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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 pause drive 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. One drive method which reduces
power consumption in liquid crystal display devices is a drive
method called “pause drive” in which a drive period for
writing a voltage of a drive image signal in accordance with
image data (referred to below as an “image signal voltage™)
by means of the scanning of scanning signal lines is followed
by a pause period in which the writing is paused by rendering
all scanning signal lines inactive. In this pause drive, no
control signals and suchlike are provided to a scanning signal
line driver circuit and a data signal line driver circuit, so that
the operation of the scanning signal line driver circuit and the
data signal line driver circuit is paused, resulting in reduced
power consumption. Note that the pause drive is also referred
to as “low-frequency drive” or “intermittent drive”.

[0003] Forexample, Patent Document 1 describes a display
device in which a liquid crystal module is controlled by a
liquid crystal controller. The liquid crystal module has a nor-
mal drive mode and a pause drive mode. When the liquid
crystal controller receives an operation signal, which speci-
fies the normal operation mode, or a pause signal, which
specifies the pause drive mode, from the liquid crystal mod-
ule, the liquid crystal controller transmits image data, along
with various control signals required for controlling the liquid
crystal module, to the liquid crystal module in accordance
with the received operation signal or pause signal, thereby
performing screen refresh or pausing refresh.

[0004] Furthermore, Patent Documents 2 to 5 also describe
display devices in which pause drive is performed. Specifi-
cally, Patent Document 2 describes a microcomputer which
can achieve low power consumption during a low-power con-
sumption mode while continuing the operation of a specific
peripheral circuit. Patent Documents 3 and 4 describe display
device drive methods which can achieve low power consump-
tion while keeping satisfactory display quality with regard to
brightness, contrast, and the like. Patent Document 5
describes a display device in which circuits with high power
consumption are stopped during non-refresh periods, thereby
reducing power consumption.

CITATION LIST

Patent Documents

[0005] Patent Document 1: International Publication No.
W02010/010898

[0006] Patent Document 2: Japanese Laid-Open Patent
Publication No. 2000-347762

[0007] Patent Document 3: Japanese Laid-Open Patent
Publication No. 2001-278523

[0008] Patent Document 4: Japanese Laid-Open Patent
Publication No. 2002-347762
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[0009] Patent Document 5: Japanese Laid-Open Patent
Publication No. 2004-78124

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0010] However, even in the case where pause drive is
performed on the liquid crystal display device in order to
reduce power consumption, it might be necessary to perform
refresh successively. In such a case, although pause drive is
performed, the liquid crystal display device is essentially in
the same state as it is driven normally, so that power consump-
tion is not reduced.

[0011] Therefore, an objective of the present invention is to
provide a liquid crystal display device capable of reliably
reducing power consumption during pause drive by control-
ling the timing of performing refresh, and another objective is
to provide 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 performing pause drive with a
pause frame for pausing screen refresh being set between two
refresh frames in which screen refresh is performed, the
device including:

[0013] a display portion including a plurality of scanning
signal lines formed on an insulating substrate, a plurality of
data signal lines crossing each of the scanning signal lines,
and a plurality of pixel forming portions arranged in a matrix
corresponding to respective intersections of the scanning sig-
nal lines and the data signal lines;

[0014] a scanning signal line driver circuit configured
sequentially to select the scanning signal lines;

[0015] a data signal line driver circuit configured to write
image signal voltages to the data signal lines, the image signal
voltages being generated on the basis of externally inputted
image data; and

[0016] a display control circuit configured to control the
operation of the scanning signal line driver circuit and the
data signal line driver circuit, wherein,

[0017] the display control circuit includes:

[0018] a correction circuit configured either to output
correction image data obtained by subjecting image data
for a current frame to a tone emphasizing process for
emphasizing a temporal change or to output the image
data for the current frame without performing the tone
emphasizing process; and

[0019] afirst register configured to store a preset thresh-
old,
[0020] the display control circuit determines whether the

number of pause frames preceding the current frame is greater
than the threshold, and

[0021] when the number of pause frames is determined to
be greater than the threshold, the data signal linedriver circuit
applies a boost charge voltage and an image signal voltage
successively to the data signal lines, the boost charge voltage
being different in polarity from image data for the pause
frame and being based on the correction image data outputted
by the correction circuit, the image signal voltage having the
same polarity as the correction image data and being based on
the image data for the current frame, whereas when the num-
ber of pause frames is determined to be less than the thresh-
old, the data signal line driver circuit applies the image signal
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voltage to the data signal lines, the image signal voltage being
different in polarity from the image data for the pause frame.
[0022] According to a second aspect of the present inven-
tion, in the first aspect of the present invention,

[0023] the display control circuit further includes an image
change detection circuit configured to detect a state change of
the image data for the current frame.

[0024] According to a third aspect of the present invention,
in the second aspect of the present invention,

[0025] the externally inputted image data is data that is
inputted successively on a frame-by-frame basis,

[0026] the image change detection circuit detects a change
in an image represented by the image data on a frame-by-
frame basis, and

[0027] when there is any change detected in the image, the
display control circuit starts providing both the correction
image data and the image data or only the image data to the
data signal line driver circuit from the next frame after the
frame with the detected image change.

[0028] According to a fourth aspect of the present inven-
tion, in the third aspect of the present invention,

[0029] the display control circuit further includes:

[0030] acounter configured to count the number of con-
secutive pause frames preceding the frame determined
to have a change in the image data; and

[0031] asecond register configured to store a preset spe-
cific value, and

[0032] the display control circuit determines whether the
number of counted pause frames is greater than the specific
value regardless of the presence or absence of a change in the
image, and provides both the correction image data outputted
by the correction circuit and the image data successively to
the data signal line driver circuit when the number is deter-
mined to be greater than the specific value, or provides only
the image data to the data signal line driver circuit when the
number is determined to be less than the specific value.
[0033] According to a fifth aspect of the present invention,
in the first aspect of the present invention,

[0034] the externally inputted image data is data that is
inputted intermittently or in response to a transmission
request made by the liquid crystal display device, and
[0035] upon reception of the externally inputted image
data, the display control circuit starts providing both the cor-
rection image data and the image data or only the image data
to the data signal line driver circuit from a frame in which the
image data has been detected.

[0036] According to a sixth aspect of the present invention,
in the fifth aspect of the present invention,

[0037] the display control circuit further includes:

[0038] acounter configured to count the number of con-
secutive pause frames preceding the frame in which the
image data was detected as having been inputted; and

[0039] asecond register configured to store a preset spe-
cific value, and

[0040] the display control circuit determines whether the
number of counted pause frames is greater than the specific
value regardless of whether the image data has been detected,
and provides both the correction image data outputted by the
correction circuit and the image data successively to the data
signal line driver circuit when the number is determined to be
greater than the specific value, or provides only the image
data outputted by the correction circuit to the data signal line
driver circuit when the number is determined to be less than
the specific value.
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[0041] According to a seventh aspect of the present inven-
tion, in the second aspect of the present invention,

[0042] the display control circuit further includes first
frame memory configured to hold at least the image data
whose state change has been detected, the first frame memory
being rewritable memory, and

[0043] when the display portion displays the refresh frame,
the display control circuit reads the image data being held in
the first frame memory, and provides the image data to the
data signal line driver circuit.

[0044] According to an eighth aspect of the present inven-
tion, in the first aspect of the present invention,

[0045] the display control circuit further includes an inter-
face portion configured to obtain the image data and a timing
signal from externally inputted data, the timing signal being
required for activating the display control circuit, and
[0046] in accordance with a control signal generated from
the timing signal, the display control circuit controls the
timing of providing the image data or the correction image
data to the data signal line driver circuit.

[0047] According to a ninth aspect of the present invention,
in the first aspect of the present invention,

[0048] the display control circuit further includes a com-
mand register configured to output the image data as RAM
write data in accordance with an externally inputted com-
mand, and internally generates a timing control signal for
operation control.

[0049] According to a tenth aspect of the present invention,
in the second aspect of the present invention,

[0050] the image change detection circuit detects the pres-
ence or absence of an image change by comparing a value
obtained by an arithmetic operation using image data for a
preceding frame and a value obtained by an arithmetic opera-
tion using image data for a current frame.

[0051] According to an eleventh aspect of the present
invention, in the second aspect of the present invention,
[0052] the image change detection circuit detects the pres-
ence or absence of an image change by comparing image data
for a preceding frame and image data for a current frame.
[0053] According to a twelfth aspect of the present inven-
tion, in the second aspect of the present invention,

[0054] the image change detection circuit detects the pres-
ence or absence of an image change on the basis of a prede-
termined signal that is externally inputted.

[0055] According to a thirteenth aspect of the present
invention, in the second aspect of the present invention,
[0056] the image change detection circuit includes a third
register in which a value that specifies the presence or absence
of an image change is externally written, and detects the
presence or absence of an image change on the basis of the
value written in the third register.

[0057] According to a fourteenth aspect of the present
invention, in the second aspect of the present invention,
[0058] the image change detection circuit is a checksum
circuit configured to obtain and to compare a checksum value
for the image data for the preceding frame and a checksum
value for the image data for the current frame.

[0059] According to a fifteenth aspect of the present inven-
tion, in the second aspect of the present invention,

[0060] the image change detection circuit detects the pres-
ence or absence of an image change on the basis of an image
determination packet contained in a header of the image data
for the current frame.
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[0061] According to a sixteenth aspect ofthe present inven-
tion, in the second aspect of the present invention,

[0062] the display control circuit further includes a com-
mand register having prestored information indicating
whether the image data to be transmitted includes a changed
image, and

[0063] wupon each reception of the image data, the image
change detection circuit senses whether the image data
includes a changed image on the basis of the information
stored in the command register.

[0064] According to a seventeenth aspect of the present
invention, in the first aspect of the present invention,

[0065] the correction circuit includes:

[0066] second frame memory configured to hold image
data for a preceding frame, and a lookup table config-
ured to store a correction value for emphasizing a tem-
poral change for each combination of a grayscale value
corresponding to the image data for the preceding frame
and a grayscale value corresponding to the image data
for the current frame, and

[0067] when the image data for the current frame is pro-
vided, the correction circuit retrieves from the lookup table a
correction value corresponding to a grayscale value for the
image data for the preceding frame and the image data for the
current frame, and performs the tone emphasizing process
based on the retrieved correction value.

[0068] According to a eighteenth aspect of the present
invention, in the seventeenth aspect of the present invention,
[0069] the lookup table has correction values stored only
for combinations of equal grayscale values corresponding to
the image data for the preceding frame and the current frame.
[0070] According to a nineteenth aspect of the present
invention, in the first aspect of the present invention,

[0071] the pixel forming portion includes a thin-film tran-
sistor functioning as a switching element and a pixel capacitor
connected to the thin-film transistor and charged with the
image signal voltage, and

[0072] the thin-film transistor is connected at a control ter-
minal to the scanning signal line, at a first conductive terminal
to the data signal line, and at a second conductive terminal to
apixel electrode of the pixel capacitor, and has a channel layer
formed with In—Ga—7n—0.

[0073] A twentieth aspect of the present invention is
directed to a method for driving aliquid crystal display device
configured to display an image by applying alternating-cur-
rent voltages to liquid crystals in accordance with externally
inputted image data when performing pause drive with a
pause frame for pausing screen refresh being set between two
refresh frames in which screen refresh is performed, the
method including the steps of:

[0074] detecting whether there is any state change of image
data for a current frame;

[0075] upon detection of a state change of the image data
for the current frame, determining whether the number of
pause frames preceding the current frame is greater than a
preset threshold,

[0076] when the number of pause frames is determined to
be greater than the threshold, applying a boost charge voltage
and an image signal voltage successively to the data signal
lines, the boost charge voltage being different in polarity from
image data for the pause frame and being based on correction
image data obtained by subjecting the image data for the
current frame to a tone emphasizing process for emphasizing
a temporal change, the image signal voltage having the same
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polarity as the correction image data and being based on the
image data for the current frame; and

[0077] when the number of pause frames is determined to
be less than the threshold, applying the image signal voltage
to the data signal lines, the image signal voltage being differ-
ent in polarity from the image data for the pause frame.

Effect of the Invention

[0078] In the first aspect of the present invention, the num-
ber of pause frames preceding the current frame is compared
with the threshold. In accordance with the magnitude rela-
tionship therebetween, both the boost charge voltage and the
image signal voltage are applied successively to the data
signal lines, or only the image signal voltage is applied. As a
result, it is rendered possible to reliably reduce power con-
sumption even if the frequency for pause drive is high. More-
over, these voltages are opposite in polarity to the image
signal voltage in the pause frame preceding the current frame,
and therefore, alternating-voltage drive is performed even
during pause drive. In addition, the image signal voltage,
which is written after the boost charge voltage, is a signal
voltage in accordance with the image data for the current
frame, and therefore, the current frame image can be dis-
played even during pause drive.

[0079] In the second aspect of the present invention, the
display control circuit includes the image change detection
circuit, which renders it possible to readily and reliably detect
a state change of the image data for the current frame.
[0080] In the third aspect of the present invention, when
image data is inputted successively on a frame-by-frame
basis, if there is any detected image change, the number of
preceding pause frames is compared with the threshold. In
accordance with the magnitude relationship therebetween,
both the boost charge voltage and the image signal voltage are
applied successively to the image data signal lines, or only the
image signal voltage is applied. As a result, it is rendered
possible to achieve similar effects to those achieved by the
first aspect of the invention when there is an image change.
[0081] 1Inthe fourth aspect of the present invention, even if
there is no image change, the number of pause frames pre-
ceding the current frame is compared with the threshold. In
accordance with the magnitude relationship therebetween,
both the boost charge voltage and the image signal voltage are
applied successively to the image data signal lines, or only the
image signal voltage is applied. As a result, it is rendered
possible to achieve similar effects to those achieved by the
first aspect of the invention even when there is no image
change.

[0082] In the fifth aspect of the present invention, when
image data is inputted intermittently, or when image data is
externally inputted in response to a transmission request, the
number of preceding pause frames is compared with the
threshold. In accordance with the magnitude relationship
therebetween, both the boost charge voltage and the image
signal voltage are applied successively to the image data
signal lines, or only the image signal voltage is applied. As a
result, it is rendered possible to achieve similar effects to
those achieved by the first aspect of the invention when image
data is externally inputted.

[0083] In the sixth aspect of the present invention, even
when no image data is externally inputted, the number of
pause frames preceding the current frame is compared with
the threshold, and in accordance with the magnitude relation-
ship therebetween, both the boost charge voltage and the
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image signal voltage are applied successively to the image
data signal lines, or only the image signal voltage is applied.
As aresult, it is rendered possible to achieve similar effects to
those achieved by the first aspect of the invention even when
image data is externally inputted.

[0084] In the seventh aspect of the present invention, at
least the externally transmitted image data whose state
change has been detected is held in the frame memory. As a
result, it is rendered possible to read the image data written in
the frame memory at any time, leading to reduced power
consumption during pause drive.

[0085] In the eight aspect of the present invention, image
data and a timing signal, both of which are obtained from
externally transmitted data, are used so that the timing of
screen refresh and necessary image data can be controlled
arbitrarily. Thus, it is possible to realize pause drive effec-
tively.

[0086] In the ninth aspect of the present invention, the
image data is outputted as RAM write data in accordance with
an externally transmitted command, and further, the timing
control signal is internally generated and outputted. Accord-
ingly, the liquid crystal display device can be driven even if no
timing control signal is externally provided. In addition, it is
rendered possible to realize pause drive effectively.

[0087] In the tenth aspect of the present invention, the
image data for the preceding frame and the image data for the
current frame are compared directly with each other, which
renders it possible to detect even a slight image change.
[0088] In the eleventh aspect of the present invention, it is
only required to store a value obtained by an arithmetic opera-
tion, which renders it possible to determine the presence or
absence of an image change without the need to provide
memory with a large capacity.

[0089] In the twelfth aspect of the present invention, the
determination is made on the basis of a predetermined signal
that is externally inputted, and therefore, the need for
memory, registers, and the like is eliminated. Thus, it is ren-
dered possible to produce the liquid crystal display device at
low cost.

[0090] The thirteenth aspect of the present invention allows
the presence or absence of an image change to be determined
on the basis of the value written in the third register, whereby
itisrendered possible to determine the presence orabsence of
an image change with a simplified configuration.

[0091] The fourteenth aspect of the present invention
allows a well-known checksum circuit to be used as the image
change detection circuit. Thus, it is rendered possible to
readily and reliably detect image data with a changed image.
[0092] In the fifteenth aspect of the present invention, the
determination as to whether image data includes a changed
image is made on the basis of an image determination packet
contained in the header of the image data. Thus, it is rendered
possible to readily and reliably detect image data with a
changed image.

[0093] In the sixteenth aspect of the present invention, the
command register has prestored the information indicating
whether the image data to be transmitted includes a changed
image. Thus, it is rendered possible to readily and reliably
detect image data with a changed image.

[0094] The seventeenth aspect of the present invention
allows the correction circuit to obtain correction image data
by performing the tone emphasizing process using a correc-
tion value stored in the lookup table, whereby it is rendered
possible to readily obtain correction image data.
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[0095] 1In the eighteenth aspect of the present invention,
since flicker is readily recognizable when the same image
continues to be displayed, boost charge drive is performed
only when images with the same grayscale value are dis-
played in succession, so that flicker becomes hardly recog-
nizable by the viewer. In addition, it is rendered possible to
reduce the size of the lookup table, leading to reduced pro-
duction cost for the liquid crystal display device.

[0096] Inthe nineteenth aspect of the present invention, the
thin-film transistor whose channel layer is formed with
In—Ga—7n—01is used as the thin-film transistor in the pixel
forming portion. Such a thin-film transistor has a lower leak-
age current, so that the voltage written in the pixel forming
portion can be maintained at a sufficient level for a long
period of time. Thus, it is rendered possible to allow the
display image on the display portion to be kept high quality.
[0097] The twentieth aspect of the present invention ren-
ders it possible to achieve similar effects to those achieved by
the nineteenth aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0098] FIG. 1 is a diagram describing conventional pause
drive in a liquid crystal display device.

[0099] FIG.2isadiagram describing pause drive in a boost
charge drive mode.

[0100] FIG. 3 is a diagram showing that there might be a
case where a disadvantage occurs during boost charge drive.
[0101] FIG. 4isa block diagram illustrating the configura-
tion of a liquid crystal display device according to a first
embodiment of the present invention.

[0102] FIG. 5isa block diagram illustrating the configura-
tion of a display control circuit for a video mode without
RAM included in the liquid crystal display device shown in
FIG. 4.

[0103] FIG. 6 is a diagram illustrating a method for obtain-
ing a boost charge voltage to be used for boost charge drive.
[0104] FIG. 71s a block diagram illustrating the configura-
tion of a correction circuit included in the display control
circuit of the liquid crystal display device shown in FIG. 4.
[0105] FIG. 8 is a diagram illustrating an example of the
configuration of a lookup table for the correction circuit
shown in FIG. 7.

[0106] FIG. 9 is a diagram describing first boost charge
drive in the first embodiment.

[0107] FIG. 10is adiagram describing second boost charge
drive in the first embodiment.

[0108] FIG. 11 is a block diagram illustrating the configu-
ration of a display control circuit for a video mode with RAM
capture in a second embodiment.

[0109] FIG. 12 is a block diagram illustrating the configu-
ration of a display control circuit for a command mode with
RAM write in a third embodiment.

[0110] FIG. 13 is a block diagram illustrating the configu-
ration of an image change detection circuit according to a first
variant.

[0111] FIG. 14 is a block diagram illustrating the configu-
ration of an image change detection circuit according to a
second variant.

[0112] FIG. 15 is a block diagram illustrating the configu-
ration of an image change detection circuit according to a
third variant.

[0113] FIG. 16 is a block diagram illustrating the configu-
ration of a BC voltage generation circuit, which is an image
change detection circuit according to a fourth variant.
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MODES FOR CARRYING OUT THE INVENTION

1. Basic Study

[0114] FIG. 1 is a diagram describing conventional pause
drive in a liquid crystal display device. In the case of perform-
ing pause drive as shown in FIG. 1, a positive image signal
voltage is written in a first drive period, and the image signal
voltage is maintained in the following pause period. Next, a
negative image signal voltage is written in a second drive
period, and the image signal voltage is maintained in the
following pause period. Thereafter, similar operations will be
repeated, i.e., the image signal voltage is inverted in polarity
and written such that the polarity alternates every drive
period, and the written image signal voltage is maintained in
the following pause period.

[0115] To increase the response speed of the liquid crystal,
overshoot drive is performed in which a voltage higher than
the image signal voltage is written. However, in this case,
luminance sharply falls immediately after the image signal
voltage is written, and thereafter, slowly returns to its original
level. Such a luminance change is less recognizable by the
viewer during normal drive, but can be recognized during
pause drive.

[0116] FIG.?2isadiagram describing pause drive in a boost
charge drive mode. The “boost charge drive” refers to a case
where a voltage higher than an image signal voltage and the
image signal voltage are written successively. As shown in
FIG. 2, in each odd drive period, a positive voltage higher than
the image signal voltage is written, and then, the image signal
voltage of the positive polarity is written before a pause
period starts. Further, in each even drive period, a negative
voltage whose absolute value is higher than the absolute value
of the image signal voltage is written, and then, the image
signal voltage of the negative polarity is written before a
pause period starts. In this manner, the voltage whose polarity
is the same as the polarity of the image signal voltage and
whose absolute value is higher than the absolute value of the
image signal voltage is written immediately before the image
signal voltage is written. As a result, luminance reduction due
to the writing of the image signal voltage is suppressed sig-
nificantly, so that the viewer barely recognizes flicker during
pause drive, but in some cases, power consumption might be
left unchanged compared to normal drive. A specific example
of such a case will be described next. Note that in FIG. 2,
“BC” denotes a difference from the image signal voltage
where boost charge drive is performed.

[0117] FIG. 3 is a diagram showing that there might be a
case where a disadvantage occurs during boost charge drive.
A case where an image signal to be updated at 30 Hz is
transmitted by a host will be described with reference to FIG.
3. The image signal is updated every other frame. In this case,
a positive voltage higher than the image signal voltage is
written in the first frame. Next, the image signal voltage is
written in the second frame, which is to be a pause period. In
the third frame, the host transmits a new image signal, and
therefore, a negative voltage whose absolute value is higher
than the absolute value of the image signal voltage is written.
Next, the image signal voltage is written in the fourth frame,
which is to be a pause period. Thereafter, similarly, a higher
image signal voltage than the image signal voltage transmit-
ted by the host is written in each odd frame. In each even
frame, an image signal voltage whose absolute value is higher
than the absolute value of the image signal voltage transmit-
ted by the host is written. As a result, the liquid crystal display
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device is subjected to refresh every frame, though the image
signal is updated only every other frame. That is, although the
host transmits image data at 30 Hz, the liquid crystal display
device displays an image at 60 Hz. Accordingly, this drive
method does not reduce power consumption at all, even
though the liquid crystal display device performs pause drive.
Note that in FIG. 3, the image signal voltages are shown to
have a constant absolute value for the sake of simplification,
but in actuality, they take different values.

[0118] Embodiments of the present invention will now be
described with reference to the accompanying drawings.
Note that the charging of pixel capacitors in pixel forming
portions in accordance with image data for one frame regard-
less of whether there is an image change will also be referred
to herein as “refresh”, and a frame in which to perform refresh
will be referred to as a “refresh frame”. Further, no pixel
capacitor charging will be referred to as “non-refresh”, and a
non-refresh frame will be referred to as a “pause frame”. Also,
avoltage for flicker prevention, which is higher than an image
signal (data) voltage, will be referred to as a “boost charge
voltage”. Also, the charging (writing) of the pixel capacitors
with the image signal (data) voltage might be referred to as
“Iimage signal (data) drive”, and the successive charging
(writing) of the pixel capacitors with the boost charge voltage
and the image signal (data) voltage might be referred to as
“boost charge drive”.

[0119] Furthermore, the liquid crystal has the nature of
deteriorating when a direct-current voltage is continuously
applied thereto. Therefore, in the liquid crystal display
device, alternating-voltage drive for inverting the polarity of
a voltage applied to a liquid crystal layer (i.e., an applied
voltage) is performed in order to inhibit the liquid crystal
from deteriorating. Well-known alternating-voltage drive is a
drive mode called frame-by-frame inversion drive in which
the polarity of the applied voltage is inverted every frame
while keeping the applied voltage in the same polarity among
all pixels. However, in the case where the frame-by-frame
inversion drive is performed, flicker is relatively more likely
to occur at the time of image display. Therefore, various
inversion drive modes have been developed in order to sup-
press the occurrence of flicker. Typical inversion drive modes
that are known are line-by-line inversion drive in which the
polarity of the applied voltage is inverted every frame and also
every predetermined number of scanning signal lines, col-
umn-by-column inversion drive in which the polarity of the
applied voltage is inverted every frame and also every prede-
termined number of data signal lines, and dot-by-dot inver-
sion drive in which the polarity of the applied voltage is
inverted every frame such that vertically or horizontally adja-
cent pixels are opposite in polarity. Each of the following
embodiments will be described on the premise that column-
by-column inversion drive is performed, but the same
description can be applied to line-by-line inversion drive,
dot-by-dot inversion drive, and frame-by-frame inversion
drive.

2. First Embodiment

2.1 Configuration of the Liquid Crystal Display
Device

[0120] FIG. 4isa block diagram illustrating the configura-
tion of a liquid crystal display device according to a first
embodiment of the present invention. As shown in F1G. 4, the
liquid crystal display device includes a liquid crystal panel 14
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and a backlight unit 18. The liquid crystal panel 14 is provided
with an FPC (flexible printed circuit) 13 for external connec-
tions. Further, the liquid crystal panel 14 has provided thereon
a display portion 15, a display control circuit 60, a scanning
signal line driver circuit 16, and a data signal line driver
circuit 17. Note that both or one of the scanning signal line
driver circuit 16 and the data signal line driver circuit 17 may
be provided in the display control circuit 60. Moreover, both
or one of the scanning signal line driver circuit 16 and the data
signal line driver circuit 17 may be integrally formed with the
display portion 15. A host 1 (system), which has a CPU as a
main component, is provided outside the liquid crystal dis-
play device.

[0121] The display portion 15 includes a plurality (m) of
data signal lines SL1 to SLm, a plurality (n) of scanning
signal lines GL1 to GLn, and a plurality (mxn) of pixel
forming portions 20 formed corresponding to their respective
intersections of the m data signal lines SL.1 to SLm and the n
scanning signal lines GL1 to GLn. Hereinafter, in the case
where the m data signal lines SL1 to SLm are not specifically
distinguished, they will be simply referred to as the “data
signal lines SL.”, and in the case where the n scanning signal
lines GL1 to GLn are not specifically distinguished, they will
be simply referred to as the “scanning signal lines GL”. The
mxn pixel forming portions 20 are formed in a matrix. Each
pixel forming portion 20 includes a TFT 21, which is con-
nected at a gate terminal serving as a control terminal to the
scanning signal line GL passing through its corresponding
intersection and is also connected at a source terminal serving
as a first conductive terminal to the data signal line SL passing
through the intersection, a pixel electrode 23 connected to a
drain terminal of the TFT 21, which serves as a second con-
ductive terminal, a common electrode 24 commonly provided
for the mxn pixel forming portions 20, and a liquid crystal
layer (not shown) commonly provided for the pixel forming
portions 20 between the pixel electrode 23 and the common
electrode 24. The pixel electrode 23 and the common elec-
trode 24 form liquid crystal capacitance 22, which serves as a
pixel capacitor. Note that auxiliary capacitance is typically
provided in parallel with the liquid crystal capacitance 22 in
order to reliably hold a voltage in the pixel capacitor. Accord-
ingly, in general, the pixel capacitor is formed by the liquid
crystal capacitance 22 and the auxiliary capacitance. How-
ever, the pixel capacitor will be described herein as being
formed solely by the liquid crystal capacitance 22.

[0122] As the TFT 21, for example, a TFT whose channel
layer is made with an oxide semiconductor (referred to below
as an “oxide TFT”) is used. More specifically, the channel
layer of the TFT 21 is formed with In—Ga—7n—O (indium
gallium zinc oxide) including indium (In), gallium (Ga), zinc
(Zn), and oxygen (O). The TFT whose channel layer is made
with In—Ga—7n—O has a considerably lower off-leak cur-
rent than silicon-based TFTs whose channel layers are made
with polysilicon, amorphous silicon, or the like. Accordingly,
an image signal voltage written in the liquid crystal capaci-
tance 22 can be maintained for a long period of time. Note that
similar effects can be achieved also in the case where an oxide
semiconductor other than In—Ga—7n—0, including, 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 for the channel
layer. Moreover, the oxide TFT used as the TFT 21 is merely
an illustrative example, and a TFT based on silicon such as
polysilicon or amorphous silicon can instead be used.
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[0123] The display control circuit 60 is typically realized
by LSI (Large Scale Integration) technology. The display
control circuit 60 receives data DAT, including image data,
from the host 1 via the FPC 13, and in response, generates and
outputs a data signal line control signal SCT, a scanning
signal line control signal GCT, and a common voltage Vcom.
The data signal line control signal SCT is provided to the data
signal line driver circuit 17. The scanning signal line control
signal GCT is provided to the scanning signal line driver
circuit 16. The common voltage Vcom is provided to the
common electrode 24. In the present embodiment, the data
DAT is exchanged between the host 1 and the display control
circuit 60 through an interface in compliance with the DSI
(Display Serial Interface) standard proposed by the MIPI
(Mobile Industry Processor Interface) Alliance. Such an
interface in compliance with the DSI standard allows high-
speed data transmission. Therefore, in the embodiments,
including the present embodiment, the interface in compli-
ance with the DSI standard is used in video mode or command
mode.

[0124] The scanning signal line driver circuit 16 repeats
application of active scanning signals to the scanning signal
lines GL in predetermined cycles in accordance with the
scanning signal line control signal GCT. The scanning signal
line control signal GCT includes, for example. a gate clock
signal and a gate start pulse signal. In accordance with the
gate clock signal and the gate start pulse signal, the scanning
signal line driver circuit 16 activates an unillustrated shift
register and other internal components, thereby generating
scanning signals.

[0125] The data signal line driver circuit 17 generates and
outputs image signal voltages to be applied to the data signal
lines SL in accordance with the data signal line control signal
SCT. The data signal line control signal SCT includes, for
example, digital image signals based on the image data, as
well as a source start pulse signal, a source clock signal, and
alatch strobe signal. In accordance with the source start pulse
signal, the source clock signal, and the latch strobe signal, the
data signal line driver circuit activates an unillustrated shift
register, an unillustrated sampling latch circuit, and other
internal components, and converts the digital image signals to
analog signals by an unillustrated D/A converter circuit,
thereby generating image signal voltages.

[0126] The backlight unit 18 is provided on the backside of
the liquid crystal panel 14 so as to backlight the liquid crystal
panel 14. The backlight unit 18 is composed of, for example,
aplurality of LEDs (light emitting diodes). The backlight unit
18 may be controlled by the display control circuit 60 or by
another method. Note that the backlight unit 18 is dispensable
if the liquid crystal panel 14 is of a reflective type.

[0127] Inthis manner, the image signal voltages are applied
to the data signal lines SL, the scanning signal voltages are
applied to the scanning signal lines GL, and the backlight umt
18 is driven, so that the display portion 15 of the liquid crystal
panel 14 displays a screen image in accordance with the
image data transmitted by the host 1.

2.2 Configuration of the Display Control Circuit

[0128] Next, the configuration of the display control circuit
60 will be described. In the present embodiment, the display
control circuit 60 uses a video mode without RAM (random
access memory). In the following, such a mode will be
referred to as the “video mode without RAM™.
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[0129] FIG. 5isa block diagram illustrating the configura-
tion of a display control circuit 60 supporting the video mode
without RAM (referred to below as the “display control cir-
cuit 60 for the video mode without RAM”) in the present
embodiment. As shown in FIG. 5, the display control circuit
60 includes an interface portion 31, a command register 37,
NVM (non-volatile memory) 38, a timing generator 35, an
OSC (oscillator) 40, a checksum circuit 32, a correction cit-
cuit 33, a latch circuit 34, an internal power supply circuit 39,
a data signal line control signal output portion 36, and a
scanning signal line control signal output portion 41. The
interface portion 31 includes a DSI reception portion 31a, and
the checksum circuit 32 includes memory 32a. Moreover, the
timing generator 35 includes a counter 354, and the command
register 37 includes registers 37ato 37¢. Note that both or one
of the scanning signal line driver circuit 16 and the data signal
line driver circuit 17 may be provided in the display control
circuit 60, as in the aforementioned case.

[0130] The DSI reception portion 314 in the interface por-
tion 31 supports the DSI standard. Data DAT for the video
mode includes RGB data RGBD, which specifies image data,
synchronization signals, including a vertical synchronization
signal VSYNC, a horizontal synchronization signal HSYNC,
a data enable signal DE, and a clock signal CLK, and com-
mand data CM. The command data CM includes data for a
variety of types of control. Upon reception of the data DAT
from the host 1, the DSI reception portion 31a transmits the
RGB data RGBD included in the data DAT to the checksum
circuit 32, the vertical synchronization signal VSYNC, the
horizontal synchronization signal HSYNC, the data enable
signal DE, and the clock signal CLK to the timing generator
35, and the command data CM to the command register 37.
Note that the command data CM may be transmitted by the
host 1 to the command register 37 via an interface which
supports the I°C (Inter-Integrated Circuit) standard or the SPI
(Serial Peripheral Interface) standard. In such a case, the
interface portion 31 includes a reception portion which sup-
ports the 1°C standard or the SPI standard. The RGB data
RGB will also be referred to as the “image data”, and signals
such as the vertical synchronization signal VSYNC, the hori-
zontal synchronization signal HSYNC, and the data enable
signal DE will be referred to collectively as the “timing sig-
nals”.

[0131] The checksum circuit 32 obtains a checksum value
by carrying out an operation (checksum)upon each reception
of RGB data RGBD for one screen, and stores the obtained
checksum value in the memory 32a. Next, a checksum value
for RGB data RGBD for a certain frame (i.e., a preceding
frame), and the obtained checksum value is stored in the
memory 32a. Thereafter, checksum is performed on RGB
data RGBD for the immediately succeeding frame (i.e., the
current frame or the succeeding frame). The checksum value
for the current frame is compared with the checksum value for
the preceding frame stored in the memory 32a; images for the
frames are considered to be the same if both values are equal,
or the images are considered to be different if the values are
different. Thereafter, the result is transmitted to the timing
generator 35 as checksum confirmation data CRC. The reason
why the checksum circuit 32 is used as described above is
because the determination as to whether the RGB data RGBD
is updated data can be made readily and reliably and also
because the need for memory with a large capacity is elimi-
nated. Note that the checksum circuit 32 will also be referred
to as the “image change detection circuit”. The determination
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as to whether the images are the same may be made by an
operation other than checksum. In such a case, another opera-
tion circuit is used in place of the checksum circuit 32.
[0132] Note that in the following, the checksum value will
be described as a value to be obtained every frame for image
data for one screen by performing checksum. However, the
checksum value may be obtained for a predetermined line or
block, for example.

[0133] The command register 37 holds the command data
CM. Moreover, the three registers 37a to 37¢ in the command
register 37 have their respectively different setting values
stored therein. More specifically, the register 37a has stored
therein a boost charge threshold BCTH to be referenced for
determining whether to perform boost charge drive, the reg-
ister 375 has stored therein a boost refresh number BCREF,
which defines the number of refreshes for boost charge drive,
and the register 37¢ has stored therein a non-refresh frame
number NREF, which defines the maximum number of
frames for which no refresh is performed. Note that the reg-
ister 37a will also be referred to as the “first register”, and the
register 37¢ will also be referred to as the “second register”.
[0134] The NVM 38 holds setting data SET for a variety of
types of control. The command register 37 reads the setting
data SET being held in the NVM 38, and updates the setting
data SET in accordance with command data CM. In accor-
dance with the command data CM and the setting data SET,
the command register 37 transmits a timing control signal TS,
along with the setting values stored in the registers 37a to 37¢,
to the timing generator 35, and a voltage setting signal VS to
the internal power supply circuit 39.

[0135] Thetiming generator 35 receives the checksum con-
firmation data CRC from the checksum circuit 32. When the
timing generator 35 determines that the RGB data RGBD has
not been changed on the basis of the checksum confirmation
data CRC, the timing generator 35 increments the count value
of the counter 354, and thereafter compares the count value
with the non-refresh frame number NREF stored in the reg-
ister 37¢. As a result, if the count value is less than the
non-refresh frame number NREF, no refresh is performed.
Accordingly, the same image contirues to be displayed on the
display portion 15. On the other hand, if the count value is
greater than the non-refresh frame number NREF, the correc-
tion circuit 33 and the latch circuit 34 are provided with
control signals required for refreshing the screen by boost
charge drive, and the counter 35a is reset.

[0136] Furthermore, when the determination based on the
checksum confirmation data CRC is that there is an image
change, the timing generator 35 increments the count value of
the counter 35a, and thereafter compares the count value with
the boost charge threshold BCTH stored in the register 37a.
As a result, if the count value is less than the boost charge
threshold BCTH, the correction circuit 33 and the latch circuit
34 are provided with control signals required for refreshing
the screen once without correcting the RGB data RGBD, and
the counter 35a is reset. On the other hand, if the count value
is greater than the boost charge threshold BCTH, the correc-
tion circuit 33 and the latch circuit 34 are provided with
control signals required for refreshing the screen by boost
charge drive, and the counter 35q is reset. In either case, the
display portion 15 displays the changed image.

[0137] Furthermore, in accordance with the vertical syn-
chronization signal VSYNC, the horizontal synchronization
signal HSYNC, the data enable signal DE, the clock signal
CLK, and the timing control signal TS, as well as an internal
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clock signal ICK generated by the OSC 40, the timing gen-
erator 35 generates and outputs control signals to the correc-
tion circuit 33, the latch circuit 34, the data signal line control
signal output portion 36, and the scanning signal line control
signal output portion 41 in order to control these circuits.

[0138] Furthermore, to perform refresh, in some cases, the
timing generator 35 requests the host 1 to transmit data DAT.
In such a case, in accordance with the vertical synchroniza-
tion signal VSYNC, the horizontal synchronization signal
HSYNC, the data enable signal DE, the clock signal CLK,
and the timing control signal TS, as well as the internal clock
signal ICK generated by the OSC 40, a request signal REQ is
generated and transmitted to the host 1. Uponreception of the
request signal REQ, the host 1 transmits the data DAT to the
DSI reception portion 31« in the display control circuit 60.
Note that the OSC 40 is not an indispensable component for
the display control circuit 60 for the video mode without
RAM.

[0139] Inthe case where the correction circuit 33 receives a
control signal for generating a boost charge voltage from the
timing generator 35, the correction circuit 33 obtains RGB
data RGBB, which s corrected on the basis of the relationship
between the grayscale value for the preceding frame and the
grayscale value for the current frame in order to generate a
boost charge voltage for a higher grayscale value than the
grayscale value for the current frame, and the obtained RGB
data RGBB is provided to the latch circuit 34. Moreover, in
the case where the correction circuit 33 receives no control
signal for generating a boost charge voltage from the timing
generator 35, the correction circuit 33 provides the received
RGB data RGBD to the latch circuit 34 without correction.

[0140] The latch circuit 34 transmits RGB data RGBD for
one line or corrected RGB data RGBB in units of one line to
the data signal line control signal output portion 36 in accor-
dance with the control signal provided by the timing genera-
tor 35. In this manner, the screen is refreshed when necessary,
so that the display portion 15 continues to display the same
image as the current display image or displays an image
changed from the current image.

[0141] The internal power supply circuit 39 generates and
outputs a common voltage Vcom, along with a power supply
voltage to be used by the data signal line control signal output
portion 36 and the scanning signal line control signal output
portion 41, on the basis of power supplied by the host 1 and
the voltage setting signal VS provided by the command reg-
ister 37.

[0142] The data signal line control signal output portion 36
generates and transmits a data signal line control signal SCT
to the data signal line driver circuit 17 on the basis of the RGB
data RGBD or RGBB provided by the latch circuit 34, the
control signal provided by the timing generator 35, and the
power supply voltage provided by the internal power supply
circuit 39.

[0143] The scanning signal line control signal output por-
tion 41 generates and transmits a scanning signal line control
signal GCT to the scanning signal line driver circuit 16 on the
basis of the control signal provided by the timing generator 35
and the power supply voltage provided by the internal power
supply circuit 39.

[0144] During pause drive, the operation of internal cir-
cuits, such as the correction circuit 33, the latch circuit 34, the
data signal line control signal output portion 36, and the
scanning signal line control signal output portion 41 is
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stopped in order to reduce power consumption. As a result,
the liquid crystal display device continues to display the same
image during pause drive.

2.3 Configuration of the Correction Circuit

[0145] Grayscale value correction, which is performed by
the correction circuit 33 in order to obtain the boost charge
voltage, will be described. FIG. 6 is a diagram illustrating a
method for obtaining a boost charge voltage to be used for
boost charge drive. The dotted line shown in FIG. 6 represents
a case where image data inputted to the correction circuit 33
and image data outputted by the correction circuit 33 are
equal in grayscale value, i.e., no correction is made, and the
solid line represents a case where the grayscale value of
inputted image data is corrected such that image data to be
outputted is greater in grayscale value than the inputted image
data. FIG. 6 shows an example where the inputted image data
has the grayscale value “07, “317,*127”,*224”, or “255”, and
is corrected such that the image data to be outputted has a
grayscale value equal to the grayscale value of the inputted
image data or a grayscale value higher by 2, 4, 5, 6, or 7 than
the grayscale value of the inputted image data.

[0146] In this case, the correction value to be used for the
grayscale value is in the range of from -7 to 7 regardless of
whether the polarity of the image signal voltage based on the
inputted image data is positive or negative. The correction
value to be used can be determined independently of the
polarity of the image signal voltage and the grayscale value.
Moreover, in the case where the use of the correction value
results in a correction by which the image data has a negative
grayscale value or a grayscale value greater than 255, the
grayscale value is considered to be 0 or 255. Moreover, in the
case where the inputted image data has a grayscale value for
which no correction value is set, 1., in the case where the
grayscale value is in the range of from 1 to 30 or from 32 to
126, the correction value is obtained by linear interpolation.
[0147] FIG. 7isa block diagram illustrating the configura-
tion of the correction circuit 33. The operation of the correc-
tion circuit 33 will be described with reference to FIG. 7. The
correction circuit 33 includes frame memory 33q, an adder
circuit 335, a comparator circuit 33¢, and a lookup table 334
(i.e.,an LUT 33d). In the case where the boost charge voltage
is generated by correcting the grayscale value for the RGB
data RGBD, the timing generator 35 provides a control signal
to the correction circuit 33. When the correction circuit 33 is
provided with the control signal, the frame memory 33a
stores RGB data RGBD for the preceding frame, i.e., for one
frame, which is provided by the checksum circuit 32. The
comparator circuit 33¢ obtains the grayscale value for RGB
data RGBD for the current frame (i.e., the grayscale value for
the current frame), and the grayscale value for the RGB data
for the preceding frame (i.e., the grayscale value for the
preceding frame), which is stored in the frame memory 334,
and provides the results to the LUT 33d. The LUT 334 has
stored therein a plurality of correction values corresponding
to grayscale values for the preceding frame and the current
frame, as will be described later. When the comparator circuit
33c¢ provides the LUT 33d with grayscale values for the
preceding frame and the current frame, the LUT 33d provides
the adder circuit 335 with a correction value corresponding
thereto. The adder circuit 335 generates RGB data RGBB by
correcting the grayscale value for the current frame through
addition of the correction value provided by the LUT 334, and
outputs the generated data to the latch circuit 34.
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[0148] Furthermore, inthe case where the RGB data RGBD
is not corrected, the correction circuit 33 outputs the gray-
scale value for the RGB dataRGBD, which is provided by the
checksum circuit 32, to the latch circuit 34 without correc-
tion, in accordance with the control signal provided by the
timing generator 35.

[0149] FIG. 8 is a diagram illustrating an example of the
configuration of the LUT 33d. As shown in FIG. 8, the LUT
33d has stored therein only the correction values for combi-
nations of equal grayscale values for the preceding frame and
the current frame. For example, as for the grayscale value
“31” for the preceding frame, only the correction value that
corresponds to the grayscale value “31” for the current frame
1s stored, and no correction values for other grayscale values
are stored. The reason for this is that flicker is readily recog-
nizable when the same image continues to be displayed. In
such a case, if the boost charge voltage is generated using the
corrected RGB data RGBB, flicker becomes hardly recogniz-
able by the viewer. In addition, only a small number of cor-
rection values are stored, so that the size of the lookup table is
reduced, leading to reduced production cost for the liquid
crystal display device.

2.4 Descriptions of the Boost Charge Drive

[0150] The types of boost charge drive performed in the
present embodiment include first boost charge drive and sec-
ond boost charge drive. Accordingly, these types of boost
charge drive will be described in turn.

2.4.1 First Boost Charge Drive

[0151] FIG.9isa diagram describing the first boost charge
drive. Before specifically describing the first boost charge
drive, various setting values required for performing boost
charge drive and the conditions for performing refresh by
boost charge drive or image signal drive will be described.
[0152] First, various settings required for performing boost
charge drive will be described. The items to be preset are
“BC”,“BCTH”, “BCREF”, and “NREF” shown at the top left
of FIG. 9. The item “BC” specifies whether to perform boost
charge drive, and if it is set as “ON™, boost charge drive is
performed. The item “BCTH” is a threshold for determining
whether to perform boost charge drive; when the number of
pause frames is greater than or equal to BCTH, boost charge
drive is performed, and when the number is less than BCTH,
image signal drive is performed. The item “BCREF” is the
number of frames required for boost charge drive. The item
“NREF” denotes the maximum number of pause frames.
These items are assumed herein to be set as follows. Note that
the following numbers are merely illustrative examples, and
may be changed appropriately.

[0153] BC=ON

[0154] BCTH=3

[0155] BCREF=2 (fixed)

[0156] NREF=6

[0157] Next, the items indicated on the left side in FIG. 9

will be described. Numbers listed in the “Frame” field denote
the order of frames counted from the “first” frame, whichis a
refresh frame by boost charge drive. The “Image” field lists
alphabet letters in order to specify images in the frames based
on data DAT transmitted from the host 1. Specifically, the
image changes as the alphabet letter changes sequentially
from A. The symbol “o0” in the “CRC” field indicates that the
image for the current frame is the same as the image for the
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preceding frame, and the symbol “x” indicates that the image
has changed in the current frame and therefore is different
from the image in the preceding frame. The “REF/NREF”
field indicates that each frame is either a refresh frame or a
pause frame; “R” represents the refresh frame, and “N” rep-
resents the pause frame. The “Driving” field indicates a drive
mode for the refresh frame. Since column-by-column inver-
sion drive is performed in the present embodiment, the field
indicates “Column”. The letter “P” in the “Posi/Nega” field
indicates that the polarity of the boost charge voltage or the
image signal voltage is positive, and the letter “N” indicates
that the polarity is negative. Numbers in the “NREF_
Counter” field denote the numbers of consecutive pause
frames, which are counted by the counter 354 provided in the
timing generator 35. The numbers “1” and “2” in the
“BCREF” field indicate frames required for performing boost
charge drive. The letter “v” in the “Boost_Charge” field indi-
cates the frame in which the boost charge voltage is applied
when boost charge drive is performed.

[0158] The types of refresh shown in FIG. 9 are “boost
charge refresh” and “image signal refresh”. The “boost
charge refresh” is the refresh performed by writing the boost
charge voltage to the data signal lines SL, and the “image
signal refresh” is the refresh performed by applying the image
signal voltage to the data signal lines SL. In boost charge
drive, the boost charge refresh is performed first, and then, the
image signal refresh is performed. On the other hand, in the
image signal drive, only the image signal refresh is performed
once. Frames in which these types of refresh are performed
meet either of the following descriptions.

[0159] 1. The next frame after the frame with “x” assigned
in the “CRC” field.

[0160] 2. The next frame after the frame with the number
“6” in the “NREF_Counter” field.

[0161] Furthermore, in the case where refresh is performed
because one of the descriptions is met, the determination as to
whether the type of refresh is boost charge refresh or image
signal refresh is made on the basis of the magnitude relation-
ship between the number of immediately preceding consecu-
tive pause frames and the boost charge threshold BCTH (in
the present embodiment, it is set at “3”). To describe it more
specifically,

[0162] 1. the boost charge refresh is performed where the
number of pause frames = the boost charge threshold, or
[0163] 2. the image signal refresh is performed where the
number of pause frames < the boost charge threshold.
[0164] The boost charge drive as above has the following
three characteristics.

[0165] 1. When the number of immediately preceding con-
secutive pause frames reaches NREF (in the present embodi-
ment, it is set at “6”), the polarity for the boost charge refresh
is inverted in the next frame.

[0166] 2. In the image signal refresh performed immedi-
ately after the boost charge refresh, the image signal voltage
is applied in accordance with RGB data, and the image signal
voltage has the same polarity as the boost charge voltage.
[0167] 3. The boost charge voltage is obtained by correct-
ing the RGB data for the current frame, rather than the RGB
data for the preceding frame.

[0168] Referring to FIG. 9, the cases where the boost
charge drive and the image signal drive are respectively pet-
formed will be described below while focusing on represen-
tative frames.
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[0169] The number of consecutive pause frames ending
with the eighth frame is “6” according to the count value of
the counter 35a. The number of pause frames is greater than
“3” which s the boost charge threshold BCTH. Accordingly,
the boost charge drive is performed in the ninth and tenth
frames. First, in the ninth frame, the boost charge refresh is
performed. In this case, the polarity of the image signal volt-
age for the eighth frame is “negative (N)”, and therefore, the
polarity of the boost charge voltage for the ninth frame is set
to “positive (P)”. Next, in the tenth frame, the image signal
refresh is performed. The polarity of the image signal voltage
for the tenth frame is set to the same polarity as the boost
charge voltage for the ninth frame, i.e., “positive”. Note that
in the following, for example, the wording “the polarity of the
boost charge voltage for the ninth frame is set to ‘positive
(P)” will be shortened to “the polarity for the ninth frame is
set to ‘positive (P)™”.

[0170] There is an image change from image B to image C
in the twentieth frame, and therefore, refresh is performed in
the twenty-first frame. It can be appreciated from the count
value of the counter 354 that the number of consecutive pause
frames ending with the nineteenth frame is “2”. The number
of pause frames is less than “3”, which is the boost charge
threshold BCTH. Accordingly, to perform the image signal
drive in the twenty-first frame, only the image signal refresh
is performed. In this case, the polarity for the twentieth frame
is “negative”, and therefore, the polarity for the twenty-first
frame is set to “positive”.

[0171] In the thirty-sixth frame, there is an image change
from image G to image H, and therefore, refresh is performed
in the thirty-seventh frame. The number of consecutive pause
frames ending with the thirty-sixth frame is “4” according to
the count value of the counter 35a. The number of pause
frames is greater than “3”, which is the boost charge threshold
BCTH. Accordingly, the boost charge drive is performed in
the thirty-seventh and thirty-eighth frames. First, the boost
charge refreshis performed in the thirty-seventh frame. In this
case, the polarity for the thirty-sixth frame is “negative”, and
therefore, the polarity for the thirty-seventh frame is set to
“positive”. Next, the image signal refresh is performed in the
thirty-eighth frame. The polarity for the thirty-eighth frame is
set to the same polarity as the polarity for the thirty-seventh
frame, i.e., “positive”.

[0172] Furthermore, in the thirty-eighth frame, there is an
image change from image H to image I, and therefore, refresh
is performed in the thirty-ninth frame. The number of con-
secutive pause frames ending with the thirty-eighth frame is
“0” according to the count value of the counter 35a. The
number of pause frames is less than “3”, which is the boost
charge threshold BCTH. Accordingly, to perform the image
signal drive in the thirty-ninth frame, only the image signal
refresh is required to be performed. Therefore, the image
signal refresh is performed in the thirty-ninth frame. In this
case, the polarity for the thirty-eighth frame is “positive”, and
therefore, the polarity for the thirty-ninth frame is set to
“negative”.

[0173] The number of consecutive pause frames ending
with the forty-fifth frame is “6” according to the count value
of the counter 354, and there is an image change from image
1 to image J in the forty-fifth frame. Accordingly, the boost
charge drive is performed in the forty-sixth and forty-seventh
frames. First, the boost charge refresh is performed in the
forty-sixth frame. In this case, the polarity for the forty-fifth
frame is “negative”, and therefore, the polarity for the forty-
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sixth frame is set to “positive”. Next, the image signal refresh
is performed in the forty-seventh frame. The polarity for the
forty-seventh frame is set to the same polarity as the polarity
for the forty-sixth frame, i.e., “positive”.

2.4.2 Second Boost Charge Drive

[0174] FIG. 10 is a diagram describing the second boost
charge drive. The second boost charge drive will be described
with reference to FIG. 10.

[0175] Shown at the top left of FIG. 10 are the items that are
to be preset where pause drive is performed on the liquid
crystal display device. These items and numerical values
being set are the same as in F1G. 9, and therefore, any descrip-
tions thereof will be omitted.

[0176] Moreover, the “Frame” field and other fields are the
same as those shown in FIG. 9, and therefore, any descrip-
tions thereof will be omitted. However, unlike in FIG. 9, the
“REQOUT” field is added in FIG. 10. In the case of FIG. 9,
the host 1 transmits the RGB data successively on a frame-
by-frame basis. However, in the case of FIG. 10, the host 1
transmits RGB data when the timing generator 35 in the
display control circuit 60 transmits a request signal REQ to
the host 1 in order to request the host 1 to transmit the RGB
data, and further, the host 1 transmits RGB data intermittently
without any relation to the request signal REQ. The request
signal REQ is transmitted to the host 1 in frames with the
letter “v” assigned in the “REQOUT” field. Upon reception of
the request signal REQ, the host 1 transmits the RGB data to
the liquid crystal display device in the next frame. Accord-
ingly, there is a time lag of one frame between the transmis-
sion of the request signal REQ by the timing generator 35 and
the reception of the RGB data. Note that even if the host 1
receives no request signal REQ, the host 1 transmits the RGB
data to the liquid crystal display device when necessary.
[0177] The types of refresh shown in FIG. 10 include the
boost charge refresh and the image signal refresh, as in the
case of FIG. 9. However, to perform either of these refresh
types, one of the following descriptions, which are different
in part from the case of FIG. 9, is required to be met.

[0178] 1. The frame with an image change indicated in the
“Image” field.
[0179] 2. The next frame after the frame with the number

“6” in the “NREF_Counter” field.

In this manner, unlike in the case of FIG. 9, refresh is pet-
formed in the frame with an image change, rather than in the
next frame after the frame with an image change. Note that as
in the case of FIG. 9, refresh is also performed in the next
frame after the frame for which the count value of the counter
35ais “6”.

[0180] Furthermore, as in the case of FIG. 9, the determi-
nation as to whether the type of refresh is boost charge refresh
or image signal refresh is made on the basis of the magnitude
relationship between the number of immediately preceding
consecutive pause frames and the boost charge threshold
BCTH (in the present embodiment, it is set at “3”), and
therefore, any description of such a determination will be
omitted. In addition, the three characteristics of the boost
charge drive are the same as in the first embodiment, and
therefore, any descriptions thereof will be omitted.

[0181] Referring to FIG. 10, the cases where the boost
charge drive and the image signal drive are respectively pet-
formed will be described below while focusing on represen-
tative frames.
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[0182] In the eighth frame, the timing generator 35 trans-
mits a request signal REQ to the host 1. In the ninth frame, the
host 1 transmits RGB data for image A in response to the
request signal REQ. The number of consecutive pause frames
ending with the eighth frame is “6” according to the count
value of the counter 35a. The number of pause frames is
greater than “3”, which is the boost charge threshold BCTH.
Accordingly, the boost charge drive 1s performed in the ninth
and tenth frames. First, in the ninth frame, the boost charge
refresh is performed. In this case, the polarity for the eighth
frame is “positive”, and therefore, the polarity for the ninth
frame is set to “negative”. Next, in the tenth frame, the host 1
transmits the data for image A again in response to a request
signal REQ transmitted in the ninth frame. Consequently, in
the tenth frame, the image signal refresh is performed. The
polarity for the tenth frame is set to the same polarity as in the
ninth frame, i.e., “negative”.

[0183] In the twenty-first frame, the host 1 transmits RGB
data for image C. As a result, refresh is performed in the
twenty-first frame. The number of consecutive pause frames
ending with the twentieth frame is “2” according to the count
value of the counter 35a. The number of pause frames is less
than “3”, which is the boost charge threshold BCTH. Accord-
ingly, to perform the image signal drive in the twenty-first
frame, only the image signal refresh is performed. In this
case, the polarity for the twentieth frame is “positive”, and
therefore, the polarity for the twenty-first frame is set to
“negative”. Note that no request signal REQ is transmitted in
the twentieth frame, and therefore, the data for image Cis data
transmitted without any relation to the request signal REQ.

[0184] The image signal drive performed in the thirty-first
frame is the same as that performed in the twenty-first frame,
and therefore, any description thereof will be omitted. In the
thirty-second frame, the host 1 transmits RGB data for image
F. As a result, refresh is performed in the thirty-second frame
as well. The number of consecutive pause frames ending with
the thirty-first frame is “0” according to the count value of the
counter 35a. The number of pause frames is less than “3”,
which is the boost charge threshold BCTH. Accordingly, to
perform the image signal drive in the thirty-second frame,
only the image signal refresh is performed. In this case, the
polarity for the thirty-first frame is “positive”, and therefore,
the polarity for the thirty-second frame is set to “negative”. In
this manner, refresh is performed successively in the thirty-
first and thirty-second frames, and both of these performances
are the image signal drive, rather than the boost charge drive.
Therefore, the “BCREF” field and the “Boost_Charge” field
are blank.

[0185] In the thirty-seventh frame, the host 1 transmits
RGB data forimage H. This RGB data is data not provided in
response to any request signal REQ. The number of consecu-
tive pause frames ending with the thirty-sixth frame is “4”
according to the count value of the counter 35a4. The number
of pause frames is greater than “3”, which is the boost charge
threshold BCTH. Accordingly, the boost charge drive is per-
formed in the thirty-seventh and thirty-eighth frames. First, in
the thirty-seventh frame, the boost charge refresh is per-
formed. In this case, the polarity for the thirty-sixth frame is
“negative”, and therefore, the polarity for the thirty-seventh
frame is set to “positive”. Next, in the thirty-eighth frame, the
host 1 transmits the data RGB for image H again in response
to a request signal REQ transmitted in the thirty-seventh
frame. Consequently, in the thirty-eighth frame, the image
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signal refresh is performed. The polarity for the thirty-eighth
frame is set at the same polarity as in the thirty-seventh frame,
i.e., “positive”.

[0186] Furthermore, in the thirty-ninth frame, RGB data for
image I is transmitted, and therefore, refresh is performed in
the thirty-ninth frame. The number of consecutive pause
frames ending with the thirty-eighth frame is “0” according to
the count value of the counter 35a. The number of pause
frames is less than “3”, which is the boost charge threshold
BCTH. Accordingly. to perform the image signal drive in the
thirty-ninth frame, only the image signal refresh is per-
formed. In this case, the polarity for the thirty-eighth frame is
“positive”, and therefore, the polarity for the thirty-ninth
frame is set to “negative”.

[0187] Note that an image change during the first boost
charge drive or an external image data input during the second
boost charge drive will also be referred to as a “state change”
of the image data.

2.5 Effects

[0188] In the present embodiment, when there is an image
change in externally inputted RGB data, or when the number
of consecutive pause frames reaches a predetermined value, if
the number of pause frames is less than the boost charge
threshold BCTH, the image signal refresh is performed once,
or if the number of pause frames is greater than or equal to the
boost charge threshold BCTH, the boost charge refresh is
performed first, and then, the image signal refresh is per-
formed. As a result, it is rendered possible to reduce flicker
due to luminance reduction, and it is also rendered possible to
eliminate the need to perform refresh consecutively even if
the frequency of the RGB data is high (e.g., 30 Hz) during
pause drive. Thus, it is possible to reliably reduce power
consumption in the liquid crystal display device.

[0189] Furthermore, the boost charge voltage and the
image signal voltage are voltages whose polarity is opposite
to the polarity of the image signal voltage in the preceding
frame, and therefore, alternating-voltage drive is performed
even during pause drive. In addition, the image signal voltage,
which is written after the boost charge voltage, is a signal
voltage in accordance with the image data for the current
frame, and therefore, the current frame image can be dis-
played even during pause drive.

3. Second Embodiment

[0190] The configuration of an active-matrix liquid crystal
display device according to a second embodiment of the
present invention is the same as the configuration of the
active-matrix liquid crystal display device according to the
first embodiment shown in FIG. 4, and therefore, any block
diagram and description illustrating the configuration of the
liquid crystal display device will be omitted.

3.1 Configuration of the Display Control Circuit

[0191] Next, the configuration of a display control circuit
70 in the present embodiment will be described. The display
control circuit 70 uses a video mode and is provided with
RAM. This mode will be referred to as the “video mode with
RAM capture”.

[0192] FIG. 11 is a block diagram illustrating the configu-
ration of the display control circuit 70 supporting the video
mode with RAM capture (referred to below as the “display
control circuit 70 for the video mode with RAM capture™) in
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the present embodiment. The display control circuit 70, as
with the display control circuit 60 in the first embodiment,
includes the interface portion 31, including the DST reception
portion 31a, the checksum circuit 32, the correction circuit
33, the latch circuit 34, the timing generator 35, the command
register 37, the OSC 40, the data signal line control signal
output portion 36, the scanning signal line control signal
output portion 41, the NVM 38, and the internal power supply
circuit 39, and the display control circuit 70 additionally
includes frame memory 51 between the checksum circuit 32
and the correction circuit 33. Note that the frame memory 51
will also be referred to as the “first frame memory”.

[0193] In the display control circuit 60 for the video mode
without RAM, RGB data RGBD received by the DSI recep-
tion portion 31a is provided to the checksum circuit 32, the
correction circuit 33, and the latch circuit 34 in this order.
However, in the display control circuit 70 for the video mode
RAM capture, the RGB data RGBD received by the DSI
reception portion 31a is overwritten in the frame memory 51
after the checksum circuit 32 obtains a checksum value for the
RGB data RGBD. Accordingly, the frame memory 51 stores
only the latest RGB data RGBD.

[0194] The timing generator 35 receives a timing control
signal TS from the command register 37, and then transmits
control signals to the frame memory 51, the correction circuit
33, and the latch circuit 34. As a result, the RGB data RGBD
stored in the frame memory 51 is read from the frame memory
51 at the time determined by the control signal, and provided
to the correction circuit 33. The RGB data RGBD is corrected
as necessary by the correction circuit 33, and then provided to
the latch circuit 34.

[0195] Furthermore, the timing generator 35 transmits a
vertical synchronization output signal VSOUT to the host 1.
The vertical synchronization output signal VSOUT is a signal
to control the timing of the host 1 transmitting the data DAT,
such that the writing of the RGB data RGBD to the frame
memory 51 and the reading of the RGB data RGBD from the
frame memory 51 do not coincide.

[0196] Other features and operations of the display control
circuit 70 for the video mode with RAM capture are the same
as those of the display control circuit 60 for the video mode
without RAM, and therefore, any descriptions thereof will be
omitted. Note that the OSC 40 is dispensable also for the
display control circuit 70 for the video mode with RAM
capture.

3.2 Boost Charge Drive

[0197] In the liquid crystal display device including the
display control circuit 70 for the video mode RAM capture,
the operation for performing the boost charge drive and the
effects achieved by such an operation are the same as those
described in conjunction with the first boost charge drive and
the second boost charge drive in the first embodiment, and
therefore, any descriptions thereof will be omitted.

[0198] Note that since the display control circuit 70 for the
video mode RAM capture includes the frame memory 51, the
RGB data RGBD is overwritten in the frame memory 51 only
when the checksum circuit 32 detects an image change, and
the checksum circuit 32 discards the RGB data RGBD when
there is no image change. Accordingly, in the case where
refresh is performed using the same image as the image that is
currently being displayed, it is simply required to read the
RGB data RGBD stored in the frame memory 51, so that
power consumption by the display control circuit 70 is
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reduced. Specifically, in FIGS.9 and 10, the RGB data RGBD
is written to the frame memory 51 in the frames with the
symbol “x” assigned in the “CRC” field.

4. Third Embodiment

[0199] The configuration of an active-matrix liquid crystal
display device according to a third embodiment of the present
invention is the same as the configuration of the active-matrix
liquid crystal display device according to the first embodi-
ment shown in FIG. 4, and therefore, any block diagram and
description illustrating the configuration of the liquid crystal
display device will be omitted.

4.1 Command Mode with RAM Write

[0200] Next, the configuration of a display control circuit
80 will be described. The display control circuit 80 in the
present embodiment uses a command mode and is provided
with RAM. Such a mode will be referred to below as the
“command mode RAM write”.

[0201] FIG. 12 is a block diagram illustrating the configu-
ration of the display control circuit 80 supporting the com-
mand mode with RAM write (referred to below as the “dis-
play control circuit 80 for the command mode with RAM
write”) in the present embodiment. The display control circuit
80 for the command mode with RAM write has the same
configuration as the display control circuit 70 for the video
mode with RAM capture, except that the data DAT includes
different types of data, as shown in FIG. 12.

[0202] The data DAT for the command mode includes the
command data CM, but it does not include any of the follow-
ing: the RGB data RGBD, the vertical synchronization signal
VSYNC, the horizontal synchronization signal HSYNC, the
data enable signal DE, and the clock signal CLK. The com-
mand data CM includes image data and various pieces of
timing data. The command register 37 transmits RAM write
data RAMW, which corresponds to the image data in the
command data CM, to the checksum circuit 32. The RAM
write data RAMW corresponds to the RGB data RGBD
described above.

[0203] Moreover, for the command mode, the timing gen-
erator 35 receives neither the vertical synchronization signal
VSYNC nor the horizontal synchronization signal HSYNC,
and therefore, the timing generator 35 internally generates an
internal vertical synchronization signal TVSYNC and an
internal horizontal synchronization signal IHSYNC, which
correspond to such signals, in accordance with an internal
clock signal ICK and a timing control signal TS. The timing
generator 35 controls the frame memory 51, the correction
circuit 33, the latch circuit 34, the data signal line control
signal output portion 36, and the scanning signal line control
signal output portion 41 in accordance with the internal ver-
tical synchronization signal IVSYNC and the internal hori-
zontal synchronization signal IHSYNC. Moreover, the tim-
ing generator 35 transmits a transmission control signal TE,
which corresponds to the vertical synchronization output sig-
nal VSOUT, to the host 1.

[0204] The functions and the connections of the other cir-
cuits are the same as in the display control circuit 70 for the
video mode with RAM capture in the second embodiment,
and therefore, any descriptions thereof will be omitted. More-
over, in the liquid crystal display device including the display
control circuit 70 for the video mode RAM capture, the opera-
tion for performing the boost charge drive and the effects
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achieved by such an operation are the same as those described
in conjunction with the first and second boost charge drive
modes in the first embodiment, and therefore, any descrip-
tions thereof will be omitted.

5. Variants

5.1 Variants of the Circuit for Determining the
Presence or Absence of an Image Change

[0205] In the above embodiments, to detect an image
change, the checksum circuit 32, which is one type of image
change detection circuit, compares the checksum values for
the RGB data for the preceding frame and the current frame,
thereby determining the presence or absence of an image
change. However, the image change detection circuit that can
be used in the present embodiment is not limited to this, and
image change detection circuits as below can also be used.
Accordingly, the image change detection circuits will be
described below as variants.

[0206] FIG. 13 is a block diagram illustrating the configu-
ration of an image change detection circuit 52 according to a
first variant. As shown in FIG. 13, the image change detection
circuit 52 includes a comparator circuit 52a and frame
memory 52b. The frame memory 524 initially stores RGB
data RGBD for a preceding frame, i.e., for one frame. Next,
when RGB data for the current frame is inputted to the com-
parator circuit 52a, the comparator circuit 52a reads the RGB
data for the preceding frame being stored in the frame
memory 525, and compares it directly with the RGB data
RGBD for the current frame. In this manner, the determina-
tion as to whether there is an image change is made. In this
case, even a slight image change can be detected. Note that the
frame memory 525 will also be referred to as the “second
frame memory”.

[0207] FIG. 14 is a block diagram illustrating the configu-
ration of an image change detection circuit 53 according to a
second variant. As shown in FIG. 14, the image change detec-
tion circuit 53 includes a determination circuit 534. The deter-
mination circuit 53a receives a signal S1, which indicates the
presence or absence of an image change, from the host 1,
along with RGB data RGBD. Accordingly, on the basis of the
signal S1, the determination circuit 53a determines whether
there is an image change. In this case, the need to provide
memory or suchlike can be eliminated, resulting in reduced
production cost for the image change detection circuit 53.
[0208] FIG. 15 is a block diagram illustrating the configu-
ration of an image change detection circuit 54 according to a
third variant. As shown in FIG. 15, the image change detec-
tion circuit 54 includes a determination circuit 54¢ and a
determination register 545. When a value PS, which indicates
the presence or absence of an image change, is provided by
the host 1, along with RGB data RGBD, the value PS, which
indicates the presence or absence of an image change, is
written to the determination register 545. The determination
circuit 54a determines whether there is an image change by
referring to the value PS written in the determination register
545. In this case, the determination as to whether there is an
image change can be made with a simplified configuration.
Note that the determination register 545 will also be referred
to as the “third register”.

[0209] Furthermore, in FIG. 12, a packet determination
circuit (not shown) may be provided in place of the checksum
circuit 32. In this case, the display control circuit 80 receives
a command transmitted by the host 1, and the packet deter-
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mination circuit reads a packet value specified in an image
determination packet contained in the header of the com-
mand. As a result, when the packet value being read is 0, it is
determined that there is no image change, and when the
packet value being read is 1, it is determined that there is an
image change. Thus, it is possible to readily and reliably
detect RAM write data RAMW including a changed image.
[0210] Furthermore, in FIG. 12, the host 1 transmits some
information to the command register 37 in advance in order to
notify the command register 37 of a frame to be transmitted in
which there is an image change, so that the information is
stored in memory (not shown) of the command register 37.
Moreover, a setting value determination circuit is provided in
place of the checksum circuit 32, so that every time the setting
value determination circuit is provided with RGB data, the
timing generator 35 reads the information stored in the com-
mand register 37 and determines whether the provided data is
RAM write data RAMW which includes a changed image.
Thus, it is possible to readily and reliably detect RAM write
data RAMW which includes a changed image.

5.2 Variants of the Circuit for Obtaining the Boost
Charge Voltage

[0211] Inthe above embodiments, the correction circuit 33
includes the LUT 33d with correction values for correcting
grayscale values for the current frame, which are stored cor-
responding only to combinations of equal grayscale values
based on RGB data for the preceding frame and the current
frame. However, the LUT that can be used with the correction
circuit 33 is not limited to this, and the following LUTs can be
used.

[0212] Inafirst variant, the LUT has stored therein correc-
tion values not only for combinations of equal grayscale
values for the preceding frame and the current frame but also
for combinations of different grayscale values. Note that the
LUT may have stored therein correction values for all com-
binations of 256x256 grayscale values or only for some ofthe
combinations.

[0213] In a second variant, the LUT has stored therein
correction values only for grayscale values for the current
frame. In this case, each correction value is determined only
on the basis of the grayscale value for the current frame,
regardless of the grayscale value for the preceding frame, and
therefore, it is not necessary to determine whether the gray-
scale value for the preceding frame and the grayscale value
for the current frame are equal. Thus, the configuration of the
correction circuit can be simplified, resulting in reduced pro-
duction cost for the liquid crystal display device.

[0214] In a third variant, a plurality of LUTs are provided
for different correction values for their respective tempera-
ture ranges, so that a correction value is obtained by switching
among the LUTs in accordance with the temperature of the
liquid crystal display device. Thus, luminance reduction due
to the writing of an image signal voltage can be suppressed
even in liquid crystal display devices to be used in a wide
temperature range.

[0215] Ina fourth variant, LUTs are provided for different
correction values for respective cases where the polarity for
inputted RGB data changes from positive to negative and
where the polarity changes from negative to positive. Accord-
ingly, correction values are obtained using the different LUTs
for the cases where the polarity for RGB data changes from
positive to negative and where the polarity changes from
negative to positive. Thus, even in the case where the response
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speed ofthe liquid crystal varies depending on the direction of
a voltage applied to the liquid crystal layer, selecting an
appropriate LUT makes it possible that luminance reduction
upon writing due to the direction of the applied voltage is kept
low to the same degree.

[0216] Furthermore, in the above variants, the boost charge
voltages are obtained using the LUTs, but the boost charge
voltages may be obtained using an interpolation circuit. FIG.
16 is a block diagram illustrating the configuration of a BC
voltage generation circuit 55 with an interpolation circuit. As
shown in FIG. 16, the BC voltage generation circuit 55
includes an interpolation circuit 55q, frame memory 55b
capable of storing image data for at least one frame, and
memory 55¢. The memory 55¢ has correction values stored
therein for combinations of grayscale values for the preceding
frame and the current frame. When the interpolation circuit
55a is provided with RGB data RGBD for the current frame,
the interpolation circuit 55a performs interpolation using a
correction value which corresponds to both the closest gray-
scale value to the grayscale value for the RGB data RGBD for
the preceding frame stored in the frame memory 554 and the
closest grayscale value to the grayscale value for the current
frame, the correction value being read by the interpolation
circuit 55q from the memory 55¢. Thus, it is possible to
correct the grayscale value for the current frame, thereby
obtaining image data which exhibits a boost charge voltage.

INDUSTRIAL APPLICABILITY

[0217] The present invention is used in display devices in
which pause drive is performed while controlling the timing
of performing refresh.

DESCRIPTION OF THE REFERENCE

CHARACTERS
[0218] 14 liquid crystal panel
[0219] 15 display portion
[0220] 16 scanning signal line driver circuit
[0221] 17 data signal line driver circuit
[0222] 20 pixel forming portion
[0223] 21 thin-film transistor (TFT)
[0224] 22 liquid crystal capacitance (pixel capacitor)
[0225] 23 pixel electrode
[0226] 32 checksum circuit
[0227] 33 correction circuit
[0228] 33d lookup table (LUT)
[0229] 34 latch circuit
[0230] 35 timing generator
[0231] 35a counter
[0232] 37 command register
[0233] 37ato 37c register
[0234] 51 frame memory
[0235] 52,53, 54 image change detection circuit
[0236] 55 BC voltage generation circuit
[0237] 60, 70, 80 display control circuit
[0238] GL scanning signal line
[0239] SL data signal line
[0240] BCTH boost charge threshold
[0241] NREF non-refresh frame number

1. A liquid crystal display device performing pause drive
with a pause frame for pausing screen refresh being set
between two refresh frames in which screen refresh is per-
formed, the device comprising:
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a display portion including a plurality of scanning signal
lines formed on an insulating substrate, a plurality of
data signal lines crossing each of the scanning signal
lines, and a plurality of pixel forming portions arranged
in a matrix corresponding to respective intersections of
the scanning signal lines and the data signal lines;

ascanning signal line driver circuit configured sequentially
to select the scanning signal lines;

a data signal line driver circuit configured to write image
signal voltages to the data signal lines, the image signal
voltages being generated on the basis of externally
inputted image data; and

a display control circuit configured to control the operation
of the scanning signal line driver circuit and the data
signal line driver circuit, wherein,

the display control circuit includes:

a correction circuit configured either to output correction
image data obtained by subjecting image data for a cur-
rent frame to a tone emphasizing process for emphasiz-
ing a temporal change or to output the image data for the
current frame without performing the tone emphasizing
process; and

a first register configured to store a preset threshold,

the display control circuit determines whether the number
of pause frames preceding the current frame is greater
than the threshold, and

when the number of pause frames is determined to be
greater than the threshold, the data signal line driver
circuit applies a boost charge voltage and an image sig-
nal voltage successively to the data signal lines, the
boost charge voltage being different in polarity from
image data for the pause frame and being based on the
correction image data outputted by the correction cir-
cuit, the image signal voltage having the same polarity as
the correction image data and being based on the image
data for the current frame, whereas when the number of
pause frames is determined to be less than the threshold,
thedata signal line driver circuit applies the image signal
voltage to the data signal lines, the image signal voltage
being different in polarity from the image data for the
pause frame.

2. The liquid crystal display device according to claim 1,
wherein the display control circuit further includes an image
change detection circuit configured to detect a state change of
the image data for the current frame.

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

the externally inputted image data is data that is inputted
successively on a frame-by-frame basis,

the image change detection circuit detects a change in an
image represented by the image data on a frame-by-
frame basis, and

when there is any change detected in the image, the display
control circuit starts providing both the correction image
data and the image data or only the image data to the data
signal line driver circuit from the next frame after the
frame with the detected image change.

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

wherein,

the display control circuit further includes:

a counter configured to count the number of consecutive
pause frames preceding the frame determined to have a
change in the image data; and
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asecond register configured to store a preset specific value,
and

the display control circuit determines whether the number
of counted pause frames is greater than the specific value
regardless of the presence or absence of a change in the
image, and provides both the correction image data out-
putted by the correction circuit and the image data suc-
cessively to the data signal line driver circuit when the
number is determined to be greater than the specific
value, or provides only the image data to the data signal
line driver circuit when the number is determined to be
less than the specific value.

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

wherein,

the externally inputted image data is data that is inputted
intermittently or in response to a transmission request
made by the liquid crystal display device, and

upon reception of the externally inputted image data, the
display control circuit starts providing both the correc-
tion image data and the image data or only the image
data to the data signal line driver circuit from a frame in
which the image data has been detected.

6. The liquid crystal display device according to claim 5,

wherein,

the display control circuit further includes:

a counter configured to count the number of consecutive
pause frames preceding the frame in which the image
data was detected as having been inputted; and

asecond register configured to store a preset specific value,
and

the display control circuit determines whether the number
of counted pause frames is greater than the specific value
regardless of whether the image data has been detected,
and provides both the correction image data outputted
by the correction circuit and the image data successively
to the data signal line driver circuit when the number is
determined to be greater than the specific value, or pro-
vides only the image data outputted by the correction
circuit to the data signal line driver circuit when the
number is determined to be less than the specific value.

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

wherein,

the display control circuit further includes first frame
memory configured to hold at least the image data whose
state change has been detected, the first frame memory
being rewritable memory, and

when the display portion displays the refresh frame, the
display control circuit reads the image data being held in
the first frame memory, and provides the image data to
the data signal line driver circuit.

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

wherein,

the display control circuit further includes an interface
portion configured to obtain the image data and a timing
signal from externally inputted data, the timing signal
being required for activating the display control circuit,
and

in accordance with a control signal generated from the
timing signal, the display control circuit controls the
timing of providing the image data or the correction
image data to the data signal line driver circuit.

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

wherein the display control circuit further includes a com-
mand register configured to output the image data as RAM
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write data in accordance with an externally inputted com-
mand, and internally generates a timing control signal for
operation control.

10. The liquid crystal display device according to claim 2,
wherein the image change detection circuit detects the pres-
ence or absence of an image change by comparing a value
obtained by an arithmetic operation using image data for a
preceding frame and a value obtained by an arithmetic opera-
tion using image data for a current frame.

11. The liquid crystal display device according to claim 2,
wherein the image change detection circuit detects the pres-
ence or absence of an image change by comparing image data
for a preceding frame and image data for a current frame.

12. The liquid crystal display device according to claim 2,
wherein the image change detection circuit detects the pres-
ence or absence of an image change on the basis of a prede-
termined signal that is externally inputted.

13. The liquid crystal display device according to claim 2,
wherein the image change detection circuit includes a third
register in which a value that specifies the presence or absence
of an image change is externally written, and detects the
presence or absence of an image change on the basis of the
value written in the third register.

14. The liquid crystal display device according to claim 2,
wherein the image change detection circuit is a checksum
circuit configured to obtain and to compare a checksum value
for the image data for the preceding frame and a checksum
value for the image data for the current frame.

15. The liquid crystal display device according to claim 2,
wherein the image change detection circuit detects the pres-
ence or absence of an image change on the basis of an image
determination packet contained in a header of the image data
for the current frame.

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

the display control circuit further includes a command

register having prestored information indicating
whether the image data to be transmitted includes a
changed image, and

upon each reception of the image data, the image change

detection circuit senses whether the image data includes
achanged image on the basis of the information stored in
the command register.

17. The liquid crystal display device according to claim 1,
wherein,

the correction circuit includes:

second frame memory configured to hold image data fora

preceding frame, and

a lookup table configured to store a correction value for

emphasizing a temporal change for each combination of
agrayscale value corresponding to the image data for the
preceding frame and a grayscale value corresponding to
the image data for the current frame, and

when the image data for the current frame is provided, the

correction circuit retrieves from the lookup table a cor-
rection value based on a grayscale value for the image
data for the preceding frame and a grayscale value for
the image data for the current frame, and performs the
tone emphasizing process based on the retrieved correc-
tion value.

18. The liquid crystal display device according to claim 17,
wherein the lookup table has correction values stored only for
combinations of equal grayscale values corresponding to the
image data for the preceding frame and the current frame.
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19. The liquid crystal display device according to claim 1,
wherein,

the pixel forming portion includes a thin-film transistor
functioning as a switching element and a pixel capacitor
connected to the thin-film transistor and charged with
the image signal voltage, and

the thin-film transistor is connected at a control terminal to
the scanning signal line, at a first conductive terminal to
the data signal line, and at a second conductive terminal
to a pixel electrode of the pixel capacitor, and has a
channel layer formed with In—Ga—Z7n—0.

20. A method for driving a liquid crystal display device
configured to display an image by applying alternating-cur-
rent voltages to liquid crystals in accordance with externally
inputted image data when performing pause drive with a
pause frame for pausing screen refresh being set between two
refresh frames in which screen refresh is performed, the
method comprising the steps of:

detecting whether there is any state change of image data
for a current frame;
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upon detection of a state change of the image data for the
current frame, determining whether the number of pause
frames preceding the current frame is greater than a
preset threshold,

when the number of pause frames is determined to be
greater than the threshold, applying a boost charge volt-
age and an image signal voltage successively to the data
signal lines, the boost charge voltage being different in
polarity from image data for the pause frame and being
based on correction image data obtained by subjecting
the image data for the current frame to a tone emphasiz-
ing process for emphasizing a temporal change, the
image signal voltage having the same polarity as the
correction image data and being based on the image data
for the current frame; and

when the number of pause frames is determined to be less
than the threshold, applying the image signal voltage to
the data signal lines, the image signal voltage being
different in polarity from the image data for the pause
frame.
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