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DISPLAY DEVICE, DISPLAY METHOD FOR
SAME, AND LIQUID CRYSTAL DISPLAY
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a display device that
performs display by a dot inversion driving method, a display
method for the same, and a liquid crystal display device.

BACKGROUND ART

[0002] In recent years, liquid crystal display devices are
rapidly spreading, replacing cathode ray tubes (CRTs). The
liquid crystal display devices have advantages of low energy
consumption, thin profile, light weight, and the like, and are
widely used as display panels for television receivers, per-
sonal computers, mobile phones, and the like.

[0003] In driving a liquid crystal display device, if a direct
current voltage (DC voltage) is applied to liquid crystal mol-
ecules over a long period of time, characteristics thereof are
deteriorated. Therefore, in order to avoid this problem, a
polarity inversion driving method is generally employed such
that the polarity of a voltage applied to the liquid crystal
molecules is periodically reversed. One of the conventional
polarity inversion driving methods is a line inversion driving
method. In this method, the polarity of the voltage that is
applied to the liquid crystal is reversed for respective adjacent
bus lines. That is, in the first frame, all of the pixels on
odd-numbered bus lines are applied with a positive polarity
voltage, and all of the pixels on even-numbered bus lines are
applied with a negative polarity voltage. Thereafter, in the
second frame, all of the pixels on the odd-numbered bus lines
are applied with a negative polarity data voltage, and all of the
pixels on the even-numbered bus lines are applied with a
positive polarity data voltage.

[0004] Recently, a driving method for a display device that
can achieve a reduction in power consumption has been dis-
closed. With this method, by having anidle period in which all
scanning signal lines are in a non-scanning state, the power
consumption for driving a liquid crystal display device is
reduced. For example, Patent Document 1 discloses a con-
figuration of a display device that has a writing/scanning
period and a non-writing/scanning period (idle period). In the
writing/scanning period, the display portion is applied with
voltages by line-scanning, and data writing is performed, and
in the non-writing/scanning period (idle period), data is not
written. In this configuration, the display device operates in a
normal operation mode during the writing/scanning period,
and operates in a power saving operation mode that uses less
power than the normal operation mode during at least part of
the non-writing/scanning period.

[0005] When the driving method with the idle period is
combined with the above-mentioned line inversion driving
method, if no source voltage is outputted from the data signal
lines, flickering would occur. This is because a change in
brightness is caused by a parasitic capacitance Csd between
each data signal line and each drain electrode when the driv-
ing period and the idle petiod are switched over to each other.

[0006] In order to solve this problem, when the driving
method with the idle period is combined with the line inver-
sion driving method, the frequency of the source voltage
during the idle period was set low. FIG. 6 shows waveforms of
various signals in this case.
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[0007] As shown in FIG. 6, during the normal driving
period, the frequency of the output of the source voltage is set
to high, and during the idle period, the frequency of the output
of the source voltage is set to low. As a result, while source
voltages are outputted during the idle period, because the
frequency thereof'is setto low, areduction in power consump-
tion can be achieved, and it is also possible to prevent the
degradation in display quality caused by flickering.

RELATED ART DOCUMENT

Patent Document

[0008] Patent Document 1: Japanese Patent Application
Laid-Open Publication, “Japanese Patent Application Laid-
Open Publication No. 2006-53349 (Published on Feb. 23,
2006)”

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0009] When the driving method in which the frequency of
the source voltage is set low during the idle period is com-
bined with a dot inversion driving method, the above-men-
tioned problem of flickering would occur. This is because, as
mentioned above, a change in brightness is caused by a para-
sitic capacitance Csd between each data signal line and each
drain electrode when the driving period and the idle period are
switched over to each other. Also, because the source voltages
are outputted during the idle period, it is not possible to
sufficiently reduce power consumption in driving the liquid
crystal display device.

[0010] As described above, when the dot inversion driving
method is combined with the above-mentioned driving
method, it is not possible to achieve both a sufficient reduc-
tion in power consumption and high-quality display without
flickering. This problem occurs not only in a liquid crystal
display device, but also in any matrix type display device.
[0011] The present invention was made in view of the
above-mentioned problems, and an object thereof is to pro-
vide a matrix type display device that can achieve both a
sufficient reduction in power consumption and high-quality
display in which flickering is sufficiently mitigated, a display
method thereof, and a liquid crystal display device.

Means for Solving the Problems

[0012] In order to achieve the above-mentioned object, a
display device according to one embodiment of the present
invention is a display device that performs display with a dot
inversion driving method, including a screen that has a plu-
rality of scanning signal lines and a plurality of data signal
lines arranged in a matrix and pixels provided for respective
intersections thereof; a signal line driver circuit that drives
each of the plurality of data signal lines; and a driving power
control unit that controls a driving power of the signal line
driver circuit, wherein an image is displayed by performing a
scan to select each of the scanning signal lines and supplying
data signals from the data signal lines to the pixels on a
selected scanning signal line, wherein an idle period in which
the plurality of data signal lines are set to have a constant
potential is provided during a prescribed period of time
between a driving period in which all of the scanning signal
lines are scanned and a next driving period, and wherein,
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during the idle period, the driving power control unit lowers a
driving power of the signal line driver circuit.

[0013] With this configuration, during the idle period, the
driving power of the signal line driver circuit is kept low, and
as aresult, a constant current that flows through the signal line
driver circuit can be reduced. Therefore, the average current
consumption of the signal line driver circuit is made smaller
than that of the conventional signal line driver circuit. Thus,
with the display device according to one embodiment of the
present invention, power consumption can be reduced as
compared with a conventional display device.

[0014] Thedatasignal lines are set to have a constant poten-
tial during the idle period such that the potential change in the
data signal lines is made smaller when the idle period and the
driving period are switched over to each other. This makes it
possible to prevent a potential change in pixels caused by the
potential change in the data signal lines, and as a result, a
difference in brightness caused by a difference in size of the
pixel potential change does not occur, which can prevent
flickering.

[0015] As described above, with the display device accord-
ing to one embodiment of the present invention, it is possible
to achieve both a sufficient reduction in power consumption
and high quality display in which flickering is sufficiently
mitigated.

[0016] In order to achieve the above-mentioned object, a
display method according to one embodiment of the present
invention is a display method of a display device that displays
an image by a dot inversion driving method, the display
device including a screen having a plurality of scanning sig-
nal lines and a plurality of data signal lines arranged in a
matrix and pixels provided for respective intersections
thereof, the display device displaying an image by perform-
ing a scan to select each of the plurality of scanning signal
lines, and providing data signals from the data signal lines to
the pixels on a selected scanning signal line, the method
including: a driving step of scanning all of the plurality of
scanning signal lines; and an idle step of setting the plurality
of data signal lines so as to have a constant potential, the idle
step being provided during a prescribed period of time
between the driving step and a next driving step, wherein, in
the idle step, a driving power of a circuit that drives each of the
data signal lines is lowered.

[0017] With this method, it is possible to provide a display
method that can achieve both a sufficient reduction in power
consumption and high quality display in which flickering is
sufficiently mitigated.

[0018] Additional objects, features, and effects of the
present invention shall be readily understood from the
descriptions that follow. Advantages of the present invention
shall become apparent by the following descriptions with
reference to the appended drawings.

Effects of the Invention

[0019] In the display device according to one embodiment
of the present invention, during the idle period, the driving
power of the signal line driver circuit is kept low, and as a
result, a constant current that flows through the signal line
driver circuit can be reduced. Also, in the display device
according to one embodiment of the present invention, the
data signal lines are set to have a constant potential during the
idle period such that the potential change in the data signal
lines is made smaller when the idle period and the driving
period are switched over to each other. This makes it possible
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to prevent a potential change in pixels caused by the potential
change in the data signal lines, and as a result, a difference in
brightness caused by a difference in size of the pixel potential
change does not occur, which can prevent flickering. Thus,
with the display device according to one embodiment of the
present invention, it is possible to achieve both a sufficient
reduction in power consumption and high quality display in
which flickering is sufficiently mitigated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a diagram showing waveforms of various
signals in driving a display panel of a display device accord-
ing to one embodiment of the present invention.

[0021] FIG.2isadiagram showing an overall configuration
of a display device according to one embodiment of the
present invention.

[0022] FIG. 3 is a diagram showing an internal configura-
tion, particularly, an output portion of a signal line driver
circuit according to one embodiment of the present invention.
[0023] FIG. 4 is a diagram showing changes in brightness
in driving a display device of one embodiment of the present
invention and changes in brightness in driving a conventional
display device.

[0024] FIG. 5 is a diagram showing waveforms of various
signals in driving a display panel of a display device accord-
ing to another embodiment of the present invention.

[0025] FIG. 6 is a diagram showing waveforms of various
signals in a line inversion driving method that has an idle
period.

DETAILED DESCRIPTION OF EMBODIMENTS

[0026] Below, embodiments of a display device according
to the present invention will be explained in details with
reference to figures.

[0027] (Configuration of Display Device 1)

[0028] First, a configuration of a display device 1 (liquid
crystal display device) of the present embodiment will be
explained with reference to FIG. 2. FIG. 2 is a diagram
showing an overall configuration of the display device 1. As
shown in the figure, the display device 1 includes a display
panel 2, a scanning line driver circuit (gate driver) 4, a signal
line driver circuit (source driver) 6, a common electrode
driver circuit 8, a timing controller 10, and a power generation
circuit 13. The timing controller 10 includes a control signal
output part (driving power control unit) 12. The display
device 1is a matrix type display device that is driven by a dot
inversion driving method.

[0029] The display panel 2 includes a screen that has a
plurality of pixels arranged in a matrix, N (N is an integer)
number of scanning signal lines G (gate lines) for scanning
the screen in a line-sequential manner, and M (M is an integer)
number of data signal lines S (source lines) for providing data
signals to pixels on respective selected lines. The scanning
signal lines G and the data signal lines S are arranged so as to
intersect with each other, and pixels are provided for the
respective intersections. That is, a region enclosed by two
adjacent scanning signal lines G and two adjacent data signal
lines S is one pixel.

[0030] G(n) in FIG. 1 represents the n-th (n is an integer)
scanning signal line G. For example, G(1), G(2), and G(3)
respectively represent the first, second, and third scanning
signal lines G. On the other hand, S(i) represents the i-th (i is
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an integer) data signal line S. For example, S(1), S(2), and
S(3) respectively represent the first, second, and third data
signal lines S.

[0031] The scanning line driver circuit 4 scans the respec-
tive scanning signal lines G from the top to bottom of the
screen in a line-sequential manner. During the scan, the scan-
ning line driver circuit 4 outputs to each scanning signal line
G a square wave to turn on switching elements (TFTs) pro-
vided for respective pixels and connected 1o respective pixel
electrodes. This way, pixels on each line in the screen are set
to a selected state.

[0032] Thesignal line driver circuit 6 calculates, based on a
received image signal (the arrow A), values of voltages to be
applied to the selected pixels for one line, and outputs the
voltages to the respective data signal lines S. As a result,
image data is supplied to the respective pixels on the selected
scanning signal line G.

[0033] The display device 1 includes a common electrode
(not shown) disposed to face the respective pixels in the
screen. The common electrode driver circuit 8 outputs to the
common electrode a prescribed common voltage for driving
the common electrode, based on a signal (the arrow B) sent
from the timing controller 10.

[0034] Thetiming controller 10 outputs reference signals to
the respective circuits such that the respective circuits operate
in a synchronized manner, based on received horizontal syn-
chronization signal Hsync and vertical synchronization sig-
nal Vsync (the allow D). Specifically, the timing controller 10
outputs a gate start pulse signal and a gate clock signal to the
scanning line driver circuit 4 (the arrow E), and outputs a
source start pulse signal, a source latch strobe signal, and a
source clock signal to the signal line driver circuit 6 (the arrow
F).

[0035] Upon receipt of the gate start pulse signal from the
timing controller 10, the scanning line driver circuit 4 starts
scanning the display panel 2, and applies a select voltage to
the respective scanning signal lines G sequentially, based on
the gate clock signal. Upon receipt of the source start pulse
signal from the timing controller 10, the signal line driver
circuit 6 stores the received image data for each pixel in a
register according to the source clock signal, and writes the
image data into the respective data signal lines S in the display
panel 2 according to the subsequent source latch strobe sig-
nal.

[0036] The power generation circuit 13 generates voltages
Vdd, Vdd2, Vee, Vgh, and Vgl that are necessary to operate
the respective circuits in the display device 1. Vee, Vgh, and
Vglare outputted to the scanning line driver circuit4, Vdd and
Vee are outputted to the signal line driver circuit 6, Ve is
outputted to the timing controller 10, and Vdd2 is outputted to
the common electrode driver circuit 8.

[0037] (Driving Period and Idle period)

[0038] Driving of the display device 1 according to the
present embodiment will be explained in detail with reference
to FIG. 3. FIG. 3 is a diagram showing an internal configu-
ration, particularly, an output portion of the signal line driver
circuit 6.

[0039] As shown in FIG. 3, the signal line driver circuit 6 is
provided with a plurality of analog amplifiers 14. The analog
amplifiers 14 are provided for the respective data signal lines
S. Therefore, the signal line driver circuit 6 of the present
embodiment is provided with M number of analog amplifiers
14. That is, the number of the analog amplifiers 14 and the
number of the data signal lines S are the same.
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[0040] The signal line driver circuit 6 further includes con-
trol signal lines for inputting control signals (the arrow G of
FIG. 1) to the respective analog amplifier 14. The respective
control signal lines are connected to the control signal output
part 12 of the timing controller 10. Also, in the signal line
driver circuit 6, the respective control signal lines are con-
nected to the respective analog amplifiers 14 in parallel with
each other.

[0041] As described above, Vdd is a power source supplied
from the power generation circuit 13 in the display device 1,
and is used to operate the respective circuits in the display
device 1 including the signal line driver circuit 6. The analog
amplifiers 14 are also operated by receiving Vdd.

[0042] The control signal output part 12 of the timing con-
troller 10 outputs a control signal that defines a power (driving
power) of each analog amplifier 14 to each analog amplifier
14 of the signal line driver circuit 6 at a prescribed timing.
Specifically, the control signal output part 12 raises the volt-
age of the control signal to a value H (high level) upon receipt
of a vertical synchronization signal Vsync or at a prescribed
timing, and thereafter sets the voltage of the control signal to
a value L (low level) upon receipt of the next vertical syn-
chronization signal Vsync orat aprescribed timing. When the
control signal is set to the value H, the analog amplifier 14 is
in a normal state, and operates with a normal driving power.
When the control signal is set to the value L, the analog
amplifier 14 is in a low-driving power state, and operates with
a lower driving power.

[0043] In driving the display panel 2, the display device 1
repeats a driving period that lasts for a prescribed period of
time and an idle period that lasts for a prescribed period of
time. During the driving period, the control signal is set to the
value H such that the analog amplifiers 14 are operated in a
normal state, and the scanning signal is set to Vgh to turn the
gates of the TFTs on. That is, the driving period is a scanning
period in which voltages necessary for display are written into
the pixel electrodes. In the present embodiment, the driving
period lasts for one vertical period.

[0044] On the other hand, during the idle period, the control
signal is set to the value L such that the analog amplifiers 14
are operated in the lower driving power state, and the scan-
ning signal is set to Vgl to turn the gates of the TFTs off. That
is, the idle period is a non-scanning period in which writing to
the pixel electrodes is not performed. In the present embodi-
ment, the idle period lasts for two vertical periods subsequent
to the driving period.

[0045]

[0046] Waveforms of various signals used to drive the dis-
play panel will be explained in detail. FIG. 1 is a diagram
showing waveforms of various signals in driving the display
panel 2 of the display device 1 according to one embodiment
of the present invention.

[0047] AsshowninFIG. 1, inthedisplay device 1, Vsync is
inputted in every vertical period. In synchronization with
Vsyne, first, the voltage of the control signal is changed from
the value [Ltothe value H. As aresult, the analog amplifiers 14
provided in the signal line driver circuit 6 are switched from
the low driving power state to the normal state. The control
signal remains at the value H until all of the scanning signal
lines G are scanned.

[0048] Next, in synchronization with Vsync, a voltage
applied to the first scanning signal line G(1) is changed from

(Signal Waveform)
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Vgl (the value L) to Vgh (the value H). This turns on the gates
of the TFTs in the pixels connected to the scanning signal line
G).

[0049] Next, in synchronization with Vsync, a data signal is
outputted to each data signal line S from the analog amplifier
14 connected to that data signal line S(i). As a result, voltages
necessary for display (display voltages) are supplied to the
respective data signal lines S, and are written into the pixel
electrodes via TFTs. The display device 1 drives the display
panel 2 in a dot inversion manner, and therefore, every time
pixels to be selected are changed, the polarity of the voltages
applied to the data signal lines S is inversed. For example, in
FIG. 1, when the first scanning signal line G(1) is selected, the
first data signal line S(1) is applied with a data signal that
changes from negative to positive, and the second data signal
line S(2) is applied with a data signal that changes from
positive to negative.

[0050] After the voltages necessary for display are applied,
display voltages are outputted to the pixels connected to the
second scanning signal line G(2). The pixels connected to
each scanning signal line G subsequent to the first scanning
signal line are supplied with display voltages in a manner
similar to the pixels connected to the first scanning signal line
G.

[0051] After scanning the entire scanning signal lines G,
the driving period is completed. That is, one vertical period is
completed. When the first vertical period is ended, next V
sync is inputted, and in synchronization with Vsync, the volt-
age of the control signal is changed from the value H to the
value L. As a result, the analog amplifiers 14 provided in the
signal line driver circuit 6 are switched from the normal state
to the low-driving power state. At this time, as described in
detail below, each data signal line S(i) is set so as to have a
constant potential. This does not largely affect display,
because the voltages necessary for display have already been
applied to the pixel electrodes.

[0052] When the control signalis changed from the value H
to the value L, the gate voltage is changed from Vghto Vgl. As
aresult, the gate of each TFT returns to the OFF state from the
ON state. The control signal remains at the value T until the
idle period is over. That is, after two vertical periods have
passed, the voltage of the control signal is changed from the
value L to the value H in synchronization with Vsync. As a
result, the analog amplifiers 14 in the signal line driver circuit
6 are switched back to the normal state from the low-driving
power state.

[0053] (Data Signal Lines during Idle Period)

[0054] During the idle period, the potential of each data
signal line S(i) is kept constant. During this period, a voltage
outputted from the signal line driver circuit 6 is one of source
voltages A to D shown in FIG. 1, for example.

[0055] Specifically, in the source voltage A, after all scan-
ning signal lines G are scanned (display voltages are sup-
plied) in the driving period, the idle period starts, and the
output from the signal line driver circuit 6 is set to a high-
impedance (Hi-Z) state. This creates a floating state of the
potential of each data signal line S(i), and therefore, the
potential of each data signal line S(i) does not change. In this
case, during the idle period, the data signal lines are not
driven, and the data signals are not supplied to the respective
pixels that constitute the display panel 2. That is, during this
period, image data is not written into each pixel, and there-
fore, even though the output of the signal line driver circuit 6
is in a high-impedance state, image display is not affected.
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[0056] 1In the source voltage B, after all scanning signal
lines G are scanned (display voltages are supplied) in the
driving period, the idle period starts, and the output of the
signal line driver circuit 6 is set to a ground (GND) potential.
This makes the potential of each data signal line S(i) a GND
potential, and therefore, the potential of each data signal line
S(@i) does not change. In this case, during the idle period,
image data is not written into each pixel, and therefore, even
though the output of the signal line driver circuit 6 is set to a
GND potential, image display is not affected.

[0057] In the source voltage C, after all scanning signal
lines G are scanned (display voltage application) in the driv-
ing period, the idle period starts, and the output of the signal
line driver circuit 6 is set to a high voltage. The high voltage
is a voltage that has the largest difference from a ground
potential between a voltage outputted to each data signal line
S(i) when displaying the lowest gradation level and a voltage
outputted to each data signal line S(i) when displaying the
highest gradation level. For example, if the display device 1 is
an 8-bit normally black mode device, and when the output
voltage (positive polarity) for displaying the 0 gradation level
is 1.0V, and the output voltage (positive polarity) for display-
ing the 255 gradation level is 5.0V, the high voltage is 5.0V. If
the display device 1 is a 6-bit normally white mode device,
and when the output voltage (positive polarity) for displaying
the 0 gradation level is 4.0V, and the output voltage (positive
polarity) for displaying the 64 gradation level is 1.0V, the high
voltage is 4.0V. In this way, the potential of each data signal
line S(i) is set to the high voltage, and therefore, the potential
of the data signal line S(1) does not change. In this case, during
the idle period, image data is not written into each pixel, and
therefore, even though the output of the signal line driver
circuit 6 is set to a high voltage, image display is not affected.
[0058] On the other hand, in the source voltage D, after all
scanning signal lines G are scanned (display voltages are
supplied) in the driving period, the idle period starts, and the
output of the signal line driver circuit 6 is set to the voltage
that was outputted at the last scanning signal line G(N). As a
result, the potential of each data signal line S(i) is set to the
potential that was outputted to the data signal line S(i) at the
last scanning signal line G(N), and therefore, the potential of
the data signal line S(i) does not change. In this case, during
the idle period, image data is not written into each pixel, and
therefore, even though the output of the signal line driver
circuit 6 is set to the voltage that was outputted at the last
scanning signal line G(N), image display is not affected.
[0059] As described above, by keeping the potential of each
data signal line S(i) constant during the idle period, an occur-
rence of flickering can be mitigated. The reason will be
explained below.

[0060] FIG. 4 is a diagram showing changes in brightness
when driving a display device 1 of the present embodiment
and changes in brightness when driving a conventional dis-
play device. In this figure, the vertical axis represents a rela-
tive brightness, and the horizontal axis represents time. In this
figure, the pixels are applied with a positive polarity voltage at
the point X (positive polarity writing), and the pixels are
applied with a negative polarity voltage at the point Y (nega-
tive polarity writing). The conventional display device is
driven by a conventional dot inversion driving method that
does not have an idle period.

[0061] As shown in FIG. 4, in the conventional display
device, when the positive polarity writing is performed (point
X), the brightness is changed. This is because a source-drain
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parasitic capacitance (Csd) is formed in an overlapping area
of a pixel electrode and a data signal line, and through this
capacitance, the potential of the pixel is affected by the poten-
tial change in the data signal line (the arrows P and Q in the
figure). Because the changes due to the respective data signal
lines are not necessarily the same throughout the screen, the
differences in size of potential change in the respective pixels
are shown as differences in brightness among the respective
horizontal lines (that is, flickering), and as a result, a uniform
display cannot be achieved.

[0062] Similarly, when the negative polarity writing is per-
formed (pointY), the potential of each pixel is changed by the
potential change in a data signal line (the arrows R and S in the
figure). As a result, the differences in size of potential change
in the respective pixels are shown as differences in brightness
among the respective horizontal lines.

[0063] In contrast, in the display device 1 of the present
embodiment, as shown in FIG. 4, the brightness does not
change almost at all in the positive polarity writing, and the
brightness change in the negative polarity writing is smaller
than that in the conventional display device. This is because
the potential of each data signal line S(i) is kept constant
during the idle period, thereby reducing the size of the poten-
tial change in the data signal line S(i) when the idle period and
the driving period are switched over to each other. This makes
it possible to reduce a change in the potential in each pixel
caused by a potential change in a data signal line S(i). As a
result, the difference in brightness is not caused by the differ-
ence in size of potential change among pixels, which makes it
possible to prevent flickering.

[0064] (Power Consumption in Display Device 1)

[0065] The problem of power consumption in a conven-
tional display device will be explained. A display device
having a typical resolution WSVGA (1024RGBx600) will be
explained as an example. This display device requires 3072
(1024x3 (RGB)) analog amplifiers in a signal line driver
circuit. The respective analog amplifiers are elements that
output data signals to the data signal lines. Each analog ampli-
fier is applied with a constant current of about 0.01 mA to
ensure the output power.

[0066] Therefore, the total constant current in the 3072
analog amplifiers is about 30.7 mA. The signal line driver
circuit is generally supplied with a power (Vdd) of about 10V,
and therefore, power consumption of the signal line driver
circuit is 10Vx30.7 mA=307 mA. This value accounts for a
large part of power consumption of the entire display device,
and is one of the major factors that hinder a reductionin power
consumption of the display device.

[0067] Ontheother hand, the display device 1 of the present
embodiment can be operated with less power than the con-
ventional display device. The reason will be explained below.
[0068] In the display device 1, the potential of each data
signal line S(i) is kept constant during the idle period. When
the potential of each data signal line S(i) is kept constant, an
analog amplifier 14 only needs a smaller current to keep the
potential of the data signal line S(i) constant. Therefore, it is
possible to reduce a current that the analog amplifier 14
supplies to the data signal line S(i). As a result, even when the
analog amplifier 14 connected to the data signal line S(i) is set
to the low-driving power state, voltage supply to the data
signal line S(i) can be done without any problem.

[0069] This allows the driving power of the analog ampli-
fiers 14 to be reduced during the idle period, and therefore, it
is possible to reduce the power consumption in the signal line
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driver circuit 6. As a result, a reduction in power consumption
in the display device 1 is achieved.

[0070] Also, as described above, in the display device 1 of
the present embodiment, the potential of each data signal line
S(i) is kept constant during the idle period, which makes it
possible to prevent the occurrence of flickering. Thus, with
the display device 1 according to the present embodiment, it
is possible to achieve both a sufficient reduction in power
consumption and high quality display in which flickering is
sufficiently mitigated.

[0071] (Configuration with Gradation Amplifier)

[0072] In the present embodiment, the number of the ana-
log amplifiers 14 and the number of the data signal lines S do
not have to be the same. For example, when configured such
that the analog amplifiers 14 are provide for respective gra-
dation levels, the number thereof can be made smaller than
that of the data signal lines S. This example will be explained
below.

[0073] Inthis example, the signal line driver circuit 6 of the
display device 1 is provided with 256 analog amplifiers (gra-
dation levels) 14. Each analog amplifier 14 outputs one of VO
to V255, which are voltages to display respective gradation
levels of 0 to 255, to a data signal line S(i). The voltage to be
outputted is fixed to each analog amplifier 14, and there is
only one analog amplifier 14 that outputs the same voltage.
[0074] The output of each analog amplifier 14 can be con-
nected to all of the data signal lines S in the display panel 2.
Thus, it is possible to output the same voltage from one analog
amplifier 14 to an appropriate number of data signal lines S.
When driving the display panel 2, each data signal line S(i)
connected to a pixel on the selected scanning signal line G is
connected to an analog amplifier 14 that outputs a voltage
corresponding to a gradation level to be displayed in that
pixel.

[0075] Each analog amplifier 14 can receive the above-
mentioned control signal. Therefore, the driving method
explained with reference to FIG. 1 can be performed. That is,
during the idle period, which lasts for two vertical periods, all
of 256 analog amplifiers 14 are set to the low-driving power
state. This makes it possible to reduce a constant current
during the idle period, and as a result, the power consumption
can be reduced.

[0076] (Additional Notes)

[0077] The present invention is not limited to the above-
mentioned embodiment, and various modifications can be
made without departing from the scope of the claims. That is,
embodiments obtained by combining techniques modified
without departing from the scope of the claims are also
included in the technical scope of the present invention.

[0078] During the idle period, if at least one of the analog
amplifiers 14 in the signal line driver circuit 6 is set to the
low-driving power state, an effect of reducing power con-
sumption can be obtained while making possible a video
display. It is preferable to set all of the analog amplifiers 14 to
the low-driving power state to obtain maximum effect in
reducing the power consumption.

[0079] However, when a video is displayed on the entire
screen, setting some of the analog amplifiers 14 to the low-
driving power state possibly causes an image to crash due to
weak battery. In this case, it is preferable to determine analog
amplifiers 14 to be set to the low-driving power state so as not
to affect the video display. Even in this case, the power con-
sumption can be sufficiently reduced.
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[0080] When the video display is performed only in a part
of the entire screen, it is preferable that analog amplifiers 14
in a region where a still image is displayed be set to the
low-driving power state, and analog amplifiers 14 in a region
wherea video is displayed be set to the normal state. This way,
the power consumption can be reduced as a whole.

[0081] The end of the driving period does not necessarily
coincide with the end of a vertical period. The start of the idle
period does not necessarily coincide with the start of a vertical
period subsequent to the driving period. The end of the idle
period does not necessarily coincide with the end of the two
vertical periods subsequent to the driving period, and may
occur prior to it. That is, the driving period and the idle period
may be shorter than one vertical period, or may be longer than
one vertical period.

[0082] For example, it is possible to have both the driving
period and the idle period in one vertical period. That is, it is
also possible to employ a configuration in which, in a vertical
period, the driving period starts and ends, which is immedi-
ately followed by the idle period, and the idle period ends
when the vertical period ends. This example will be explained
with reference to FIG. 5. FIG. 5 is a diagram showing various
signal waveforms in driving the display panel 2 of the display
device 1 of another embodiment of the present invention.
[0083] When one vertical period is divided into the driving
period and the idle period in driving the display panel 2, first,
the voltage of the control signal is changed from the value H
to the value L in synchronization with Vsync. As a result, the
analog amplifiers 14 in the signal line driver circuit 6 are
switched to the normal state from the low-driving power state.
The control signal is maintained at the value H until all of the
scanning signal lines G are scanned.

[0084] Next, in synchronization with Vsync, a voltage
applied to the first scanning signal line G(1) is changed from
Vgl (the value I.) to Vgh (the value H). This turns on the gates
of the TFTs in the pixels connected to the scanning signal line
G(1).

[0085] Next, in synchronization with Vsync, each data sig-
nal line S is supplied with a data signal from an analog
amplifier 14 that is connected to that data signal line S(i). As
a result, voltages necessary for display (display voltages) are
supplied to the respective data signal lines S, and are written
into the pixel electrodes via TFTs. The display device 1 drives
the display panel 2 in a dot inversion manner, and therefore,
every time pixels to be selected are changed, the polarity of
the voltages applied to the data signal lines S is inversed. For
example, in FIG. 1, when the first scanning signal line G(1) is
selected, the first data signal line S(1) is applied with a data
signal that changes from negative to positive, and the second
data signalline S(2) is applied with a data signal that changes
from positive to negative.

[0086] After the voltages necessary for display are applied,
display voltages are outputted to the pixels connected to the
second scanning signal line G(2). The pixels connected to
each scanning signal line G subsequent to the first scanning
signal line are supplied with display voltages in a manner
similar to the pixels connected to the first scanning signal line
G.

[0087] After scanning all of the scanning signal lines G, the
driving period is completed. Thereafter, the voltage of the
control signal is changed from the value H to the value L. As
a result, the analog amplifiers 14 provided in the signal line
driver circuit 6 are switched from the normal state to the
low-driving power state. Here, as in the above embodiment,
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the data signal lines S are set to have a constant potential.
During this period, a voltage outputted from the signal line
driver circuit 6 is one of source voltages A'to D' shown in FIG.
5, for example.

[0088] In the source voltage A', the output from the signal
line driver circuit 6 is set to the high impedance state (Hi-Z7)
during the idle period, and in the source voltage B', the output
from the signal line driver circuit 6 is set to a ground (GND)
potential during the idle time. On the other hand, in the source
voltage C', the output from the signal line driver circuit 6 is set
to a high voltage during the idle time, and in the source
voltage D', during the idle period, the output of the signal line
driver circuit 6 is set to the voltage that was outputted at the
last scanning signal line G(N). This does not largely affect the
display, because the voltages necessary for display have
already been applied to the pixel electrodes.

[0089] When the control signalis changed from the value H
to the value L, the gate voltage is changed from Vgh to Vgl. As
aresult, the gate ofeach TFT returns to the OFF state from the
ON state. The control signal remains at the value L until the
idle period is over. When the first vertical period is completed,
the next Vsync is inputted, and in synchronization with this
Vsyne, in synchronization with the Vsync, the voltage of the
control signal is changed from the value L to the value H. As
a result, the analog amplifiers 14 in the signal line driver
circuit 6 are switched back to the normal state from the
low-driving power state.

[0090] A period of time required for completing applica-
tion of the voltages necessary for display, in other words, the
driving period, mainly depends on the characteristics of
TFTs. Therefore, the period of time can be calculated based
on the design values and the like of the TFTs, and can be used
by being stored in the display device 1. That is, the idle period,
in other words the non-scanning period, can be a period
having an appropriate length of time that occurs between the
end of the driving period and the end of one horizontal syn-
chronization period.

[0091] In the above-mentioned embodiment, the driving
period lasts for one vertical period, and the idle period lasts
for two vertical periods, which reduces the frequency of
rewriting the screen per unit time. As a result, the refresh rate
in each pixel is lowered. The lower refresh rate means a
smaller number of images can be displayed in one second,
and therefore, it is not possible to play a video smoothly. For
example, generally, the refresh rate is set to 60 Hz, and 60
images are displayed per second. However, if the driving
period and the idle period are set to last for one vertical period
and two vertical periods, respectively, the refresh rate
becomes one third of the normal refresh rate, which is 20 Hz.
That is, because only 20 images can be displayed per second,
some images in the video will not be displayed. If the driving
period and the idle period are configured so as to occur within
one vertical period, the idle period is ended within the vertical
period. Specifically, in every vertical period, the analog
amplifiers 14 are set to the normal state, and a voltage neces-
sary for display is outputted to each data signal line S(i). As a
result, the refresh period of each pixel becomes equal to one
vertical period, and in other words, the image can be refreshed
in every vertical period. Because the refresh rate of the images
is not reduced, it is possible to play a video smoothly.
[0092] (Summary of Embodiments)

[0093] As described above, in a display device according to
one embodiment of the present invention, the signal line
driver circuit outputs the data signal to each of the data signal
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lines during the driving period, and during the idle period, the
signal line driver circuit sets an output to the respective data
signal lines to one of a high-impedance state, a ground poten-
tial, and a high voltage, such that the plurality of data signal
lines have a constant potential.

[0094] In the display device according to one embodiment
of the present invention, the signal line driver circuit outputs
the data signal to each of the data signal lines during the
driving period, and during the idle period, the signal line
driver circuit outputs to each of the data signal lines the data
signal that has a largest difference from a ground potential
between the data signal outputted to each of the data signal
lines when displaying a lowest gradation level and the data
signal outputted to each of the data signal lines when display-
ing a highest gradation level, such that the plurality of data
signal lines have a constant potential.

[0095] Inthe display device according to one embodiment
of the present invention, the signal line driver circuit outputs
the data signal to each of the data signal lines during the
driving period, and during the idle period, the signal line
driver circuit outputs to the respective data signal lines the
data signal that was outputted to each of the data signal lines
at a scanning signal line that was selected in the end of the
driving period, such that the plurality of data signal lines have
a constant potential.

[0096] With these configurations, the potential of the data
signal lines does not change almost at all. This makes it
possible to prevent an occurrence of flickering and to achieve
high quality display without flickering.

[0097] Inthe display device according to one embodiment
of the present invention, the signal line driver circuit includes
a plurality of analog amplifiers that are provided for the
respective data signal lines, and the driving power control unit
lowers adriving power of at least one of the plurality of analog
amplifiers.

[0098] In the display device according to one embodiment
ofthe present invention, the driving power control unit lowers
a driving power of all of the analog amplifiers.

[0099] With these configurations, it is possible to reduce a
constant current flowing through the analog amplifiers during
the idle period. Also, by lowering the driving power of all of
the analog amplifiers, a reduction in power consumption can
be maximized.

[0100] Thedisplay device according to one embodiment of
the present invention further includes a scanning line driver
circuit that outputs signals that turn on and off a gate of each
of switching elements connected to respective pixel elec-
trodes, and the scanning line driver circuit outputs a signal
that turns off a gate of each of the switching elements at a start
of the idle period.

[0101] With this configuration, during the idle period, the
data signal lines are not driven, and data signals are not
supplied to the respective pixels. That is, during this period,
image data is not written into each pixel, and therefore, the
state of the output of the signal line driver circuit does not
affect image display.

[0102] Inthe display device according to one embodiment
of the present invention, a start of the driving period coincides
with a start of a vertical period, and a start of the idle period
coincides with a start of another vertical period.

[0103] Inthe display device according to one embodiment
of the present invention, the driving period starts at a same
time as a start of a vertical period, and ends within the vertical
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period, and the idle period starts immediately after the driving
period is completed, and ends at a same time as an end of the
vertical period.

[0104] With this configuration, the driving period and the
idle period may be shorter than one vertical period, or may be
longer than one vertical period. When the driving period and
the idle period are provided in one vertical period, the refresh
rate in each pixel becomes equal to one vertical period, and in
other words, an image is refreshed in every vertical period. As
a result, the refresh rate of images is not reduced, and there-
fore, it is possible to play a video smoothly.

[0105] Inthe display device according to one embodiment
of the present invention, when the idle period is completed,
the driving power control unit returns the driving power of the
signal line driver circuit to a normal driving power, and the
scanning line driver circuit outputs a signal that turns on a gate
of each of the switching elements.

[0106] With this configuration, when the next driving
period is started, normal voltages can be applied to pixels.
[0107] Thedisplay device according to one embodiment of
the present invention is a liquid crystal display device.
[0108] With this method, it is possible to provide a liquid
crystal display device that can achieve both a sufficient reduc-
tion in power consumption and high quality display in which
flickering is sufficiently mitigated.

[0109] Specific embodiments and examples provided in the
Detailed Description of Embodiments are to merely illustrate
the technical content of the present invention, and the present
invention shall not be narrowly interpreted by being limited to
such examples. Various modifications can be made without
departing from the spirit of the present invention and the
scope of the appended claims.

INDUSTRIAL APPLICABILITY

[0110] A display device according to the present invention
canbe widely used as various display device such that a liquid
crystal display device, an organic EL display device, an elec-
tric paper.

DESCRIPTION OF REFERENCE CHARACTERS

[0111] 1 display device

[0112] 2 display panel

[0113] 4 scanning line driver circuit
[0114] 6 signal line driver circuit
[0115] 8 common electrode driver circuit
[0116] 10 timing controller

[0117] 12 control signal output part
[0118] 13 power generation circuit
[0119] 14 analog amplifier

[0120] S data signal line

[0121] G scanning signal line

1. A display device that performs display with a dot inver-

sion driving method, comprising:

a screen having a plurality of scanning signal lines and a
plurality of data signal lines arranged in a matrix and
pixels provided for respective intersections thereof;,

a signal line driver circuit that drives each of the data signal
lines; and

a driving power control unit that controls a driving power
of the signal line driver circuit,

wherein display is conducted by performing a scan to
select each of the scanning signal lines and supplying
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data signals to the pixels on a selected scanning signal
line from the data signal lines, and

wherein, during a prescribed period of time between one

driving period in which all of the scanning signal lines
are scanned and a next driving period, an idle period is
provided during which potentials of the plurality of data
signal lines are kept constant, and during the idle period,
the driving power control unit lowers a driving power of
the signal line driver circuit.

2. The display device according to claim 1, wherein the
signal line driver circuit outputs the data signals to the respec-
tive data signal lines during the driving period, and during the
idle period, the signal line driver circuit sets an output thereof
to the respective data signal lines to one of a high impedance
state and a ground potential, such that the plurality of data
signal lines have a constant potential.

3. The display device according to claim 1, wherein the
signal line driver circuit outputs the data signals to the respec-
tive data signal lines during the driving period, and during the
idle period, the signal line driver circuit outputs to the respec-
tive data signal lines the data signal that has a largest differ-
ence from a ground potential between the data signal output-
ted to the respective data signal lines when displaying a
lowest gradation level and the data signal outputted to the
respective data signal lines when displaying a highest grada-
tion level, such that the plurality of data signal lines have a
constant potential.

4. The display device according to claim 1, wherein the
signal line driver circuit outputs the data signals to the respec-
tive data signal lines during the driving period, and during the
idle period, the signal line driver circuit outputs to the respec-
tive data signal lines the data signal that was outputted to the
respective data signal lines at a scanning signal line that was
selected in the end ofthe driving period, such that the plurality
of data signal lines have a constant potential.

5. The display device according to claim 1, wherein the
signal line driver circuit includes a plurality of analog ampli-
fiers provided for the respective data signal lines, and

wherein the driving power control unit lowers a driving

power of at least one of the plurality of analog amplifiers.

6. The display device according to claim 5, wherein the
driving power control unit lowers a driving power of all of the
analog amplifiers.

Aug. 29,2013

7. The display device according to claim 1, further com-
prising a scanning line driver circuit that outputs a signal that
turns on or off a gate of each of switching elements connected
to respective pixel electrodes,

wherein the scanning line driver circuit outputs a signal

that turns off a gate of each of the switching elements at
a start of the idle period.

8. The display device according to claim 1, wherein a start
of the driving period coincides with a start of a vertical period,
and

wherein a start of the idle period coincides with a start of

another vertical period.

9. The display device according to claim 1, wherein a start
ofthe driving period coincides with a start of a vertical period,

wherein the driving period is completed within the vertical

period,

wherein the idle period starts immediately after the driving

period, and

wherein an end of the idle period coincides with an end of

the vertical period.

10. The display device according to claim 7, wherein at an
end of the idle period, the driving power control unit returns
a driving power of the signal line driver circuit to a normal
driving power, and the scanning line driver circuit outputs a
signal that turns on a gate of each of the switching elements.

11. The display device according to claim 1, wherein the
display device is a liquid crystal display device.

12. A display method of a display device that performs
display with a dot inversion driving method, the display
device including a screen having a plurality of scanning sig-
nal lines and a plurality of data signal lines arranged in a
matrix and pixels provided for respective intersections
thereof, the display device conducting display by performing
a scan to select each of the scanning signal lines and supply-
ing data signals to the pixels on a selected scanning signal line
from the data signal lines, the method comprising:

a driving step of scanning all of the scanning signal lines;

and

an idle step in which the plurality of data signal lines are set

to have a constant potential, the idle step being provided
during a prescribed period of time between the driving
step and a next driving step,

wherein, in the idle step, a driving power of a circuit that

drives the data signal lines is lowered.
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