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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING SAME

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal dis-
play devices and methods for driving the same, particularly to
a liquid crystal display device 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 com-
pact and lightweight electronic devices. Liquid crystal dis-
play 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 scan-
ning 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. As a result, it is possible to reduce power consump-
tion by the liquid crystal display device. The pause drive as
described above is also referred to as “low-frequency drive”
or “intermittent drive”.

[0003] Inaliquid crystal panel for use in the liquid crystal
display device, a liquid crystal layer is provided between two
electrodes. When a voltage is applied to the liquid crystal
layer, the orientation direction (i.e., the longitudinal direc-
tion) of liquid crystal molecules in the liquid crystal layer
changes because of dielectric anisotropy of the liquid crystal.
Moreover, liquid crystals have optical anisotropy, and there-
fore, when the orientation direction of the liquid crystal mol-
ecules changes, the direction of polarization of light to be
transmitted through the liquid crystal layer changes. Accord-
ingly, the amount of light to be transmitted through the liquid
crystal layer can be controlled in accordance with the voltage
applied to the liquid crystal layer. Thus, it is possible to
display an image on the liquid crystal panel with the lumi-
nance of each pixel forming portion at a desired grayscale
luminance value.

[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 Nem-
atic), 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, it is
known that the response speed of the liquid 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, the duration of a frame period is 16.7 ms. Accord-
ingly, 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 “over-
shoot drive” is performed to apply a higher voltage to a liquid
crystal layer than a normally applied voltage. The overshoot
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drive is performed using a look-up table (referred to as an
“LUT” or a “table”) in which correction values are stored and
correlated with combinations of grayscale values for the pre-
vious and current frames. More specifically, a correction
value corresponding to 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 response speed of the liquid crystal, and hence
the response speed of the liquid crystal display device.

CITATION LIST

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] Intheliquid crystal display device, if voltages of the
same polarity continue to beapplied to the liquid crystal layer,
image persistence might occur in the liquid crystal layer,
resulting in deterioration of the liquid crystal layer. There-
fore, to prevent image persistence in the liquid crystal layer,
alternating-voltage drive in which the polarity of signal volt-
ages is inverted upon each writing is performed. FIG. 30 is a
diagram describing a conventional method for performing
pause drive in an alternating-voltage drive mode. As shown in
FIG. 30, 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. In 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 opera-
tions 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. 31 is a diagram schematically illustrating
changes in luminance where pause drive is perfornied as
shown in FIG. 30. As shown in FIG. 31, the luminance
decreases sharply immediately after signal voltages are writ-
ten, and returns slowly to the original value, and the same is
repeated thereafter. This phenomenon occurs when the polar-
ity of the signal voltages is inverted, because the orientation
direction of liquid crystal molecules cannot follow such a
change. When a video is displayed, such a decrease in lumi-
nance can barely be recognized by the viewer because the
image change speed is fast. However, during pause drive, the
viewer recognizes such a change in luminance as flicker, so
there is a problem with reduced image display quality.
[0010] 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 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.

[0011] Therefore, an objective of the present invention is to
provide a liquid crystal display device capable of suppressing
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adecrease in display quality when pause drive is performed in
an alternating-voltage drive mode, as well as a method for
driving the same.

Means for Solving the Problems

[0012] A first aspect of the present invention is directed to
a liquid crystal display device formed on an insulating sub-
strate and performing pause drive in an alternating-voltage
drive mode, the device including:

[0013] a plurality of scanning signal lines;

[0014] a plurality of data signal lines crossing each of the
scanning signal lines;

[0015] pixel forming portions formed at intersections of the
scanning signal lines and the data signal lines;

[0016] 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 an input image
signal not subjected to the tone emphasizing process;

[0017] ascanning signal line driver circuit for sequentially
selecting and scanning the scanning signal lines;

[0018] adata signal line driver circuit for writing to the data
signal lines correction voltages in accordance with the cor-
rected image signal outputted by the correction circuit or
signal voltages in accordance with the image signal; and
[0019] atiming control circuit for controlling the scanning
signal line driver circuit and the data signal line driver circuit,
wherein,

[0020] 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 ofthe next
drive period,

[0021] 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

[0022] the correction voltage in accordance with the cor-
rected image signal has the same polarity as the signal voltage
in accordance with the image signal and an absolute value
greater than or equal to an absolute value ofthe signal voltage.
[0023] Inasecondaspect ofthe present invention, based on
the first aspect of the invention, the correction circuit includes
frame memory for storing the input image signal every frame,
a comparator circuit for obtaining grayscale values for a
current frame for the input image signal and grayscale values
for a previous frame stored in the frame memory, a table
having stored correction values correlated with combinations
of grayscale values for the current and previous frames for the
input image signals, 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 the correction
values correlated with the grayscale values for the current and
previous frames every time the comparator circuit provides
the grayscale values for the current and previous frames for
the input image signal, and the adder circuit outputs the
corrected image signal by correcting the grayscale values for
the input image signal with the correction values provided by
the table and also outputs the image signal without correcting
the grayscale values for the input image signal.

[0024] In a third aspect of the present invention, based on
the second aspect of the invention, the adder circuit outputs
the corrected image signal in each of two or more consecutive
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drive frames including the first drive frame, and outputs the
image signal during the last drive frame.

[0025] Ina fourth aspect of the present invention, based on
the first aspect of the invention, the correction circuitincludes
frame memory for storing the input image signal every frame,
a comparator circuit for obtaining grayscale values for a
current frame for the input image signal and grayscale values
for a previous frame stored in the frame memory, a table
having stored correction values correlated with combinations
of grayscale values for the current and previous frames for the
input image signals when the grayscale values for the current
and previous frames are equal, and an adder circuit for out-
putting either the corrected image signal or the image signal
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 only when the
grayscale values for the current and previous frames for the
input image signal are essentially equal, the table provides the
adder circuit with the correction values 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 values for the input
image signal with the correction values provided by the table
and also outputs the image signal without correcting the gray-
scale values for the input image signal, and when the gray-
scale values for the current and previous frames for the input
image signal are essentially not equal, the adder circuit out-
puts the corrected image signal at least once without correct-
ing the grayscale values for the input image signal.

[0026] In a fifth aspect of the present invention, based on
the fourth aspect of the invention, when the grayscale values
for the current and previous frames for the input image signal
are essentially not equal, the adder circuit outputs the cor-
rected image signals successively without correcting the
grayscale values for the input image signal.

[0027] In a sixth aspect of the present invention, based on
the fourth or fifth aspect of the invention, 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
stored different correction values in accordance with direc-
tions of the polarity, such that every time grayscale values for
the current and previous frames for the input image signal and
a direction of the polarity are provided by the comparator
circuit, the adder circuit is provided with the correction values
correlated with the grayscale values for the current and pre-
vious frames from one of the first and second tables corre-
sponding to the direction of the polarity.

[0028] Inaseventhaspectofthe presentinvention, based on
the first aspect of the invention, the correction circuit includes
frame memory for storing the input image signal every frame,
a table having stored correction values correlated with gray-
scale values for a current frame for the input image signal, and
an adder circuit for outputting either the corrected image
signal or the image signal in accordance with the input image
signal, the table provides the adder circuit with correction
values corresponding to the grayscale values for the current
frame every time the input image signal is provided, and the
adder circuit outputs the corrected image signal by correcting
the grayscale values for the input image signal with the cor-
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rection values provided by the table and also outputs the
image signal without correcting the grayscale values for the
input image signal.

[0029] Inaneighthaspectofthe presentinvention, based on
the first aspect of the invention, the correction circuit includes
frame memory for storing the input image signal every frame,
and an adder circuit for outputting either the corrected image
signal or the image signal in accordance with the input image
signal, and the adder circuit stores one correction value and
outputs the corrected image signal by correcting the grayscale
values for the input image signal with the correction value,
while outputting the image signal without correcting the
grayscale values for the input image signal.

[0030] In a ninth aspect of the present invention, based on
the second or seventh aspect of the invention, the liquid crys-
tal display device further includes a temperature sensor for
measuring an ambient temperature around the liquid crystal
display device, the table includes a plurality of sub-tables
having stored different correction values for predetermined
temperature ranges, and one of the sub-tables is selected in
accordance with temperature information provided by the
temperature sensor.

[0031] In a tenth aspect of the present invention, based on
the second or seventh aspect of the invention, the liquid crys-
tal display device further includes a temperature sensor for
measuring an ambient temperature around the liquid crystal
display device, the correction circuit further includes non-
volatile memory for storing a plurality of data items for dif-
ferent correction values for predetermined temperature
ranges, and one of the data items is selected and provided to
the table in accordance with temperature information pro-
vided by the temperature sensor.

[0032] Inan eleventh aspect ofthe present invention, based
on the ninth or tenth aspect of the invention, the temperature
sensor 1s provided on the insulating substrate, and the tem-
perature sensor provides the temperature information to the
timing control circuit via serial communication.

[0033] Inatwelfthaspect of the present invention, based on
the ninth or tenth aspect of the invention, the temperature
sensor is provided in the timing control circuit.

[0034] Inathirteenth aspect of the present invention, based
on the first aspect of the invention, the pixel forming portion
includes a thin-film transistor having a control terminal con-
nected to the scanning signal line, a first conductive terminal
connected to the data signal line, a second conductive termi-
nal connected to a pixel electrode to which the correction
voltage or the signal voltage is to be applied, and a channel
layer formed of an oxide semiconductor.

[0035] Inafourteenth aspectofthe present invention, based
on the first aspect of the invention, the pixel forming portion
includes a thin-film transistor having a control terminal con-
nected to the scanning signal line, a first conductive terminal
connected to the data signal line, a second conductive termi-
nal connected to a pixel electrode to which the correction
voltage or the signal voltage is to be applied, and a channel
layer formed of either an amorphous semiconductor or a
polycrystalline semiconductor.

[0036] In a fifteenth aspect of the present invention, based
on any of the first through fourteenth aspects of the invention,
the liquid crystal display device is driven by dot-by-dot inver-
sion drive, line-by-line inversion drive, column-by-column
inversion drive, or frame-by-frame inversion drive in the
alternating-voltage drive mode.
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[0037] A sixteenth aspect of the present invention is
directed to a method for driving aliquid 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 sub-
jecting an input image signal to a tone emphasizing process
for emphasizing a temporal change in the signal or an image
signal being an 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 cor-
rected image signal or signal voltages in accordance with the
image signal, the method including the steps of:

[0038] outputting the corrected image signal at least during
the first of a plurality of drive frames provided in a drive
period;

[0039] outputting the image signal during the last drive

frame, wherein the signal voltage has the same polarity as the
correction voltage and an absolute value less than or equal to
an absolute value of the correction voltage; and
[0040] setting a pause period following the drive period
and lasting until the start of the next drive period.

Effects of the Invention

[0041] In the first aspect of the present invention, the cor-
rection 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 during the
lastdrive frame. At this time, the correction voltages in accor-
dance with the corrected image signal have the same polarity
as the signal voltages in accordance with the image signal,
and also have absolute values greater than or equal to absolute
values of the signal voltages. As a result, a decrease in lumi-
nance at the time of writing the signal voltages is suppressed
significantly, so that the viewer barely recognizes flicker.
Thus, image display quality can be enhanced.

[0042] 1Inthe second aspect of the present invention, when
the tone emphasizing process is performed, the adder circuit
provided in the correction circuit outputs the corrected image
signal, which is obtained by correcting the grayscale values
for the input image signal with the correction values provided
by the table, and thereafter, the adder circuit outputs the input
image signal without correcting the grayscale values. As a
result, a decrease in luminance at the time of writing the signal
voltages is suppressed significantly, regardless of the gray-
scale values for the input image signal, so that the viewer
barely recognizes flicker.

[0043] Inthe third 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 of a liquid crystal with a slow response speed,
liquid crystal molecules can be reliably oriented in the direc-
tion of an applied voltage.

[0044] In the fourth 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 cor-
rected image signal, which is obtained by correcting the gray-
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scale values for the input image signal with the correction
values 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 pro-
cess is performed only when images with essentially equal
grayscale values are displayed successively, and thereafter,
normal drive is performed. As a result, the viewer barely
recognizes flicker. Moreover, the size of the table can be
reduced, resulting in reduced cost for the liquid crystal dis-
play device. In 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 rather
than by the second drive frame. Setting no second drive frame
reduces power consumption by the liquid crystal display
device.

[0045] Inthe fifth 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 values 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.

[0046] Inthe sixth 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 stor-
ing 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 erystal 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.

[0047] The seventh aspect of the present invention elimi-
nates the need to determine whether the grayscale values for
the previous and current frames are equal, and hence elimi-
nates the need for the comparator circuit. Inaddition, 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 size. Thus,
it is possible to reduce the production cost for the liquid
crystal display device.

[0048] In the eighth aspect of the present invention, the
adder circuit has stored one correction value which can be
used in subjecting the input image signal to the tone empha-
sizing process regardless of the grayscale values for the input
image signal, and therefore, the need for both the table and the
adder circuit is eliminated. Thus, the production cost for the
liquid crystal display device can be further reduced.

[0049] In the ninth 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 an ambient tempera-
ture 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 volt-
ages can be suppressed so that the viewer barely recognizes
flicker.

[0050] The tenth aspect of the present invention includes
the nonvolatile memory for storing data items for different
correction values for predetermined temperature ranges, and
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the nonvolatile memory provides the table with one of the
data items that is selected on the basis of temperature infor-
mation. 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 informa-
tion provided by the temperature sensor. Thus, the number of
tables can be reduced, resulting in reduced production cost for
the liquid crystal display device.

[0051] In the eleventh aspect of the present invention, the
temperature sensor is provided on the insulating substrate,
and provides the temperature information to the timing con-
trol circuit via serial communication, and the temperature
sensor can be provided in any position on the insulating
substrate.

[0052] In the twelfth 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 liquid crystal display device can be reduced.

[0053] In the thirteenth 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 provided even during pause
drive.

[0054] Inthe 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 amor-
phous semiconductor or a polycrystalline semiconductor.
Thus, a liquid crystal display device which can be produced at
low cost is allowed to display an image, such as a black-and-
white image, which can be displayed with two luminance
values.

[0055] 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, col-
umn-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. This
allows the viewer to barely recognize flicker, and also con-
tributes to enhanced image display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG. 1isa block diagram illustrating the configura-
tion of a liquid crystal display device according to a first
embodiment of the present invention.

[0057] FIG. 2 is a diagram showing an example of the
configuration of an LUT used in the liquid crystal display
device shown in FIG. 1.

[0058] FIG. 3isadiagram illustrating equivalent circuits of
pixel forming portions included in the liquid crystal display
device shown in FIG. 1.

[0059] FIG. 4 is a diagram showing temporal changes in a
signal voltage written in liquid crystal capacitance where
1GZO-TFTs are used as switching elements of the pixel form-
ing portions in the liquid crystal display device shown in FIG.
1

[0060] FIG. 5 is a diagram describing pause drive by the
liquid crystal display device shown in FIG. 1.
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[0061] FIG. 6 is a diagram showing changes in luminance
where pause drive is performed on the liquid crystal display
device shown in FIG. 1.

[0062] FIG. 7 is a diagram describing pause drive by a
liquid crystal display device according to a first variant of the
liquid crystal display device shown in FIG. 1.

[0063] FIG. 8isa diagram describing another type of pause
drive by the liquid crystal display device according to the first
variant of the liquid crystal display device shown in FIG. 1.
[0064] FIG.9 isa diagram showing temporal changes in a
signal voltage written in liquid crystal capacitance where
a-TFTs are used as switching elements of pixel forming por-
tions in a liquid crystal display device according to a second
variant of the liquid crystal display device shown in FIG. 1.
[0065] FIG. 10 is a diagram showing the relationship
between signal voltage and luminance where a-TFTs are used
as the switching elements of the pixel forming portions in the
liquid crystal display device according to the second variant
of the liquid crystal display device shown in FIG. 1.

[0066] FIG. 11 is a diagram schematically showing
changes in luminance wherea-TFTs are used as the switching
elements of the pixel forming portions in the liquid crystal
display device according to the second variant of the first
embodiment.

[0067] FIG. 12 is a block diagram illustrating the configu-
ration ofa liquid crystal display device according to a second
embodiment of the present invention.

[0068] FIG. 13 is a diagram showing an example of the
configuration of an LUT used in the liquid crystal display
device shown in FIG. 12.

[0069] FIG. 14 is a diagram describing pause drive in the
liquid crystal display device shown in FIG. 12 where gray-
scale values for previous and current frames are the same.
[0070] FIG. 15 is a diagram describing pause drive in the
liquid crystal display device shown in FIG. 12 where the
grayscale values for the previous and current frames are dif-
ferent.

[0071] FIG.161s ablock diagram ofa liquid crystal display
device according to a first variant of the second embodiment
of the present invention.

[0072] 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.

[0073] FIG. 18 is a diagram describing pause drive in the
liquid crystal display device shown in FIG. 16 where gray-
scale values for previous and current frames are the same.
[0074] 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 dif-
ferent.

[0075] FIG. 20 is a diagram describing pause drive in a
liquid crystal display device according to a second variant of
the second embodiment of the present invention where gray-
scale values for previous and current frames are the same.
[0076] FIG.21isablock diagram ofa liquid crystal display
device according to a third embodiment of the present inven-
tion.

[0077] FIG. 22 is a diagram showing an LUT for room
temperature foruse in the liquid crystal display device shown
in FIG. 21.

[0078] FIG. 23 is a diagram showing an LUT for high
temperature foruse in the liquid crystal display device shown
in FIG. 21.
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[0079] FIG. 24 is a diagram showing an LUT for low tem-
perature for use in the liquid crystal display device shown in
FIG. 21.

[0080] FIG. 25 is a block diagram illustrating the configu-
ration of a liquid crystal display device according to a first
variant of the second embodiment of the present invention.
[0081] FIG. 26 is a block diagram illustrating the configu-
ration of a liquid crystal display device according to a second
variant of the second embodiment of the present invention.
[0082] FIG. 27 is a block diagram illustrating the configu-
ration ofanother liquid crystal display device according to the
second variant of the second embodiment of the present
invention.

[0083] FIG. 28 is a block diagram illustrating the configu-
ration of a liquid crystal display device according to a fourth
embodiment of the present invention.

[0084] FIG. 29 is a diagram describing pause drive by the
liquid crystal display device shown in FIG. 28.

[0085] FIG. 30 is a diagram describing a conventional
method for performing pause drive in an alternating-voltage
drive mode.

[0086] FIG. 31 is a diagram schematically illustrating
changes in luminance where pause drive is performed as
shown in FIG. 30.

MODES FOR CARRYING OUT THE INVENTION

[0087] <I. First Embodiment>

[0088] <1.1 Configuration of the Liquid Crystal Display
Device>

[0089] FIG. 1isa block diagram illustrating the configura-

tion of a liquid crystal display device 100 according to a first
embodiment of the present invention. The liquid crystal dis-
play 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 cor-
rection circuit 40.

[0090] 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 por-
tions arranged in the same row, whereas each data signal line
is connected to pixel forming portions arranged in the same
column.

[0091] A horizontal synchronization signal and a vertical
synchronization signal are inputted to the timing control cir-
cuit 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.

[0092] Furthermore, the timing control circuit30 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 liquid crystal
display device 100 sets a drive period in which overshoot
voltages (also referred to as “correction voltages™) or signal
voltages are written to drive the liquid crystal panel 10, as well
as a pause period in which the writing is paused. In the drive
period, the pause drive control circuit 31 activates the ampli-
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fier 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 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 analog amplifier. In this manner, the pause drive
control circuit 31 can set the drive period and the pause period
arbitrarily.

[0093] The scanning signal line driver circuit 20 drives the
scanning signal lines of the liquid crystal panel 10 in accor-
dance 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 cor-
rected image signal outputted by the correction circuit 40 into
signal voltages, which are analog voltages, in accordance
with the control signals generated by the timing control cir-
cuit 30, and writes the signal voltages to the data signal lines.
Moreover, overshoot voltages, which are generated in a man-
ner to be described later, are written to the data signal lines.
Note that the data signal line driver circuit 25 writes the signal
voltages and the overshoot 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.

[0094] Note that 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. Specifi-
cally, signal voltages, which are inverse in polarity and are
outputted simultaneously for each adjacent pair of data signal
lines, are inverted in polarity every scanning signal line.
Accordingly, any pixel forming portion having a signal volt-
age 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 polarity written therein
is surrounded by pixel forming portions having signal volt-
ages of the positive polarity written therein.

[0095] 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 exter-
nally 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 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 corre-
lated with grayscale values for the previous and current
frames, as will be described later. When the LUT 70 is pro-
vided 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”.

[0096] The adder circuit 50 is connected to the frame
memory 60, and the input image signal stored in the frame
memory 60 is provided to the adder circuit 50. When over-
shoot voltages are written, the input image signal is provided
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to the adder circuit 50 immediately after the signal is stored in
the frame memory 60. The adder circuit 50 generates a cor-
rected image signal by adding a correction value for the
grayscale value for the current frame provided by the LUT 70
to the input image signal, and outputs the generated signal to
the data signal line driver circuit 25.

[0097] Next, the input image signal stored in the frame
memory 60 is provided to the adder circuit 50. The input
image signal is 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 cor-
rection. Note that in some cases herein, a signal obtained by
adding a correction value to the input image signal by the
adder circuit 50 might be referred to as a corrected image
signal, and a signal to which no correction value has been
added might be referred to as an image signal.

[0098] FIG. 2 is a diagram showing an example of the
configuration of the LUT 70 used 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 combina-
tions 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 cor-
rection value is 6 in the LUT 70. The LUT 70 provides this
correction value to the adder circuit 50, so that the adder
circuit 50 generates a corrected image signal for the grayscale
value “166” by adding the correction value “6” to the gray-
scale value “160” for an input image signal directly provided
from outside (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 over-
shoot voltages corresponding to the corrected image signal,
and writes them to the data signal lines SL. In this manner,
overshoot drive (also referred to as a “tone emphasizing pro-
cess”) is performed.

[0099] Note that the liquid crystal display device 100 will
be described herein as a display device capable of displaying
256 grayscale values inthe grayscale range from 0t0 255, 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 reason for this is to avoid the LUT 70
becoming excessively large, and any correction values not
listed in the LUT 70 but corresponding to grayscale values for
the previous and current frames are obtained by well-known
interpolation operations. Note that the configuration of the
LUT 70 shown in FIG. 2 is merely an example, and any LUT
having more or fewer grayscale values for the previous and
current frames than the LUT 70 may be used.

[0100] <1.2 Configuration of the Pixel Forming Portion>
[0101] FIG. 3isadiagram illustrating equivalent circuits of
pixel forming portions 15 included in the liquid crystal dis-
play 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 line SL passing through the inter-
section, a pixel 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 form-
ing portions 15, and a liquid crystal layer provided commonly
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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 com-
mon voltage generating circuit (not shown). Note that it is
often the case that auxiliary capacitance is provided parallel
to the liquid crystal capacitance Cclin order to reliably main-
tain the voltage in the pixel capacitance, but the pixel capaci-
tance will be described herein as being formed solely by the
liquid crystal capacitance Ccl.

[0102] The TFT 16 shown in FIG. 3 functions as a switch-
ing element, which is turned on to write a signal voltage in the
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 chan-
nel layer (referred to below as an “oxide TFT”) is used as a
TFT 16. More specifically, the channel layer of the TFT 16 1s
formed of InGaZnOx, which is mainly composed of indium
(In), gallium (Ga), zinc (Zn), and oxygen (O). In the follow-
ing, such a TFT with InGaZnOx used in a channel layer will
be referred to as an “IGZO-TFT”.

[0103] 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., +7V)is 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
1GZO-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. In 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.

[0104] Note that similar effects can be achieved even in the
case where an oxide semiconductor, other than InGaZnOx,
which includes, for example, at least one of the following:
indium; gallium; zinc; copper (Cu); silicon (Si); tin (Sn);
aluminum (Al); calcium (Ca); germanium (Ge); and lead
(Pb), is used in a channel layer.

[0105] <1.3 Operation during Pause Drive>

[0106] FIG. 5 is a diagram describing pause drive by 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. In
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 line driver circuit 25, thereby
stopping the operation of the data signal line driver circuit 25
and/or the scanning signal line driver circuit 20. Note that the
drive period herein is divided into a first drive period in which
overshoot voltages are written and a second drive period in
which signal voltages are written. Moreover, each drive
period is divided into first and second drive frames, and a
frame in the pause period is referred to as a pause frame. The
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overshoot voltage and the signal voltage might be referred to
simply as voltages when they are not distinguished.

[0107] As shown in FIG. 5, the pause period and the drive
period are set so as to alternate with each other, and one drive
period and an immediately succeeding pause period are col-
lectively 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, so that as shown in FIG. 5, the
polarity of the voltages is positive during odd pause drive
periods and negative during even pause drive periods.
[0108] In FIG. 5, the grayscale value for the input image
signalis always constant during each pause drive period. This
is because it is taken into consideration that the images dis-
played on the liquid crystal panel 10 by pause drive are mostly
still images. Note that the present invention is not limited by
still images, and may be applicable to any images suitable for
pause drive.

[0109] The first and second drive frames are set consecu-
tively 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.,
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. The adder circuit 50 adds the correction value provided by
the LUT 70 to the grayscale value for the current frame for the
input image signal provided by the frame memory 60, thereby
generating a corrected image signal, and outputs the gener-
ated signal to the data signal line driver circuit 25. The cor-
rected 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 “OS” 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 drive for the first pause drive period is per-
formed.

[0110] Inthe 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 addi-
tion of a correction value. The image signal is written to the
data signal lines SL after conversion to analog signal volt-
ages, 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.
[0111] In this manner, during the first drive frame, over-
shoot 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 written by
normal drive is displayed continues until the start of a drive
period in the second pause drive period.

[0112] The first and second drive frames are set consecu-
tively also within each drive period of the second pause drive
period. In this case, as in the first pause drive period, over-
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shoot drive is performed during the first drive frame using a
correction value provided by the LUT 70, and normal drive is
performed during the second drive frame. However, unlike in
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 written by normal drive is displayed continues until the
start of a drive period in the third pause drive period.

[0113] Thereafter, in each odd pause drive period, over-
shoot drive is similarly performed by writing overshoot volt-
ages of the positive polarity. Then, normal drive is performed
by writing signal voltages of the positive polarity, and fol-
lowed by a pause period. Moreover, during an even pause
drive period, overshoot drive is performed by writing over-
shoot voltages of the negative polarity. Then, normal drive is
performed by writing signal voltages of the negative polarity,
and followed by a pause period.

[0114] <I.4 Effects>

[0115] FIG. 6 is a diagram showing changes in luminance
where pause drive is performed on the liquid crystal display
device 100. When compared to FIG. 31 showing changes in
luminance for a conventional case, it can be appreciated from
FIG. 6 that a decrease in luminance immediately after signal
voltages are written during a second drive period is sup-
pressed significantly. As a result, flicker is almost unrecog-
nizable by the viewer, so that the quality of an image dis-
played on the liquid crystal panel 10 is improved.

[0116] Note that normal drive is performed after overshoot
drive, and therefore, the signal voltages written to the data
signal lines SL at the end of the drive period have voltage
values corresponding to the inputimage signal. Moreover, the
1GZO-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 decreased immediately
after the writing of the signal voltages returns to its original
value during the following pause period.

[0117] <I1.5 First Variant>

[0118] In the above embodiment, both overshoot drive and
normal drive are performed once during the 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 drive is performed more than once, and thereafter,
normal drive is performed once.

[0119] The configuration of a liquid 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. 7 is a diagram
describing pause drive in the present variant. As shown in
FIG. 7, overshoot drive is performed twice in succession
during a drive period in a first pause drive period, and then,
normal drive is performed once.

[0120] 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 respounse speed, liquid crystal molecules can be reli-
ably oriented in the same direction as applied voltages. Note
that in the present variant, overshoot drive is set to be per-
formed twice, but it may be performed three or more times if
the response speed of the liquid crystal is slower.

[0121] Furthermore, in the case of the overshoot drive
shown in FIG. 7, 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

Aug. 20,2015

different, and for example, overshoot drive may be performed
by writing overshoot voltages whose values decrease gradu-
ally, as shown in FIG. 8.

[0122] Note that in any of the cases, it is necessary to
display 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 is performed in the last drive frame of the
drive period.

[0123] <1.6 Second Variant>

[0124] Intheabove embodiment, the TET of the pixel form-
ing portion 15 is the IGZO-TFT 16. However, it may bea TFT
whose channel layer is made of amorphous silicon (Si) or
polycrystalline silicon. In the following, the TFT whose chan-
nel layer is made of amorphous silicon will be referred to as
an “a-TFT”, and the TFT whose channel layer is made of
polycrystalline silicon 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 to the data signal line SL falls in a short period of time.
[0125] Therefore, a second variant of the present embodi-
ment will be described with respect to a liquid crystal display
device in which the a-TFTs or the p-TFTs are used as the
switching elements of the pixel forming portions 15. The
configuration of the liquid crystal display device is the same
as that of the liquid crystal display device 100 shown in FIG.
1, except that the a-TFTs or the p-TFTs are used in place of
InGaZnOx, and therefore, any description and block diagram
thereof will be omitted.

[0126] FIG.9isadiagram showing temporal changes in the
signal voltage written in the liquid crystal capacitance where
the a-TFTs are used as the switching elements of the pixel
forming portions 15 in the present variant. As shown in FIG.
9, 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 falls 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.

[0127] However, in the liquid crystal display device using
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. 10. 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 is not suitable for displaying a mul-
titone 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 forming RGB color filters
to the surface of the liquid crystal panel, it is rendered possible
to display an image represented by nine colors, including
black.

[0128] FIG. 11 is a diagram schematically showing
changes in luminance where a-TFTs are used as the switching
elements of the pixel forming portions in the present variant.
Unlike in FIG. 31 where the IGZO-TFTs are used, the lumi-
nance increases when the signal voltage is written at the
beginning of each pause drive period. However, thereafter,
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the written signal voltage falls because of the off-leakage
current of the a-TFT, so that the luminance falls as well. By
adjusting the pause period such that the next writing is per-
formed when the signal voltage falls approximately 5V, the
luminance is caused to rise again when the signal voltage is
written during the next pause drive period. In 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 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 TET
whose channel layer is made of a semiconductor such as
amorphous silicon-germanium (SiGe) or polycrystalline sili-
con-germanium.

[0129] <2. Second Embodiment>

[0130] <2.1 Configuration of the Liquid Crystal Display
Device>

[0131] FIG. 12 is a block diagram illustrating the configu-

ration of a liquid 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. 12
includes aliquid 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. Among these compo-
nents, the correction circuit 40 differs in configuration from
that shown in FIG. 1. Accordingly, in FIG. 12, 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, any descriptions thereof will be omitted, and
different components will be described mainly. As shown in
FIG. 12, the liquid crystal display device 200 uses an LUT
270 to be described later, in place of the LUT 70 shown in
FIG. 1.

[0132] FIG. 13 is a diagram showing an example of the
configuration of the LUT 270 used in the liquid crystal dis-
play device 200. As shown in FIG. 13, the LUT 270 has stored
therein correction values for emphasizing temporal changes
in the input image signal, such that the correction values are
only 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 correc-
tion 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.

[0133] 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 gray-
scale value 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,
and outputs the generated signal to the data signal line driver
circuit 25.

[0134] 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
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the data signal line driver circuit 25 as an image signal without
adding a correction value to the grayscale value for the current
frame.

[0135] 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 corre-
sponds to the grayscale value “32” for both the previous and
current frames, to the grayscale value for the current frame.

[0136]

[0137] FIG. 14 is a diagram describing pause drive in the
present embodiment where the grayscale values for the pre-
vious and current frames are the same, and FIG. 15 is a
diagram describing pause drive where the grayscale values
for the previous and current frames are different. The pause
drive shown in F1G. 14 is the same as that described in the first
embodiment, and therefore, any description thereof will be
omitted.

[0138] In the case where the grayscale values for the pre-
vious and current frames are different, also, first and second
drive frames are set consecutively within a drive period of a
first pause drive period, as shown in FIG. 15. In the first drive
frame, the grayscale values for the previous and current
frames are the same, and therefore, a corresponding correc-
tion value in the LUT 270 is provided to the adder circuit 50.
The adder circuit 50 generates a corrected image signal by
adding the correction value to the grayscale value for an input
image signal provided by the frame memory 60 (i.e., the
grayscale value for the current frame), and outputs the gen-
erated 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 than a voltage
that corresponds to the input image signal. As a result, over-
shoot drive is performed. Note that the polarity of the over-
shoot drive voltages is positive.

[0139] Inthe 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 ST
after conversion to signal voltages with values corresponding
to the input image. The polarity of the signal voltages is also
positive.

[0140] In this manner, in the first pause drive period, over-
shoot drive is performed first, and thereafter, normal drive is
performed. When the signal voltages of the positive polarity
are written to the data signal lines SL, a pause period in which
an image written by normal drive is displayed continues
thereafter until the start of a drive period in the second pause
drive period.

<2.2 Operation during Pause Drive>
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[0141] 1Inthe drive period ofthe second pause drive period,
unlike in the first pause drive period, the grayscale values for
the previous and current frames are different.

[0142] Accordingly, when the adder circuit 50 is provided
with the input image signal from the frame memory 60 in the
first drive frame, the adder circuit 50 outputs the signal with-
out addition of a correction value. As a result, overshoot drive
1s not performed. In the second drive frame also, when the
inputimage 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 addition of a correction value. The
image signal is written to the data signal lines SL after con-
version to signal voltages with values corresponding to the
input image signal. In this manner, the voltages with the same
values are outputted in the first and second drive frames, and
therefore, the result is the same as if normal drive were pet-
formed twice. Note that the polarity of these voltages is nega-
tive.

[0143] 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 volt-
ages of the negative polarity without addition of a correction
value, and followed by a pause period.

[0144] Note thatin the case where the response speed of the
liquid crystal is fast, if the grayscale values for the previous
and current frames are different, the first and second drive
frames are not set in succession, and only the first drive frame
may be set so as to be followed by a pause period rather than
by the second drive frame. Setting no second drive frame
reduces power consumption by the liquid crystal display
device.

[0145] <2.3 Effects>

[0146] Flicker is recognizable when the same image con-
tinues to be displayed. Accordingly, in the present embodi-
ment, overshoot drive is performed only when images with
essentially the same grayscale value are displayed in succes-
sion, and thereafter, normal drive is performed. This allows
the viewer to barely recognize flicker. 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 drive being performed. This allows a reduction in
the size of the LUT 270, resulting in reduced cost of the liquid
crystal display device 200.

[0147] <2.4 First Variant>

[0148] FIG.161sablock diagram ofaliquid crystal display
device 300 according to a first variant of the present embodi-
ment. As with the liquid crystal display device 100 shown in
FIG. 1, the liquid crystal display device 300 shown in FIG. 16
includes aliquid 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. Among these compo-
nents, the correction circuit 40 differs in configuration from
that shown in FIG. 1. Accordingly, in FIG. 16, 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, any descriptions thereof will be omitted, and
different components will be described mainly.

[0149] As shown in FIG. 16, the correction circuit 40
includes frame memory 60, an adder circuit 50, and an LUT
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70, 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. 17
is a diagram showing an example of the configuration of an
LUT 370 used in the present variant. Unlike the LUT 70
shown in FIG. 2, the LUT 370 has only stored therein correc-
tion values corresponding to grayscale values for the current
frame. In this manner, the correction value is determined by
the grayscale value for the current frame, regardless of the
grayscale value for the previous frame.

[0150] Accordingly, unlike in the second embodiment, the
adder circuit 50 generates a corrected image signal by adding
correction values stored in the LUT 370 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.

[0151] <2.4.1 Operation during Pause Drive>

[0152] FIG. 18 is a diagram describing pause drive where
the grayscale values for the previous and current frames are
the same, and FIG. 19 is a diagram describing pause drive
where the grayscale values for the previous and current
frames are different.

[0153] Inany of the cases, firstand second drive frames are
set consecutively within a drive period of a first pause drive
period. In 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 an input image signal
provided by the frame memory 60 (i.c., a grayscale value for
the current frame), the adder circuit 50 generates a corrected
image signal by adding the correction value to the grayscale
value for the current frame, and 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 than the voltage that corresponds to
the input image signal. The polarity of the analog signal
voltages is positive. As a result, overshoot drive is performed.
[0154] Inthe 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.

[0155] 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
in which an image written by normal drive is displayed con-
tinues until the start of a drive period in the second pause drive
period.

[0156] In the drive period of the second pause drive period
also, first and second drive frames are set consecutively. In
this case, as in the first pause drive period, overshoot drive is
performed in the first drive frame in accordance with a cor-
rected image signal obtained by adding a correction value
provided by the LUT 370 to the grayscale value for the current
frame, and normal drive is performed in the second drive
frame. However, in any of the drive frames, voltages of the
negative polarity are written. Thereafter, a pause period in
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which an image written by normal drive is displayed contin-
ues until the start of a drive period in the third pause drive
period.

[0157] Thereafter, similarly, in each odd pause drive
period, overshoot drive is performed by writing overshoot
voltages of the positive polarity. Then, normal drive is per-
formed 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 over-
shoot voltages of the negative polarity. Then, normal drive is
performed by writing signal voltages of the negative polarity,
and followed by a pause period.

[0158] In this manner, in the present variant, regardless of
whether the grayscale values for the previous and current
frames are equal, overshoot drive is performed only on the
basis of the grayscale value for the current frame. Accord-
ingly, in the present variant, unlike in the second embodiment,
it is necessary to always perform normal drive in the second
drive frame, and the second drive frame drive cannot be
omitted.

[0159] <2.4.2 Effects>

[0160] The present variant achieves the same effects as
those achieved by the second embodiment, and further, elimi-
nates 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 pro-
duction cost for the liquid crystal display device 300 can be
further reduced.

[0161] <2.5 Second Variant>

[0162] Inthe first variant, the amount of correction stored in
the LUT 370 is the same 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.

[0163] However, the direction in which liquid crystal mol-
ecules tend or do not tend to be oriented might depend on the
direction of a voltage applied to the liquid crystal layer, and
therefore, the response speed of the liquid crystal might vary
among directions of applied voltages. In such a case, even if
the grayscale values for the previous and current frames are
the same, it is necessary to change the overshoot voltages in
accordance with the direction of the applied voltage. Accord-
ingly, the correction circuit of the liquid crystal display device
is provided with an LUT (also referred to as a “first table”)
having 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 oppo-
site direction. Note that configuration examples of the LUTs
are omitted in the present variant.

[0164] FIG. 20 is a diagram describing pause drive in the
liquid crystal display device according to the present variant
where the grayscale values for the previous and current
frames are the same. Unlike in the case shown in FIG. 18,
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 voltage value is
higher in the case where the polarity changes from negative to
positive than in the opposite case. Such overshoot drive is
performed by setting the correction values in the LUT used in
the case where the polarity changes from negative to positive,
higher than the correction values in the LUT used in the case
where the polarity changes from positive to negative.
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[0165] Accordingly, evenifthe response speed of the liquid
crystal varies between the case where the polarity of the
voltage applied to the liquid crystal layer changes from posi-
tive to negative and the case where the polarity changes from
negative to positive, the decrease in luminance at the time of
writing due to the direction of the applied voltage can be kept
down to approximately the same level. Thus, the viewer
barely recognizes flicker.

[0166] Notethatthe present variant can be applied similarly
not only to the case where the grayscale values for the previ-
ous and current frames are the same but also to the case where
they are different. In addition, even in the case where the
voltage value is 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.

[0167] <3. Third Embodiment>

[0168] When the viscosity of the liquid crystal changes
because of an ambient temperature change around the liquid
crystal display device, the response speed of the liquid crystal
display device changes conspicuously. Accordingly, if over-
shoot 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 tempera-
ture, and therefore, cannot be increased sufficiently, so that
overshoot drive cannot achieve its full effect. On the other
hand, if overshoot drive is performed at high temperature,
overshoot drive brings an excessive effect, resulting in overly
emphasized display. Therefore, liquid crystal display devices
for use in a wide range of temperatures preferably have a
plurality of LUTs so that optimized overshoot drive can be
performed with addition of optimal correction values suitable
for the temperature.

[0169] <3.1 Configuration of the Liquid Crystal Display
Device>
[0170] FIG.21is ablock diagram of a liquid crystal display

device 400 according to a third embodiment of the present
invention. The liquid crystal display device 400 shown in
FIG. 21 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 LUTSs 470. Note that in FIG. 21, 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, any descriptions thereof will be omitted, and different
components will be described mainly.

[0171] FIG. 22 is adiagram showing an LUT 470a forroom
temperature for use in the liquid crystal display device 400,
FIG. 23 is a diagram showing an LUT 4705 for high tempera-
ture, and FIG. 24 is a diagram showing an LUT 470¢ for low
temperature. As can be appreciated from FIGS. 22 to 24,
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 4705 for high temperature. From
the above, it can be appreciated that overshoot drive at low
temperature at which the response speed of the liquid crystal
tends to decrease is emphasized most, and followed by over-
shoot at room temperature, and overshoot drive at high tem-
perature is the least effective.

[0172] 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 sen-
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sor 35 is provided in the timing control circuit 30, and one of
the LUTs 470a to 470¢ s selected on the basis of temperature
information from the temperature sensor 35. Once one of the
LUTSs 470a to 470c¢ is selected, overshoot voltages are gen-
erated to perform overshoot drive as in the above embodi-
ments.

[0173] 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 4705 for high temperature is used at 40° C. or
higher, and the LUT 470¢ 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 LUTSs 470 is not limited to three, and can be set to
two or even four or more in accordance with the temperature
range in which the liquid crystal display device 400 is used.
[0174] InFIG. 21, 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. In 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 4704 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 informa-
tion to the timing control circuit 30 via serial communication,
the temperature sensor can be disposed in any position on the
insulating substrate. Moreover, in the case where the tem-
perature 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.

[0175] <3.2 Effects>

[0176] Inthe presentembodiment, one of the LUTs 470a to
470c is selected in accordance with the ambient temperature
around the liquid crystal display device 400 to perform over-
shoot drive, and therefore, the overshoot drive can be opti-
mized 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.

[0177] <3.3 First Variant>

[0178] FIG. 25 is a block diagram illustrating the configu-
ration ofa liquid crystal display device 500 according to a first
variant of the present embodiment. As shown in FIG. 25, the
liquid crystal display device 500 has the same configuration
as that of the liquid crystal display device 400 shown in FIG.
21, except that nonvolatile memory 575 is provided in the
correction circuit 40, temperature information from the tem-
perature sensor 35 is provided to the nonvolatile memory 575,
and the number of LUTs 70 is decreased from three to one.
Note that in FIG. 25, the same components as those shown in
FIGS. 1 and 21 are denoted by the same reference characters
as those assigned to the components shown in FIGS. 1 and 21,
any descriptions thereof will be omitted, and different com-
ponents will be described mainly.

[0179] 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 70. As a result,
correction values correlated with the grayscale values for the
previous and current frames can be read, as in the case shown
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in FIG. 21. The subsequent operations are the same as in the
third embodiment, and therefore, any descriptions thereof
will be omitted.

[0180] 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 70
is provided, and the correction values that should be stored in
aplurality 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 70. As a
result, the number of LUTs can be reduced, resulting in
reduced production cost for the liquid crystal display device
500.

[0181] <3.4 Second Variant>

[0182] FIG. 26 is a diagram illustrating a liquid crystal
display device 600, which is equivalent to the liquid crystal
display device 400 shown in FIG. 21 without the comparator
circuit, and FIG. 27 is a diagram illustrating a liquid crystal
display device 700, which is equivalent to the liquid crystal
display device 500 shown FIG. 25 without the comparator
circuit. The liquid crystal display device 600 shown in FIG.
26 has three LUTs 670a to 670¢ for different temperature
ranges, which have stored therein correction values only cor-
responding to grayscale values for the current frame, 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. Moreover, in the
liquid crystal display device 700 shown in

[0183] FIG. 27, data for three types of correction values
only corresponding to grayscale values for the current frame
is stored in nonvolatile memory 575 for different temperature
ranges, and in accordance with temperature information pro-
vided by the temperature sensor 35, data for corresponding
correction values is transferred to the LUT 70.

[0184] The liquid crystal display device 600 does not have
any comparator circuit, and therefore, as with the LUT 370
shown in FIG. 17, the LUTs 670a to 670¢ have only stored
therein correction values corresponding to the grayscale val-
ues 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 generates a corrected image
signal by adding correction values stored in one of the LUTs
670a 10 670¢ selected in accordance with the temperature to
all grayscale values for the current frame, regardless of gray-
scale values for the previous frame, and outputs the generated
signal to the data signal line driver circuit 25.

[0185] Likewise, the liquid crystal display device 700 does
not have any comparator circuit, and therefore, as with the
LUT 370 shown in FIG. 17, the nonvolatile memory 575 has
only stored therein correction values corresponding to gray-
scale values for the current frame. In this manner, the correc-
tion values are determined 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 non-
volatile memory 575 for different 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
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in the liquid crystal display device 400 shown in FIG. 21 or
the liquid crystal display device 500 shown in FIG. 25, and
therefore, any description thereof will be omitted.

[0186] The present variant further eliminates the need for
the comparator circuit, resulting in further reduced produc-
tion cost for the liquid crystal display devices 600 and 700.
[0187] <4.Fourth Embodiment>

[0188] Inthe above embodiments, the LUTSs have prestored
correction values correlated with grayscale values for both
the previous and current frames or only for the current frame.
The adder circuit 50 generates a corrected image signal by
adding correction values provided by the LUTs to the gray-
scale values for the current frame, and outputs the generated
signal to the data signal line driver circuit 25. However, the
adder circuit 50 may have only one correction value stored
therein, and use the correction value to correct the grayscale
values for the current frame, regardless of the grayscale val-
ues for the current frame.

[0189] <4.1 Configuration of the Liquid Crystal Display
Device>
[0190] FIG. 28 is a block diagram illustrating the configu-

ration of a liquid crystal display device 800 according to a
fourth embodiment of the present invention. The liquid crys-
tal display device 800 shown in F1G. 28 differs from the liquid
crystal display device 100 shown in FIG. 1 in that the correc-
tion circuit 40 includes neither the comparator circuit nor the
LUT. Accordingly, a correction value required for generating
overshoot voltages is always set constant regardless of the
grayscale value for the current frame, and is stored in the
adder circuit 50. Note that in FIG. 28, 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, any descriptions thereof will be omitted, and different
components will be described mainly.

[0191] FIG. 29 is a diagram describing pause drive in the
present embodiment. As shown in FIG. 29, first and second
drive frames are set consecutively within each pause drive
period. In the first drive frame, an input image signal is
provided to the adder circuit 50 immediately after the signal
is stored in the frame memory 60. The adder circuit 50 gen-
erates a corrected image signal by adding the prestored cor-
rection value to grayscale values for the current frame for the
input image signal, and outputs the generated signal to the
data signal line driver circuit 25. As a result, overshoot drive
can be performed.

[0192] Next, in the second drive frame, the input image
signal stored in the frame memory 60 during the first drive
frame is provided to the adder circuit 50. The adder circuit 50
outputs the input image signal to the data signal line driver
circuit 25 as an image signal without addition of the correc-
tionvalue. As a result, overshoot drive is performed in the first
drive frame, and normal drive is performed in the second
drive frame. Thereafter, an image written by normal drive
continues to be displayed in the following pause period.
[0193] <4.2 Effects>

[0194] The present embodiment achieves similar effects to
those achieved by the first embodiment, and eliminates the
need for the LUT and the adder circuit, resulting in further
reduced production cost for the liquid crystal display device
800.

[0195] <5. Others>

[0196] The liquid crystal display devices according to the
above embodiments and their variants are driven by dot-by-
dotinversion drive. However, in addition to dot-by-dot inver-
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sion 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

[0197] The present invention is applied to liquid crystal
display devices capable of suppressing reduction of display
quality by performing overshoot drive using correction val-
ues provided by an LUT during pause drive immediately
before normal drive is performed to write signal voltages.

DESCRIPTION OF THE REFERENCE

CHARACTERS
[0198] 10 liquid crystal panel
[0199] 15 pixel forming portion
[0200] 16 thin-film transistor (TFT)
[0201] 17 pixel electrode
[0202] 18 common electrode
[0203] 20 scanning signal line driver circuit
[0204] 25 data signal line driver circuit
[0205] 30 timing control circuit
[0206] 35 temperature sensor
[0207] 40 correction circuit
[0208] 50 adder circuit
[0209] 60 frame memory
[0210] 70,270, 370,470, 670 look-up table (LUT)
[0211] 80 comparator circuit
[0212] 100,200,300,400,500,600,700, 800 liquid crystal

display device

[0213] 575 nonvolatile memory
[0214] Cclliquid crystal capacitance
[0215] GL scanning signal line
[0216] SL data signal line

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

a plurality of scanning signal lines;

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

pixel forming portions formed at intersections of the scan-
ning 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 an input
image signal not subjected to the tone emphasizing pro-
cess;

a scanning signal line driver circuit for sequentially select-
ing and scanning the scanning signal lines;

a data signal line driver circuit for writing to the data signal
lines correction voltages in accordance with the cor-
rected image signal outputted by the correction circuit or
signal voltages in accordance with the image signal; 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 consist-
ing of a plurality of drive frames and a pause period
following the drive period and lasting until the start of
the next drive period,
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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 correction voltage in accordance with the corrected
image signal has the same polarity as the signal voltage
in accordance with the image signal and an absolute
value greater than or equal to an absolute value of the
signal voltage.

2. 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 grayscale values for a
current frame for the input image signal and grayscale
values for a previous frame stored in the frame memory;

a table having stored correction values correlated with
combinations of grayscale values for the current and
previous frames for the input image signals; 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 the correction
values correlated with the grayscale values for the cur-
rent and previous frames every time the comparator
circuit provides the grayscale values for the current and
previous frames for the input image signal, and

the adder circuit outputs the corrected image signal by
correcting the grayscale values for the input image sig-
nal with the correction values provided by the table and
also outputs the image signal without correcting the
grayscale values for the input image signal.

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

4. 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 grayscale values for a
current frame for the input image signal and grayscale
values for a previous frame stored in the frame memory;

a table having stored correction values correlated with
combinations of grayscale values for the current and
previous frames for the input image signals when the
grayscale values for the current and previous frames are
equal; and

an adder circuit for outputting either the corrected image
signal or the image signal 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 only when the grayscale values for the
current and previous frames for the input image signal
are essentially equal,

the table provides the adder circuit with the correction
values correlated with the grayscale values for the cur-
rent and previous frames provided by the comparator
circuit,
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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 values for the input image sig-
nal with the correction values provided by the table and
also outputs the image signal without correcting the
grayscale values 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 sig-
nal at least once without correcting the grayscale values
for the input image signal.

5. The liquid crystal display device according to claim 4,
wherein, when the grayscale values for the current and pre-
vious frames for the input image signal are essentially not
equal, the adder circuit outputs the corrected image signals
successively without correcting the grayscale values for the
input image signal.

6. The liquid crystal display device according to claim 4,
wherein,

the comparator circuit further obtains an inverting direc-
tion in which the input image signal is inverted in polar-
ity for each of the drive periods, and

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

7. 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 table having stored correction values correlated with
grayscale values for a current frame for the input image
signal; and

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

the table provides the adder circuit with correction values
corresponding to the grayscale values for the current
frame every time the input image signal is provided, and

the adder circuit outputs the corrected image signal by
correcting the grayscale values for the input image sig-
nal with the correction values provided by the table and
also outputs the image signal without correcting the
grayscale values for the input image signal.

8. The liquid crystal display device according to claim 1,

wherein,

the correction circuit includes:

frame memory for storing the input image signal every
frame; and

an adder circuit for outputting either the corrected image
signal or the image signal in accordance with the input
image signal, and

the adder circuit stores one correction value and outputs the
corrected image signal by correcting the grayscale val-
ues for the input image signal with the correction value,
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while outputting the image signal without correcting the
grayscale values for the input image signal.

9. The liquid crystal display device according to claim 2,
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 tempera-
ture ranges, and

one of the sub-tables is selected in accordance with tem-

perature information provided by the temperature sen-
SO
10. The liquid crystal display device according to claim 2,
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 correc-
tion values for predetermined temperature ranges, and

one of the data items is selected and provided to the table in
accordance with temperature information provided by
the temperature sensor.

11. The liquid crystal display device according to claim 9,
wherein,

the temperature sensor is provided on the insulating sub-

strate, and

the temperature sensor provides the temperature informa-

tion to the timing control circuit via serial communica-
tion.

12. The liquid crystal display device according to claim 9,
wherein the temperature sensor is provided in the timing
control circuit.

13. The liquid crystal display device according to claim 1,
wherein the pixel forming portion includes a thin-film tran-
sistor 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 correction voltage or the signal voltage
is to be applied, and a channel layer formed of an oxide
semiconductor.
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14. The liquid crystal display device according to claim 1,
wherein the pixel forming portion includes a thin-film tran-
sistor 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 correction voltage or the signal voltage
is to be applied, and a channel layer formed of either an
amorphous semiconductor or a polycrystalline semiconduc-
tor.

15. The liquid crystal display device according to claim 1,
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 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 sub-
jecting an input image signal to a tone emphasizing process
for emphasizing a temporal change in the signal or an image
signal being an 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 cor-
rected image signal or signal voltages in accordance with the
image signal, the method comprising the steps of:

outputting the corrected image signal at least during the

first of a plurality of drive frames provided in a drive
period,
outputting the image signal during the last drive frame,
wherein the signal voltage has the same polarity as the
correction voltage and an absolute value less than or
equal to an absolute value of the correction voltage; and

setting a pause period following the drive period and last-
ing until the start of the next drive period.
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