame is 200, and the grayscale
value for the current frame is 220, the correction value is 5,
which corresponds to the grayscale value "192" for the previous

frame and also the grayscale value "224" for the current frame.
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In addition, when a more accurate correction value is desired
to be obtained, linear interpolation may be used. Note that
linear interpolation is a well-known interpolation method, and
therefore, any detailed description thereof will be omitted.
[0063] <1.2 Configuration of the Pixel Forming Portion>
FIG. 3 is a diagram illustrating equivalent circuits
of pixel forming portions 15 included in the liquid crystal
display device 100. As shown in FIG. 3, each pixel forming
portion 15 includes a TFT 16 having a gate terminal, which serves
as a control terminal, connected to a scanning signal line GL
passing through a corresponding intersection, and a source
terminal, which serves as a first conductive terminal,
connected to a data signal 1line SL passing through the
intersection, apixel electrode 17 connected to a drain terminal
of the TFT 16, which serves as a second conductive terminal,
a common electrode 18 provided commonly for the pixel forming
portions 15, and a liquid crystal layer (not shown) provided
commonly for the pixel forming portions 15 between the pixel
electrode 17 and the common electrode 18. Liquid crystal
capacitance Ccl is formed by the pixel electrode 17 and the
common electrode 18 and serves as pixel capacitance. A voltage
applied to the common electrode 18 is generated by a common
voltage generating circuit (not shown). Note that it is often
the case that auxiliary capacitance is provided parallel to the
liquid crystal capacitance Ccl in order to reliably maintain
the voltage in the pixel capacitance, but the pixel capacitance
will be described herein as being formed solely by the liquid
crystal capacitance Ccl.
[0064] The TFT 16 shown in FIG. 3 functions as a switching

element, which is turned on to write a signal voltage in the



10

15

20

25

30

33

liquid crystal capacitance Ccl or turned off to maintain the
signal voltage in the liquid crystal capacitance Ccl. For
example, a TFT with an oxide semiconductor used in a channel
layer (referred to below as an "oxide TFT") is used as a TFT
16. More specifically, the channel layer of the TFT 16 is formed
of InGaznOx, which is mainly composed of indium (In), gallium
(Ga), zinc (Zn), and oxygen (O). 1In the following, such a TFT
with InGaZnOx used in a channel layer will be referred to as
an "IGZO-TFT".

[0065] FIG. 4 is a diagram showing temporal changes in a
signal voltage written in the liquid crystal capacitance Ccl
where IGZO-TFTs 16 are used as the switching elements of the
pixel forming portions 15 in the liquid crystal display device
100. As shown in FIG. 4, a signal voltage of the positive
polarity (e.g., +t7V) 1is written, and the written voltage is
maintained for a predetermined period of time. Next, a signal
voltage of the negative polarity (e.g., -7V) is written, and
the written voltage is maintained for a predetermined period
of time. Even after these operations are repeated, the signal
voltage written in the liquid crystal capacitance Ccl barely
changes. Accordingly, it can be appreciated that the IGZO-TFT
16 offers extremely low off-leakage current, and the signal
voltage written in the liquid crystal capacitance Ccl is
maintained for a long period of time. 1In this manner, by using
the IGZO-TFT 16 as the switching element of the pixel forming
portion 15, it is rendered possible to perform multi-tone
display even during pause drive.

[0066] Note that similar effects can be achieved even in the
case where an oxide semiconductor, other than InGazZnOx, which

includes, for example, at least one of the following: indium;
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gallium; zinc; copper (Cu); silicon (Si); tin (Sn); aluminum
(Al); calcium (Ca); germanium (Ge); and lead (Pb), is used in
a channel layer.
[0067] <1.3 Operation during Pause Drive>

FIG. 5 1s a diagram describing pause drive,
incorporating overshoot drive, in the liquid crystal display
device 100, and FIG. 6 is a diagram describing pause drive,
incorporating undershoot drive, in the liquid crystal display
device 100. The liquid crystal display device 100 repeats the
drive period and the pause period alternatingly, thereby
driving the liquid crystal panel 10. 1In the drive period, the
pause drive control circuit 31 outputs an active amplifier
enable signal to the data signal line driver circuit 25, and
overshoot voltages and signal voltages are written to the data
signal lines SL. In the pause period, the pause drive control
circuit 31 outputs an inactive amplifier enable signal to the
data signal 1line driver circuit 25, thereby stopping the
operation of the data signal line driver circuit 25 and/or the
scanning signal line driver circuit 20.
[0068] Note that within each drive period shown in FIGS. 5
and 6, a period in which overshoot voltages are written will
be referred to herein as a first drive period, and a period in
which signal voltages are written will be referred to herein
as a second drive period. Moreover, frames for these drive
periods are referred to as first and second drive frames,
respectively, and a frame for the pause period will be referred
to as apause frame. Inaddition, withineach drive period shown
in FIG. 6, a period in which undershoot voltages are written
will be referred to herein as a third drive period, and a period

in which signal voltages are written will be referred to herein
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as a fourth drive period. Moreover, frames for these drive
periods are referred to as third and fourth drive frames,
respectively, and a frame for the pause period will be referred
to as a pause frame. The overshoot voltage, the undershoot
voltage, and the signal voltage might be referred to simply as
voltages when they are not distinguished.

[0069] As shown in FIGS. 5 and 6, the drive period and the
pause period are set so as to alternate with each other, and
one drive period and an immediately succeeding pause period are
collectively referred to as a pause drive period. The polarity
of signal voltages written to the data signal lines SL is
inverted every pause drive period. Accordingly, the polarity
of the voltages is positive during odd pause drive periods and
negative during even pause drive periods. Moreover, the
grayscale value for the input image signal is constant during
each pause drive period. This is because it is taken into
consideration that the images displayed on the liquid crystal
panel 10 by pause drive are mostly still images. Note that the
present embodiment is not limited to still images, and any
images suitable for pause drive may be displayed. In such a
case, the grayscale value for the input image signal is not
necessarily constant during each pause drive period.

[0070] Furthermore, in FIGS. 5 and 6, two, upper and lower,
long-dashed short-dashed lines drawn parallel to the time axis
are lines (boundary lines) that indicate the boundaries between
overshoot drive and undershoot drive; undershoot drive 1is
performed in the case where the grayscale values for the
previous and current frames are equal and have the absolute
value that corresponds to an applied voltage above the upper

boundary line or below the lower boundary line, and overshoot
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drive 1s performed in all other cases. In the present
embodiment, the long-dashed short-dashed lines represent
applied voltages that correspond to the grayscale value "224"
in the LUT 70 for both the previous and current frames. The
grayscale value "224" in such a case might be referred to as
the "boundary value".

[0071] In FIG. 5, the first and second drive frames are set
consecutively within a drive period of the first pause drive
period. In the first drive frame, the comparator circuit 80
obtains a grayscale value for an externally provided input image
signal (i.e., a grayscale value for the current frame) and a
grayscale value stored in the frame memory 60 for an input image
signal provided during the immediately previous frame period
(i.e., agrayscale value for the previous period), and provides
the results to the LUT 70. The LUT 70 outputs a correction
value, which is correlated with the combination of the grayscale
values for the previous and current frames, to the adder circuit
50. In this case, the absolute value of the grayscale wvalue
for the current frame is less than the boundary value, and
therefore, the correction value outputted by the LUT 70 1is
positive. The adder circuit 50 adds the correction value
provided by the LUT 70 to the grayscale value for the current
frame provided by the frame memory 60, thereby generating a
corrected image signal, and outputs the generated signal to the
data signal line driver circuit 25. The corrected image signal
is converted to overshoot voltages, which are higher than a
voltage corresponding to the input image signal by the
correction value (denoted by "OS1" in FIG. 5), and the overshoot
voltages are written to the data signal lines SL. The polarity

of the overshoot voltages is positive. As a result, overshoot
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drive is performed during the first pause drive period.
[0072] In the second drive frame, the frame memory 60 has
stored therein the same input image signal as that used in the
first drive frame. The frame memory 60 provides the input image
signal stored therein to the adder circuit 50. The adder
circuit 50 outputs the provided input image signal to the data
signal line driver circuit 25 as an image signal without
addition of a correction value. The image signal is written
to the data signal lines SL after conversion to analog signal
voltages, which are voltages corresponding to the input image
signal. Such drive as above is referred to herein as "normal
drive". The polarity of the signal voltages is also positive.
As a result, an image desired to be displayed during the first
pause drive period is displayed on the liquid crystal panel 10.
[0073] In this manner, during the first drive frame,
overshoot drive is performed using a correction value provided
by the LUT 70, and during the immediately succeeding second
drive frame, normal drive is performed so that signal voltages
of the positive polarity are written to the data signal lines
SL. Thereafter, a pause period in which an image corresponding
to the signal voltages written by normal drive is displayed
continues until the start of the first drive period in the second
pause drive period.

[0074] The first and second drive frames are set
consecutively also within each drive period of the second pause
drive period. 1In this case, since the absolute value of the
grayscale value for the current frame is less than the boundary
value, as in the first pause drive period, overshoot drive is
performed during the first drive frame using a correction value

provided by the LUT 70, and normal drive is performed during
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the second drive frame. However, wunlike 1in the first
embodiment, the polarities of both the overshoot voltage and
the signal voltage are negative during the first and second
drive frames. Thereafter, a pause period in which an image
corresponding to the signal voltages written by normal drive
is displayed continues until the start of the first drive period
in the third pause drive period.

[0075] Thereafter, similarly, in each odd pause drive
period, overshoot drive is performed by writing overshoot
voltages of the positive polarity during the first drive frame.
Then, normal drive is performed by writing signal voltages of
the positive polarity during the second drive frame, and
followed by a pause period. Moreover, in each even pause drive
period, overshoot drive is performed by writing overshoot
voltages of the negative polarity during the first drive frame.
Then, normal drive is performed by writing signal voltages of
the negative polarity during the second drive frame, and
followed by a pause period.

[0076] Furthermore, in FIG. 6, the third and fourth drive
frames are set consecutively within a drive period of the first
pause drive period. In the third drive frame, the comparator
circuit 80 obtains a grayscale value for an externally provided
input image signal (i.e., a grayscale value for the current
frame) and a grayscale value stored in the frame memory 60 for
an input image signal provided during the immediately previous
frame period (i.e., a grayscale value for the previous period),
and provides the results to the LUT 70. The LUT 70 outputs a
correction value, which is correlated with the combination of
the grayscale values for the previous and current frames, to

the adder circuit 50. In this case, the absolute value of the
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grayscale value for the current frame is equal to the absolute
value of the grayscale value for the previous frame and also
less than the boundary wvalue, and therefore, the correction
value outputted by the LUT 70 is negative. The adder circuit
50 subtracts the correction value from the grayscale value for
the current frame provided by the frame memory 60, thereby
generating a corrected image signal, and outputs the generated
signal to the data signal line driver circuit 25. The corrected
image signal is converted to undershoot voltages, which are
lower than a voltage corresponding to the input image signal
by the correction value (denoted by "0S2" in FIG. 6), and the
undershoot voltages are written to the data signal lines SL.
The polarity of the undershoot voltages is positive. As a
result, undershoot drive is performed during the first pause
drive period.

[0077] In the fourth drive frame, the frame memory 60 has
stored therein the same input image signal as that used in the
third drive frame. The frame memory 60 provides the input image
signal stored therein to the adder circuit 50. The adder
circuit 50 outputs the provided input image signal to the data
signal line driver circuit 25 as an image signal without
subtraction of a correction value. The image signal is written
to the data signal lines SL after conversion to analog signal
voltages, which are voltages corresponding to the input image
signal. The polarity of the signal voltages is also positive.
As a result, an image desired to be displayed during the first
pause drive period is displayed on the liquid crystal panel 10.
[0078] In this manner, during the third drive frame,
undershoot drive is performed using a correction value provided

by the LUT 70, and during the immediately succeeding fourth
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drive frame, normal drive is performed so that signal voltages
of the positive polarity are written to the data signal lines
SL. Thereafter, a pause period in which an image corresponding
to the signal voltages written by normal drive is displayed
continues until the start of the first drive period in the second
pause drive period.

[0079] The third and fourth drive frames are set
consecutively also within each drive period of the second pause
drive period. 1In this case, since the absolute value of the
grayscale value for the current frame is equal to the absolute
value of the grayscale value for the previous frame and also
greater than the boundary value, as in the first pause drive
period, undershoot drive is performed during the third drive
frame using a correction value provided by the LUT 70, and normal
drive is performed during the fourth drive frame. However,
unlike in the first pause drive period, the polarities of both
the undershoot voltage and the signal voltage are negative
during the third and fourth drive frames. Thereafter, a pause
period in which an image corresponding to the signal voltages
written by normal drive is displayed continues until the start
of the first drive period in the third pause drive period.
[0080] Thereafter, similarly, in each odd pause drive
period, undershoot drive is performed by writing undershoot
voltages of the positive polarity during the third drive frame.
Then, normal drive is performed by writing signal voltages of
the positive polarity during the fourth drive frame, and
followed by a pause period. Moreover, during each even pause
drive period, undershoot drive 1s performed by writing
undershoot voltages of the negative polarity during the third

drive frame. Then, normal drive is performed by writing signal
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voltages of the negative polarity during the fourth drive frame,
and followed by a pause period.

[0081] FIG. 7 is a diagram describing pause drive in the
liquid crystal display device 100 where the grayscale values
for the previous and current frames might differ. First, the
first pause drive period will be described. During the first
drive frame, the absolute value of the grayscale value for the
current frame is less than the boundary value, and therefore,
overshoot drive is performed using overshoot voltages of the
positive polarity generated with addition of a correction value
provided by the LUT 70. During the second drive frame, normal
drive is performed using analog signal voltages of the positive
polarity generated without correcting the grayscale value for
the current frame.

[0082] During the second pause drive period, the absolute
value of the grayscale value for the current frame is greater
than the boundary value but differs from the absolute value of
the grayscale value for the input image signal during the first
pause drive period (i.e., the grayscale value for the previous
frame) . Accordingly, overshoot drive for the negative
polarity is performed during the first drive frame. Then,
normal drive for the negative polarity is used during the second
drive frame.

[0083] During the third pause drive period, the absolute
value of the grayscale value for the current frame is greater
than the boundary value and also equal to the absolute value
of the grayscale value for the input image signal during the
second pause drive period (i.e., the grayscale value for the
previous frame). Accordingly, undershoot drive for the

positive polarity is performed during the first drive frame,
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and then, normal drive for the positive polarity is performed
during the second drive frame. Moreover, during the fourth
pause drive period, the absolute value of the grayscale value
for the current frame is less than the boundary value, so that
overshoot drive for the negative polarity is performed during
the first drive frame, and then, normal drive for the negative
polarity is performed during the second drive frame.
[0084] <l1.4 Effects>

FIG. 8 1s a diagram schematically illustrating
luminance changes where pause drive is performed in the liquid
crystal display device 100. As described in conjunction with
FIG. 35, in the case of an input image signal with the grayscale
value "64", the luminance sharply drops immediately after
signal voltages are written in the pixel forming portions, and
thereafter slowly returns to its original level.
Contrastingly, in the case of an input image signal with the
grayscale value "240", the luminance sharply rises immediately
after signal voltages arewritten in the pixel forming portions,
and slowly drops thereafter. However, as has been described
in the present embodiment, overshoot drive or undershoot drive
is performed depending on the grayscale value for the input
image signal. As a result, the luminance neither sharply drops
for the grayscale values "64" and "128" nor sharply rises for
the grayscale value "240", so that for any grayscale value, the
luminance of an 1image to be displayed 1is inhibited from
changing. This improves the quality of an image displayed on
the liquid crystal panel 10 to such an extent that the viewer
barely recognizes flicker.
[0085] Note that normal drive is performed after overshoot

or undershoot drive, and therefore, the signal voltages written
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to the data signal lines SL at the end of the drive period have
voltage values corresponding to the input image signal. This
allows the liquid crystal display device 100 to always display
an image in accordance with the input image signal. Moreover,
the IGZO-TFT 6, which offers very low off-leakage current, is
used as the switching element of the pixel forming portion 15.
Accordingly, the luminance that has dropped immediately after
the writing of the signal voltages returns to its original level
in the following pause period.
[0086] <1.5 First Variant>

In the above embodiment, both overshoot drive and
normal drive or both undershoot drive and normal drive are
performed once every drive period, and they are performed in
succession. However, three or more drive frames may be set to
extend the drive period so that overshoot or undershoot drive
is performed more than once, and thereafter, normal drive is
performed once.
[0087] The configuration of a 1liquid crystal display device
according to a first variant of the present embodiment is the
same as that shown in FIG. 1, and therefore, a block diagram
and descriptions thereof will be omitted. FIG. 9 is a diagram
describing pause drive in the present variant. As shown in FIG.
9, overshoot drive is performed twice in succession during a
drive period in a first pause drive period, and then, normal
drive is performed once.
[0088] In this manner, overshoot drive is performed twice
in succession during a drive period within each pause drive
period, and therefore, even in the case of liquid crystals with
a slow response speed, liquid crystal molecules can be reliably

oriented in the same direction as applied voltages. Moreover,
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undershoot drive may be performed twice 1in succession and
followed by a single performance of normal drive, as shown in
FIG. 10. The effects achieved in such a case are the same as
those achieved in the case shown in FIG. 9, and therefore, any
descriptions thereof will be omitted.
[0089] In the present variant, both overshoot drive and
undershoot drive are set to be performed twice, but they may
be performed three or more times if the response speed of the
liquid crystal is slower.
[0090] Furthermore, in the case of the overshoot drive shown
in FIG. 9, the values for the overshoot voltages to be written
at the two consecutive performances of overshoot drive are the
same. However, these voltage values may be different, and for
example, overshoot drive may be performed by writing overshoot
voltages whose values decrease gradually, as shown in FIG. 11.
Moreover, undershoot drive may be performed by writing
undershoot voltages whose values increase gradually, as shown
in FIG. 12.
[0091] Note that in any of the cases shown in FIGS. 9 through
12, it is necessary todisplay an image corresponding to an input
image signal during the pause period, and therefore, normal
drive in which signal voltages whose values correspond to the
input image signal are written needs to be performed in the last
drive frame of the drive period.
[0092] <l1.6 Second Variant>

In the above embodiment, the TFT of the pixel forming
portion 15 is the IGZO-TFT 16. However, it may be a TFT whose
channel layer is made of amorphous silicon (Si) or polysilicon.
In the following, the TFT whose channel layer is made of

amorphous silicon will be referred to as an "a-TFT", and the



10

15

20

25

30

45

TFT whose channel layer is made of polysilicon will be referred
to as a "p-TFT". When compared to the IGZO-TFT, the a-TFT and
the p-TFT offer very high off-leakage current. Therefore, the
signal voltage written in the pixel forming portion 15 drops
in a short period of time.

[0093] Therefore, a second variant of the present embodiment
will be described with respect to a ligquid crystal display
device using the a-TFTs or the p-TFTs as the switching elements
of the pixel forming portions 15. The configuration of such
a liquid crystal display device is the same as that of the 1liquid
crystal display device 100 shown in FIG. 1, except that the
a-TFTs or the p-TFTs are used in place of InGazZnOx, and
therefore, any description and block diagram thereof will be
omitted.

[0094] FIG. 13 is a diagram showing temporal changes in the
signal voltage written in liquid crystal capacitance where the
a-TFTs are used as the switching elements of the pixel forming
portions 15 included in the liquid crystal display device in
the present variant. As shown in FIG. 13, a signal voltage of
the positive polarity (e.g., +7V) is written, and the a-TFT is
turned off to maintain the written voltage for a predetermined
period of time. Next, a signal voltage of the negative polarity
(e.g., —-7V) is written, and the a-TFT is turned off to maintain
the written voltage for a predetermined period of time. These
operations will be repeated. Since the a-TFT offers high
off-leakage current, the value for the signal voltage drops to
+5V during the pause period when the signal voltage of +7V is
written as above or rises to -5V during the pause period when
the signal voltage of -7V is written as above.

[0095] However, in the ligquid crystal display device using
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the a-TFTs, the luminance is low when the signal voltage is low,
but the luminance increases sharply as the signal voltage rises,
as shown in FIG. 14. In addition, the luminance is
approximately constant when the signal voltage is about 5 to
7V. According to these results, the liquid crystal display
device using the a-TFTs 1is not suitable for displaying a
multitone image as liquid crystal display devices using
IGZO-TFTs do, but it is capable of displaying an image, such
as a black-and-white image, which can be displayed with two
luminance values. Furthermore, by attaching RGB color filters
to the surface of the liquid crystal panel, it is rendered
possible to display an 1image represented by nine colors,
including black.

[0096] FIG. 15 is a diagram schematically illustrating
luminance changes where the a-TFTs are used as the switching
elements of the pixel forming portions in the present variant.
Unlike in FIG. 35 where the IGZO-TFTs are used, the luminance
increases when the signal voltage is written at the beginning
of each pause drive period. However, thereafter, the written
signal voltage drops because of the off-leakage current of the
a-TFT, so that the luminance drops as well. By adjusting the
pause period such that the next writing is performed when the
signal voltage drops approximately 5V, the luminance is caused
to increase again when the signal voltage is written during the
next pause drive period. 1In this case, by keeping the change
in the signal voltage within the range from 5V to 7V, it is
rendered possible to control the luminance during each pause
drive period within such a range that the luminance can be
considered approximately constant. As a result, a liquid

crystal display device which can be produced at low cost is
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allowed to display an image, such as a black-and-white image,
which can be displayed with two luminance values. Note that
the a-TFT or P-TFT encompasses any TFT whose channel layer is
made of a semiconductor such as amorphous silicon-germanium
(SiGe) or polysilicon-germanium.
[0097] <2. Second Embodiment>

<2.1 Configuration of the Liquid Crystal Display
Device>

FIG. 16 1is a block diagram illustrating the
configuration of a 1liquid crystal display device 200 according
to a second embodiment of the present invention capable of pause
drive. As with the liquid crystal display device 100 shown in
FIG. 1, the liquid crystal display device 200 shown in FIG. 16
includes a liquid crystal panel 10, a scanning signal line
driver circuit 20, a data signal linedriver circuit 25, a timing
control circuit 30, and a correction circuit 40. Among these
components, the correction circuit 40 differs in configuration
from that shown in FIG. 1. Accordingly, in FIG. 15, the same
components as those shown in FIG. 1 are denoted by the same
reference characters as those assigned to the components shown
in FIG. 1, therefore, any descriptions thereof will be omitted,
and different components will be described mainly. As shown
in FIG. 16, the liquid crystal display device 200 uses an LUT
270 to be described later, in place of the LUT 70 shown in FIG.
1.
[0098] FIG. 17 is a diagram showing an example of the
configuration of the LUT 270 used in the liquid crystal display
device 200. As shown in FIG. 17, the LUT 270 has stored therein
correction values for emphasizing temporal changes in the input

image signal, such that the correction wvalues are only
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correlated with combinations of equal grayscale values for the
previous and current frames. For example, as for the grayscale
value "32" for the previous frame, only the correction value
that corresponds to the grayscale value "32" for the current
frame is stored, and there are no correction values stored
corresponding to other grayscale values. Moreover, correction
values for low grayscale values for the previous and current
frames are positive, but some correction values for high
grayscale values are negative. To describe it more
specifically, they are negative only for the grayscale values
"224" and "255" for the previous and current frames and positive
for other grayscale values.

[0099] Accordingly, only when the comparator circuit 80
determines that the grayscale values for the previous and
current frames are equal, the comparator circuit 80 provides
the result to the LUT 270. The LUT 270 provides the adder
circuit 50 with a correction value corresponding to the
grayscale values provided by the comparator circuit 80. The
adder circuit 50 generates a corrected image signal by adding
the correction value to the grayscale value for the current
frame when the correction value is positive or by subtracting
the correction value from the grayscale value for the current
frame when the correction value is negative, and outputs the
generated signal to the data signal line driver circuit 25.
[0100] On the other hand, when the comparator circuit 80
determines that the grayscale values for the previous and
current frames are not equal, the comparator circuit 80 does
not provide the result to the LUT 270. Accordingly, the adder
circuit 50 outputs the grayscale value for the current frame

to the data signal line driver circuit 25 as an image signal
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without correcting the grayscale value for the current frame.
[0101] Note that in the present embodiment, the wording that
the grayscale values for the previous and current frames are
equal encompasses not only the case where the grayscale values
for both are completely equal but also the case where the
grayscale values for both are essentially equal. Herein, the
grayscale values that are essentially equal include grayscale
values in the range of £8 with respect to the grayscale values
listed in the LUT 270. For example, when the grayscale value
for one frame is 32, the grayscale values in the range from 24
to 40 for the other frame are considered essentially equal to
the grayscale value "32" for the former frame. Accordingly,
in the case where the grayscale value for the previous frame
is 28, and the grayscale value for the current frame is 36, both
are considered essentially equal, and the adder circuit 50 adds
5, which is the correction value in the LUT 270 that corresponds
to the grayscale value "32" for both the previous and current
frames, to the grayscale value for the current frame.
[0102] <2.2 Operation during Pause Drive>

FIG. 18 1is a diagram describing pause drive,
incorporating overshoot drive, where the grayscale values for
the previous and current frames are the same. FIG. 19 is a
diagram describing pause drive where the grayscale values for
the previous and current frames are different. Note that the
pause drive shown in FIG. 18 is the same as that described in
conjunction with FIG. 5, and therefore, any description thereof
will be omitted.
[0103] In any pause drive periods, the grayscale values for
the previous and current frames are different, as shown in FIG.

19, and therefore, the circuit 50 is not provided with any
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correction value from the LUT 270. Accordingly, when the adder
circuit 50 is provided with an input image signal from the frame
memory 60, the adder circuit 50 outputs the signal without
correcting the signal with a correction value. As a result,
neither overshoot drive nor undershoot drive is performed.
[0104] In the second drive frame also, when the input image
signal from the frame memory 60 is provided, the signal is
outputted to the data signal line driver circuit 25 as an image
signal without correction. The image signal is written to the
data signal lines SL after conversion to signal voltages with
values corresponding to the input image signal. In thismanner,
the voltages with the same magnitude are outputted in the first
and second drive frames, and therefore, the result is the same
as if normal drive were performed twice. 1In this manner, normal
drive is performed twice to write the signal voltages to the
data signal lines SL, and a pause period in which an image
corresponding to the signal voltages written by normal drive
is displayed continues thereafter until the start of the first
drive period in the next pause drive period.
[0105] Thereafter, similarly, in each odd pause drive
period, normal drive in which signal voltages of the positive
polarity are written without addition of a correction value is
performed twice in succession and followed by a pause period.
Moreover, in each even pause drive period, normal drive is
performed twice in succession by writing signal voltages of the
negative polarity without addition of a correction value, and
followed by a pause period.
[0106] <2.3 Effects>

Flicker is recognizable when the same image continues

to be displayed. Accordingly, in the present embodiment,
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overshoot or undershoot drive is performed only when images with
essentially the same grayscale value are displayed in
succession, and thereafter, normal drive is performed. This
allows the viewer to barely recognize flicker.
[0107] Moreover, in the case where images with essentially
different grayscale values are displayed in succession, even
if flicker occurs because of a decrease in luminance, the viewer
barely recognizes such flicker. Therefore, normal drive is
performed twice without overshoot or undershoot drive being
performed. This allows a reduction in the memory capacity of
the LUT 270, resulting in reduced cost of the liquid crystal
display device 200.
[0108] Note that in the case where the response speed of the
liquid crystal is fast, if the grayscale values for the previous
and current frames are different, neither the first and second
drive frames nor the third and fourth drive frames are set in
succession, and only the first drive frame is set so as to be
followed by a pause period, rather than by the second drive
frame, or only the third drive frame may be set so as to be
followed by a pause period, rather than by the fourth drive
frame. 1In such a case, setting neither the second drive frame
nor the fourth drive frame reduces power consumption by the
liquid crystal display device.
[0109] <2.4 First Variant>

FIG. 20 is a block diagram of a liquid crystal display
device 300 according to a first wvariant of the present
embodiment. Aswith the liquidcrystal displaydevice 100 shown
in FIG. 1, the liquid crystal display device 300 shown in FIG.
20 includes a liquid crystal panel 10, a scanning signal line

driver circuit 20, a data signal linedriver circuit 25, a timing
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control circuit 30, and a correction circuit 40. Among these
components, the correction circuit 40 differs in configuration
from that shown in FIG. 1. Accordingly, in FIG. 20, the same
components as those shown in FIG. 1 are denoted by the same
reference characters as those assigned to the components shown
in FIG. 1, therefore, any descriptions thereof will be omitted,
and different components will be described mainly.

[0110] As shown 1in FIG. 20, the correction circuit 40
includes frame memory 60, an adder circuit 50, and an LUT 370,
but does not include any comparator circuit. The reason why
no comparator circuit is provided in the present variant is that
there is no need to determine whether the grayscale values for
the previous and current frames are equal. FIG. 21 is a diagram
showing an example of the configuration of the LUT 370 used in
the present variant. Unlike the LUT 70 shown in FIG. 2, the
LUT 370 has only stored therein correction values corresponding
to grayscale values for the current frame. 1In this manner, the
correction value is determined only by the grayscale value for
the current frame, regardless of the grayscale value for the
previous frame. In the LUT 370, the correction values for any
grayscale values of 160 or lower for the current frame are
positive, the correction value for the grayscale value "192"
for the current frame is zero, and the correction values for
any grayscale values of 224 or higher for the current frame are
negative.

[0111] Accordingly, unlike in the second embodiment, in the
case where a correction value corresponding to the grayscale
value for the current frame is positive, the adder circuit 50
generates a corrected image signal by adding the correction

value to the grayscale value for the current frame, regardless
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of the grayscale value for the previous frame, and outputs the
generated signal to the data signal line driver circuit 25. As
a result, overshoot drive is performed. Moreover, in the case
where the correction value corresponding to the grayscale value
for the current frame is negative, a corrected image signal is
generated with subtraction of the correction wvalue, and
outputted to the data signal line driver circuit 25. As a
result, undershoot drive is performed. Note that in the case
where the correction value is zero, the input image signal is
outputted to the data signal line driver circuit 25 without
correction.
[0112] <2.4.1 Operation during Pause Drive>

FIG. 22 1s a diagram describing pause drive,
incorporating overshoot drive, where the grayscale values for
the previous and current frames are the same, and FIG. 23 is
a diagram describing pause drive, incorporating undershoot
drive, where the grayscale values for the previous and current
frames are the same. FIG. 24 isadiagramdescribing pause drive
where the grayscale values for the previous and current frames
are different.
[0113] In the case shown in FIG. 22, first and second drive
frames are set consecutively within a drive period of a first
pause drive period. 1In the first drive frame, when the adder
circuit 50 is provided with a correction value from the LUT 370
which corresponds to a grayscale value for the current frame
provided by the frame memory 60, the adder circuit 50 generates
a corrected image signal by adding the correction value to the
grayscale value for the current frame because the grayscale
value for an input image signal (i.e., the grayscale value for

the current frame) is lower than the boundary value, and the
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adder circuit 50 outputs the generated signal to the data signal
line driver circuit 25. The corrected image signal is written
to the data signal lines SL after conversion to overshoot
voltages higher by the correction value "OS1" than the voltage
value that corresponds to the input image signal. The polarity
of the analog signal voltages is positive. As a result,
overshoot drive is performed.

[0114] In the second drive frame, the frame memory 60 has
stored therein the same input image signal as that used in the
first drive frame. When the adder circuit 50 is provided with
the input image signal from the frame memory 60, the adder
circuit 50 outputs the signal to the data signal line driver
circuit 25 as an image signal without addition of a correction
value. The image signal is written to the data signal lines
SL after conversion to signal voltages corresponding to the
input image signal. The polarity of the analog signal voltages
is also positive. As a result, normal drive is performed.
[0115] In this manner, in the first drive frame, overshoot
drive is performed using the correction value provided by the
LUT 370, and in the second drive frame, normal drive is performed
so that signal voltages of the positive polarity are written
to the data signal lines SL. Thereafter, a pause period inwhich
an image corresponding to the signal voltages written by normal
drive is displayed continues until the start of the first drive
period in the second pause drive period.

[0116] In the drive period of the second pause drive period
also, first and second drive frames are set consecutively. 1In
this case, as in the first pause drive period, overshoot drive
is performed in the first drive frame in accordance with a

corrected image signal obtained by adding a correction value
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provided by the LUT 370 to the grayscale value for the current
frame, and normal drive is performed in the second drive frame.
In any of the drive frames, voltages of the negative polarity
are written. Thereafter, a pause period in which an image
corresponding to the signal voltages written by normal drive
is displayed continues until the start of the first drive period
in the third pause drive period.

[0117] Thereafter, similarly, in each odd pause drive
period, overshoot drive is performed by writing overshoot
voltages of the positive polarity. Then, normal drive 1is
performed by writing signal voltages of the positive polarity,
and followed by a pause period. Moreover, in each even pause
drive period, overshoot drive is performed by writing overshoot
voltages of the negative polarity. Then, normal drive 1is
performed by writing signal voltages of the negative polarity,
and followed by a pause period.

[0118] In the case shown in FIG. 23, third and fourth drive
frames are set consecutively within a drive period of a first
pause drive period. In the third drive frame, when the adder
circuit 50 is provided with a correction value from the LUT 370
which corresponds to a grayscale value for the current frame
provided by the frame memory 60, the adder circuit 50 generates
a corrected image signal by subtracting the correction value
from the grayscale wvalue for the current frame because the
grayscale value for an input image signal (i.e., the grayscale
value for the current frame) is higher than the boundary value,
and the adder circuit 50 outputs the generated signal to the
data signal line driver circuit 25. The corrected image signal
is written to the data signal lines SL after conversion to

undershoot voltages lower by the correction value "0S2" than
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the voltage value that corresponds to the input image signal.
The polarity of the analog signal voltages is positive. As a
result, undershoot drive is performed.

[0119] In the fourth drive frame, the frame memory 60 has
stored therein the same input image signal as that used in the
third drive frame. When the adder circuit 50 is provided with
the input image signal from the frame memory 60, the adder
circuit 50 outputs the signal to the data signal line driver
circuit 25 as an image signal without subtraction of a
correction value. The image signal is written to the data
signal lines SL after conversion to signal voltages
corresponding to the input image signal. The polarity of the
analog signal voltages is also positive. As a result, normal
drive is performed.

[0120] In this manner, in the third drive frame, undershoot
drive is performed using the correction value provided by the
LUT 370, and in the fourth drive frame, normal drive is performed
so that signal voltages of the positive polarity are written
to the data signal lines SL. Thereafter, a pause period in which
an image corresponding to the signal voltages written by normal
drive is displayed continues until the start of the first drive
period in the second pause drive period.

[0121] In the drive period of the second pause drive period
also, third and fourth drive frames are set consecutively. 1In
the third drive frame, the absolute value of the grayscale value
for the current frame is greater than or equal to the boundary
value. Accordingly, wundershoot drive is performed in
accordance with a corrected image signal obtained by
subtracting a correction value provided by the LUT 370 from the

grayscale value for the current frame, and normal drive 1is
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performed in the fourth drive frame. Inanyof thedrive frames,
voltages of the negative polarity are written. Thereafter, a
pause period in which an image corresponding to the signal
voltages written by normal drive is displayed continues until
the start of the first drive period in the third pause drive
period.

[0122] Thereafter, similarly, in each odd pause drive
period, undershoot drive is performed by writing undershoot
voltages of the positive polarity. Then, normal drive is
performed by writing signal voltages of the positive polarity,
and followed by a pause period. Moreover, in each even pause
drive period, undershoot drive 1s performed by writing
undershoot voltages of the negative polarity. Then, normal
drive is performed by writing signal voltages of the negative
polarity, and followed by a pause period.

[0123] In the case shown in FIG. 24, the LUT 370 is used,
and therefore, whether to perform overshoot drive or undershoot
drive is determined by the grayscale value for the current
frame. Specifically, in each pause drive period, overshoot
drive is performed when the grayscale value for the current
frame is lower than the boundary value, whereas undershoot drive
is performed when the grayscale value for the current frame is
higher than the boundary value. More specifically, overshoot
drive is performed during the first and second pause drive
periods, and undershoot drive is performed during the third and
fourth pause drive periods.

[0124] In this manner, in the present variant, regardless
of whether the grayscale values for the previous and current
frames are equal, overshoot or undershoot drive is performed

only in accordance with the grayscale value for the current
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frame. Accordingly, in the present wvariant, unlike in the
second embodiment, it is necessary to always perform normal
drive in the second and fourth drive frames, and the second drive
frame drive and the fourth drive frame drive cannot be omitted.
[0125] <2.4.2 Effects>

The present variant achieves the same effects as
those achieved Dby the second embodiment, and further,
eliminates the need to provide any comparator circuit because
there is no need to determine whether the grayscale values for
the previous and current frames are the same. Thus, the
production cost for the liquid crystal display device 300 can
be further reduced.
[0126] <2.5 Second Variant>

In the first variant, there is no difference in the
amount of correction stored in the LUT 370 between the case where
the polarity of the input image signal changes from positive
to negative and the case where the polarity changes from
negative to positive.
[0127] However, in the case where the dielectric anisotropy
of the ligquid crystal varies among directions of voltages
applied to the liquid crystal layer, so that liquid crystal
molecules tend to be oriented in one direction and do not tend
to be oriented in the other direction, the response speed of
the liquid crystal might vary among directions of applied
voltages. 1In such a case, even if the grayscale values for the
previous and current frames are the same, it is necessary to
change the overshoot and undershoot voltages in accordance with
the direction of the applied voltage. Accordingly, the
correction circuit of the ligquid crystal display device is

provided with an LUT (also referred toasa "first table”) having
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correction values stored for one direction in which the voltage
is applied, as well as an LUT (also referred to as a "second
table") having correction values stored for the opposite
direction. Note that configuration examples of the LUTs are
omitted in the present variant.

[0128] FIG. 25 1s a diagram describing pause drive,
incorporating overshoot drive, where the grayscale values for
the previous and current frames are the same, and FIG. 26 is
a diagram describing pause drive, incorporating undershoot
drive, where the grayscale values for the previous and current
frames are the same. As shown in FIG. 25, even when the
grayscale values for the previous and current frames are equal,
the overshoot voltages vary between the case where the polarity
of the input image signal changes from positive to negative and
the case where the polarity changes from negative to positive,
and the absolute value of the overshoot voltage value is higher
in the case where the polarity changes from negative to positive
than in the opposite case. Even if the grayscale values for
the previous and current frames are the same, such overshoot
drive 1s performed by setting correction values such that the
absolute values of the correction values in the LUT used in the
case where the polarity changes from negative to positive are
higher than the absolute values of the correction values in the
LUT used in the case where the polarity changes from positive
to negative.

[0129] Furthermore, as shown in FIG. 26, even when the
grayscale values for the previous and current frames are equal,
the undershoot voltages vary between the case where the polarity
of the input image signal changes from positive to negative and

the case where the polarity changes from negative to positive,
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and the absolute value of the undershoot voltage value is higher
in the case where the polarity changes from negative to positive
than in the opposite case. Such undershoot drive is performed
by setting correction values such that the absolute values of
the correction values in the LUT used in the case where the
polarity changes from negative to positive are higher than the
absolute values of the correction values in the LUT used in the
case where the polarity changes from positive to negative.
[0130] In this manner, even if the response speed of the
ligquid crystal varies between the case where the polarity of
the voltage applied to the liquid crystal layer changes from
positive to negative and the case where the polarity changes
from negative to positive, the luminance change, which depends
on the direction of the applied voltage, can be kept down to
approximately the same level by also changing the correction
value in accordance with the direction of the applied voltage.
Thus, the viewer barely recognizes flicker.
[0131] Note that the present variant can be applied
similarly not only to the case where the grayscale values for
the previous and current frames are the same but also to the
case where they are different. 1In addition, even in the case
where the voltage correction values "OS1" and "0OS2" are higher
in the case where the polarity changes from positive to negative
than in the case where the polarity changes in the opposite
direction, drive can be performed in the same manner as in the
present variant.
[0132] <3. Third Embodiment>

When the dielectric anisotropy of the liquid crystal
changes because of a change in ambient temperature around the

liquid crystal display device, the response speed of the liquid
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crystal display device changes conspicuously. Accordingly, if
overshoot or undershoot drive is performed at low temperature
using an LUT having stored correction values set at room
temperature, the response speed of the liquid crystal is slower
at low temperature, and therefore, cannot be increased
sufficiently, so that display cannot be provided with desired
grayscale values. On the other hand, if overshoot or undershoot
drive is performed at high temperature, overly emphasized
display is provided because the response speed of the ligquid
crystal 1is faster at high temperature. Therefore, liquid
crystal display devices for use in a wide range of temperatures
preferably have a plurality of different LUTs for their
respective temperature ranges so that optimized overshoot drive
can be performed with addition of optimal correction values
suitable for the temperature.
[0133] <3.1 Configuration of the Liquid Crystal Display
Device>

FIG. 27 is ablock diagramof a liquid crystal display
device 400 according to a third embodiment of the present
invention. The liquid crystal display device 400 shown in FIG.
27 differs from the liquid crystal display device 100 shown in
FIG. 1 in that a temperature sensor 35 is provided in the timing
control circuit 30, and the correction circuit 40 has three LUTs
470a to 470c provided for their respective temperature ranges.
Note that in FIG. 27, the same components as those shown in FIG.
1 are denoted by the same reference characters as those assigned
to the components shown in FIG. 1, therefore, any descriptions
thereof will be omitted, and different components will be
described mainly.

[0134] FIG. 28 is a diagram showing the LUT 470a for room
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temperature for use in the liquid crystal display device 400,
FIG. 29 is a diagram showing the LUT 470b for high temperature,
and FIG. 30 is adiagram showing the LUT 470c for low temperature.
As can be appreciated from FIGS. 28 to 30, absolute values of
correction values are set so as to decrease in the order: the
LUT 470c for low temperature, the LUT 470a for room temperature,
and the LUT 470b for high temperature. Accordingly, overshoot
drive and undershoot drive at low temperature at which the
response speed of the liquid crystal tends to decrease are
emphasized most, and followed by overshoot and undershoot at
room temperature. Moreover, overshoot drive and undershoot
drive at high temperature are kept less effective.

[0135] In this manner, the LUTs 470 to be used are switched
in accordance with the temperature at which the liquid crystal
display device 400 is used, and therefore, the temperature
sensor 35 for acquiring temperature information is required.
In the present embodiment, the temperature sensor 35 is provided
in the timing control circuit 30, and one of the LUTs 470a to
470c is selected in accordance with temperature information
from the temperature sensor 35. Upon selection of one of the
LUTs 470a to 470c, overshoot or undershoot drive is performed
using a correction value stored in the selected LUT, as in the
above embodiments.

[0136] Note that in the present embodiment, the LUT 470a for
room temperature is used at 10°C or higher but less than 40°C,
the LUT 470b for high temperature is used at 40°C or higher,
and the LUT 470c for low temperature is used at less than 10°C,
but it is possible to appropriately adjust the temperature
ranges in which they can be used. In addition, the number of

LUTs 470 is not limited to three, and can be set to two or even
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four or more in accordance with the temperature range in which
the ligquid crystal display device 400 is used.
[0137] In FIG. 27, the temperature sensor 35 is provided in
the timing control circuit 30, but it may be provided on the
liquid crystal panel 10, rather than in the timing control
circuit 30. 1In such a case, the timing control circuit 30
acquires temperature information from the temperature sensor
35 via serial communication, and selects one of the LUTs 470a
to 470c in accordance with the temperature information. Note
that in the case where the temperature sensor 35 is provided
on an insulating substrate and provides temperature information
to the timing control circuit 30 via serial communication, the
temperature sensor 35 can be disposed in an arbitrary position
on the insulating substrate. Moreover, in the case where the
temperature sensor 35 is provided in the timing control circuit
30, the configuration of the timing control circuit 30 does not
become complex. Accordingly, the production cost for the
liquid crystal display device 400 can be reduced.
[0138] <3.2 Effects>

In the present embodiment, one of the LUTs 470a to
470c is selected in accordance with the ambient temperature
around the liquid crystal display device 400 measured by the
temperature sensor 35, to perform overshoot or undershoot
drive, and therefore, the overshoot or undershoot drive can be
optimized regardless of the temperature. As a result, also in
the liquid crystal display device 400 to be used in a wide range
of temperatures, the decrease in luminance at the time of
writing signal voltages can be suppressed so that the viewer
barely recognizes flicker.

[0139] <3.3 First Variant>
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FIG. 31 1is a block diagram illustrating the
configuration of a 1liquid crystal display device 500 according
to a first variant of the present embodiment. As shown in FIG.
31, the 1liquid crystal display device 500 has a similar
configuration to that of the liquid crystal display device 400
shown in FIG. 27. Their differences are in that nonvolatile
memory 575 is provided in the correction circuit 40, temperature
information from the temperature sensor 35 is provided to the
nonvolatile memory 575, and further, the number of LUTs 570 is
one. Note that in FIG. 31, the same components as those shown
in FIGS. 1 and 27 are denoted by the same reference characters
as those assigned to the components shown in FIGS. 1 and 27,
therefore, any descriptions thereof will be omitted, and
different components will be described mainly.

[0140] In the 1liquid crystal display device 500, the
nonvolatile memory 575 has prestored data for correction values
for room temperature, high temperature, and low temperature.
On the basis of temperature information from the temperature
sensor 35, data for correction values corresponding to the
temperature information is transferred from the nonvolatile
memory 575 to the LUT 570. Accordingly, as in the liquidcrystal
display device 400 shown in FIG. 27, the LUT 570 provides the
adder circuit 50 with correction values correlated with the
grayscale values for the previous and current frames. The
subsequent operations are the same as in the case of the liquid
crystal display device 400, and therefore, any descriptions
thereof will be omitted.

[0141] In this case, even when there is a need to prepare
a plurality of LUTs because the liquid crystal display device

400 is used in a wide range of temperatures, only one LUT 570
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is provided, and the correction values that should be stored
in a plurality of LUTs are stored in the nonvolatile memory 575.
In addition, data for correction values for a temperature range
corresponding to temperature information provided by the
temperature sensor 35 is transferred to the LUT 570. As a
result, the number of LUTs can be reduced, resulting in reduced
production cost for the liquid crystal display device 500.
[0142] <3.4 Second Variant>

FIG. 32 is a diagram illustrating a liquid crystal
display device 600, which is equivalent to the liquid crystal
display device 400 shown in FIG. 27 without the comparator
circuit, and FIG. 33 is a diagram illustrating a liquid crystal
display device 700, which is equivalent to the liquid crystal
display device 500 shown in FIG. 31 without the comparator
circuit. The liquid crystal display device 600 shown in FIG.
32 has three LUTs 670a to 670c, which have correction values
stored therein for their respective temperature ranges, and the
liquid crystal display device 600 selects one of the three LUTs
670a to 670c in accordance with temperature information
provided by the temperature sensor 35. The ligquid crystal
display device 600 does not have any comparator circuit, and
therefore, the LUTs 670a to 670c have only the correction values
for the grayscale values for the current frame stored therein
for their respective temperature ranges. In this manner, the
correction values are determined solely by the grayscale values
for the current frame, regardless of grayscale values for the
previous frame. Accordingly, the adder circuit 50 generates
a corrected image signal by adding correction values stored in
one of the LUTs 670a to 670c selected in accordance with the

temperature to all grayscale values for the current frame,
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regardless of grayscale values for the previous frame, and
outputs the generated signal to the data signal line driver
circuit 25.

[0143] In the liquid crystal display device 700 shown in FIG.
33, data for three types of correction values for corresponding
temperature ranges is stored in the nonvolatile memory 575, and
in accordance with temperature information provided by the
temperature sensor 35, data for corresponding correction values
is transferred to the LUT 570. As well, the liquid crystal
display device 700 does not have any comparator circuit, and
therefore, the nonvolatile memory 575 has stored therein only
the correction values for the grayscale values for the current
frame. In this manner, the correction values are determined
solely by the grayscale values for the current frame, regardless
of grayscale values for the previous frame. Accordingly, the
adder circuit 50 of the liquid crystal display device 700 also
generates a corrected image signal by adding correction values,
which are selected in accordance with the temperature from among
the data stored in the nonvolatile memory 575 for their
respective temperature ranges, to all grayscale values for the
current frame, regardless of grayscale values for the previous
frame, and outputs the generated signal to the data signal line
driver circuit 25. Note that in any of the cases, normal drive
is performed in the same manner as in the liquid crystal display
device 400 shown in FIG. 27 or the liquid crystal display device
500 shown in FIG. 31, and therefore, any description thereof
will be omitted.

[0144] The present variant further eliminates the need for
the comparator circuit, resulting in further reduced production

cost for the ligquid crystal display devices 600 and 700.
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[0145] <5. Others>

The liquid crystal display devices according to the
above embodiments and their variants are driven by dot-by-dot
inversion drive. However, in addition to dot-by-dot inversion
drive, other alternating-voltage drive modes, such as
line-by-line inversion drive, column-by-column inversion
drive, or frame-by-frame inversion drive, can also be applied
to achieve the same effects as those achieved by dot-by-dot

inversion drive.

INDUSTRIAL APPLICABILITY
[0146] The present invention can be applied to 1liquid
crystal display devices capable of pause drive 1in an

alternating-voltage drive mode.

DESCRIPTION OF THE REFERENCE CHARACTERS
[0147] 10 1ligquid crystal panel
15 pixel forming portion
16 thin-film transistor (TFT)
17 pixel electrode
18 common electrode
20 scanning signal line driver circuit
25 data signal line driver circuit
30 timing control circuit
35 temperature sensor
40 correction circuit
50 adder circuit
60 frame memory
70, 270, 370, 470, 570, 670, 770 look-up table (LUT)

80 comparator circuit
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100, =200, 300, 400, 500, 600, 700 1ligquid crystal
display device

575 nonvolatile memory

Ccl 1liquid crystal capacitance

GL scanning signal line

SL data signal line



10

15

20

25

30

69

CLAIMS

1. A liquid crystal display device formed on an
insulating substrate and performing pause drive in an
alternating-voltage drive mode, the device comprising:

a plurality of scanning signal lines;

a plurality of data signal lines crossing each of the
scanning signal lines;

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

a correction circuit for outputting either a
corrected image signal obtained by subjecting an input image
signal to a tone emphasizing process for emphasizing a temporal
change in the signal or an image signal being the input image
signal not subjected to the tone emphasizing process;

a scanning signal 1line driver circuit for
sequentially selecting and scanning the scanning signal lines;

a data signal line driver circuit for writing signal
voltages to the data signal lines in accordance with the image
signal, as well as at least one of first and second correction
voltages in accordance with the corrected image signal, the
first correction voltage having a higher absolute value than
the signal voltage, the second correction voltage having a lower
absolute value than the signal voltage; and

a timing control circuit for controlling the scanning
signal line driver circuit and the data signal line driver
circuit, wherein,

the pause drive alternatingly repeats a drive period
consisting of a plurality of drive frames and a pause period

following the drive period and lasting until the start of the
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next drive period,

the correction circuit outputs the corrected image
signal to the data signal line driver circuit at least during
the first drive frame of the drive period and also outputs the
image signal to the data signal line driver circuit during the
last drive frame, and

the data signal line driver circuit writes the first
or second correction voltage at least once to the data signal
line, and further, writes a signal voltage having the same
polarity as thewritten first or second correction voltage, once

to the data signal line.

2. The ligquid crystal display device according to
claim 1, wherein,
the correction circuit includes:

frame memory for storing the input image signal
every frame;

a table having stored correction wvalues
correlated with grayscale values at least for a current frame
for the input image signal; and

an adder circuit for outputting either the
corrected image signal or the image signal to the data signal
line driver circuit in accordance with the input image signal,

the table provides the adder circuit with a
correction value correlated with the grayscale value for the
current frame for the input image signal every time the adder
circuit is provided with the grayscale value for the current
frame, and

the adder circuit outputs the corrected image signal

by correcting the grayscale value for the input image signal
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with the correction value provided by the table and also outputs
the image signal without correcting the grayscale value for the

input image signal.

3. The liquid crystal display device according to
claim 2, wherein,

the correction circuit further includes a comparator
circuit for obtaining a grayscale value for a current frame for
the input image signal and a grayscale value for a previous frame
stored in the frame memory and outputting the obtained values
to the table, and

the table has stored therein correction wvalues
correlated with combinations of grayscale wvalues for the
current and previous frames for the input image signal, and
outputs a correction value for a corresponding one of the
combinations to the adder circuit when grayscale values for the
current and previous frames for the input image signal are

provided by the comparator circuit.

4. The liquid crystal display device according to
claim 3, wherein the adder circuit outputs the corrected image
signal in each of two or more consecutive drive frames including
the first drive frame, and outputs the image signal during the

last drive frame.

5. The liquid crystal display device according to
claim 3, wherein,

the comparator circuit further obtains an inverting
direction in which the input image signal is inverted in

polarity for each of the drive periods, and



10

15

20

25

30

72

the table includes first and second tables having
different correction values stored for corresponding polarity
directions, such that every time grayscale wvalues for the
current and previous frames for the input image signal and a
polarity direction are provided by the comparator circuit, the
adder circuit is provided with a correction value correlated
with the grayscale values for the current and previous frames
from one of the first and second tables that corresponds to the

polarity direction.

6. The liquid crystal display device according to
claim 1, wherein,
the correction circuit includes:
frame memory for storing the input image signal
every frame;
a comparator circuit for obtaining a grayscale
value for a current frame for the input image signal and a
grayscale value for a previous frame stored in the frame memory;
a table having correction wvalues stored for
essentially equal grayscale values for the current and previous
frames for the input image signal; and
an adder circuit for outputting either the
corrected image signal or the image signal to the data signal
line driver circuit in accordance with the input image signal,
the comparator circuit provides the table with
grayscale values for the current and previous frames for the
input image signal when the grayscale values for the current
and previous frames for the input image signal are essentially
equal,

the table outputs to the adder circuit a correction
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value correlated with the grayscale values for the current and
previous frames provided by the comparator circuit,

when the grayscale values for the current and
previous frames for the input image signal are essentially
equal, the adder circuit outputs the corrected image signal by
correcting the grayscale value for the input image signal with
the correction value provided by the table and also outputs the
image signal without correcting the grayscale value for the
input image signal, and

when the grayscale values for the current and
previous frames for the input image signal are essentially not
equal, the adder circuit outputs the corrected image signal at
least once without correcting the grayscale value for the input

image signal.

7. The liquid crystal display device according to
claim 6, wherein, when the grayscale values for the current and
previous frames for the input image signal are essentially not
equal, the adder circuit further outputs the corrected image
signal without correcting the grayscale value for the input

image signal.

8. The liquid crystal display device according to
claim 2 or 6, further comprising a temperature sensor for
measuring an ambient temperature around the liquid crystal
display device, wherein,

the table includes a plurality of sub-tables having
stored different correction values for predetermined
temperature ranges, such that one of the sub-tables is selected

in accordance with temperature information provided by the
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temperature sensor.

9. The liquid crystal display device according to
claim 2 or 6, further comprising a temperature sensor for
measuring an ambient temperature around the liquid crystal
display device, wherein,

the correction circuit further includes nonvolatile
memory for storing a plurality of data items for different
correction values for predetermined temperature ranges, and

the nonvolatile memory selects one of the data items
in accordance with temperature information provided by the
temperature sensor and provides the selected data item to the

table.

10. The liquid crystal display device according to
claim 8 or 9, wherein,

the temperature sensor is provided on the insulating
substrate, and

the temperature sensor provides the temperature
information to the timing control circuit via serial

communication.

11. The liquid crystal display device according to
claim 8 or 9, wherein the temperature sensor is provided in the

timing control circuit.

12. The liquid crystal display device according to
claim 1, wherein the pixel forming portion includes a thin-film
transistor having a control terminal connected to the scanning

signal line, a first conductive terminal connected to the data
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signal line, a second conductive terminal connected to a pixel
electrode to which the first correction voltage, the second
correction voltage, or the signal voltage is to be applied, and

a channel layer formed of an oxide semiconductor.

13. The liquid crystal display device according to
claim 12, wherein the oxide semiconductor is InGaZnOx mainly
composed of indium (In), gallium (Ga), zinc (Zn), and oxygen

(0) .

14. The liquid crystal display device according to
claim 1, wherein the pixel forming portion includes a thin-film
transistor having a control terminal connected to the scanning
signal line, a first conductive terminal connected to the data
signal line, a second conductive terminal connected to a pixel
electrode to which the first correction voltage, the second
correction voltage, or the signal voltage is to be applied, and
a channel layer formed of either an amorphous semiconductor or

a polycrystalline semiconductor.

15. The liquid crystal display device according to
any of claims 1 through 14, wherein the liquid crystal display
device is driven by dot-by-dot inversion drive, line-by-line
inversion drive, column-by-column inversion drive, or
frame-by-frame inversion drive in the alternating-voltage

drive mode.

16. A method for driving a liquid crystal display
device performing pause drive in an alternating-voltage drive

mode and including a plurality of scanning signal lines, a
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plurality of data signal lines crossing each of the scanning
signal lines, pixel forming portions formed at intersections
of the scanning signal lines and the data signal lines, a
correction circuit for outputting either a corrected image
signal obtained by subjecting an input image signal to a tone
emphasizing process for emphasizing a temporal change in the
signal or an image signal being the input image signal not
subjected to the tone emphasizing process, a scanning signal
line driver circuit for sequentially selecting and scanning the
scanning signal lines, and a data signal line driver circuit
for writing to the data signal lines correction voltages in
accordance with the corrected image signal or signal voltages
in accordance with the image signal, the method comprising the
steps of:

outputting the corrected image signal obtained by
subjecting the input image signal to the tone emphasizing
process for emphasizing the temporal change in the signal to
the data signal line driver circuit at least during the first
drive frame in a drive period;

outputting the image signal being the input image
signal not subjected to the tone emphasizing process to the data
signal line driver circuit during the last drive frame in the
drive period;

writing at least one of first and second correction
voltages at least once to the data signal line in accordance
with the corrected image signal subjected to an emphasizing
correction process, wherein the first correction voltage has
a higher absolute value than the signal voltage, and the second
correction voltage has a lower absolute value than the signal

voltage; and
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writing a signal voltage having the same polarity as
the first or second correction voltage, once to the data signal
line immediately after the writing of the first or second

correction voltage.



