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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING SAME

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and a method of driving the liquid crystal display
device.

BACKGROUND ART

[0002] In recent years, thin, light, and low-power-con-
sumption display devices such as liquid crystal display
devices have been widely used. It is noteworthy that such
display devices have been mounted, for example, on mobile
phones, smartphones, laptop personal computers, and the
like. It is also expected that in the future, development and
prevalence of electronic paper, which is even a thinner display
device, will be rapidly advanced. Under such circumstances,
it is now a common challenge to reduce power consumption
of display devices.

[0003] Mostrecently, fora reduction in power consumption
while a liquid crystal display device is being driven, a display
device driving method has been disclosed that achieves low
power consumption by allowing for a pausing period during
which all scan signal lines are in a non-scanning state. For
example, Patent Literature 1 discloses a driving method in
which a pausing period (non-refreshing period) is provided
between scanning periods (refreshing periods) during which
a screen is scanned. In addition, the technology disclosed in
Patent Literature 1 significantly reduces power consumption
during a pausing period by suspending driving of a clock
signal generation circuit which (i) generates a clock signal to
be used for writing a data signal into a data signal line and (ii)
consumes a large amount of electric power.

Citation List

Patent Literature

[0004] Patent Literature 1
[0005] Japanese Patent Application Publication, Tokukai,
No. 2004-78124 A (Publication Date: March 11, 2004)

SUMMARY OF INVENTION

Technical Problem

[0006] According to a driving method such as the technol-
ogy of Patent Literature 1 in which a pausing period is pro-
vided, a larger number of frames (pausing frames) during a
pausing period allows for a more significant reduction in
electric power consumption. However, a larger number of
pausing frames causes a screen to be updated a fewer number
of times per unit of time. As a result, a drive frequency
(refresh rate) of each pixel decreases. This, in combination
with response characteristics of liquid crystals, causes the
occurrence of such a phenomenon as afterimages. This phe-
nomenon will be described below with an example in which
a conventional liquid crystal display device is driven with
driving timings illustrated in FIG. 15. FIG. 15is a timing chart
illustrating a driving method in which, as with the technology
disclosed in Patent Literature 1, a pausing period is provided
between scanning periods. In the example, it is assumed that
(1) a scanning period is made up of one frame (the frame
indicated as “D” in FIG. 15) and (ii) voltage for white display
is applied during the scanning period.
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[0007] FIG. 14 is an enlarged view illustrating a pixel of a
conventional liquid crystal display device. As illustrated in
FIG. 14,a TFT3 provided in each pixel has a source electrode,
a gate electrode, and a drain electrode, which are electrically
connected to a data signal line S(n), a scan signal line G(m),
and a pixel electrode 5, respectively. A liquid crystal capaci-
tance Clc is stored between the pixel electrode and a counter
electrode. A voltage corresponding to a data signal is to be
applied to the liquid crystal capacitance Clc via the data signal
line S(n) and then the TFT3. This allows an image corre-
sponding to the data signal to be displayed.

[0008] Note that the liquid crystal capacitance Cle is rep-
resented by the following equation:

Cle=exS/d

[0009] where € is a liquid crystal dielectric constant; S is a
surface area over which the drain electrode and a common
electrode face each other; and d is a distance between the
drain electrode and the common electrode.

[0010] Liquid crystals have such a characteristic as dielec-
tric anisotropy. The liquid crystal dielectric constant E varies,
depending on an alignment direction of liquid crystal mol-
ecules. Specifically, since the transmissivity of liquid crystals
is controlled by the alignment direction of the liquid crystal
molecules, the liquid crystal dielectric constant E varies,
depending on a gradation.

[0011] According to such a principle, application of a volt-
age Vlcdl (for white display during the scanning period (re-
freshing frame)) to the liquid crystal capacitance Clc causes
the liquid crystal molecules to be aligned in a direction cor-
responding to the voltage Vicd 1. However, it takes a certain
length of time for the liquid crystal molecules to be aligned in
the direction corresponding to a voltage Vlcd.

[0012] This prevents a change in the alignment status of the
liquid crystal molecules from keeping up with a change in a
voltage Vled within an updating period (scanning period),
and therefore causes a change in the liquid crystal capacitance
Cle to occur later than does a change in the voltage Vled. As
a result, the liquid crystal capacitance Clc fails to reach a
necessary liquid crystal capacitance (indicated by a dot-and-
dash line in FIG. 15) at the end of the updating period, and
therefore the voltage Vled becomes lowered in response to the
change in the liquid crystal capacitance Clc. This prevents the
voltage Vled from reaching the voltage Vledl which is nec-
essary for whitedisplay. Since the voltage Vicd does not reach
the desired voltage Vledl but ends up at a voltage Vicd2
(indicated by a dot-and-dash line in FIG. 15) which differs
from the voltage Vlcdl, this difference results in recognizable
afterimages on a screen.

[0013] The present invention has been made in view of the
problem, and it is an object of the present invention to provide
(1) a liquid crystal display device capable of suppressing the
occurrence of afterimages as well as reducing electric power
consumption and (ii) a method of driving the liquid crystal
display device.

Solution to Problem

[0014] In order to attain the object, a liquid crystal display
device in accordance with an embodiment of the present
invention includes: a plurality of scan signal lines; a plurality
of data signal lines; pixels provided for intersections of the
plurality of scan signal lines and the plurality of data signal
lines; a scan signal line drive circuit for selectively scanning
the scan signal lines; a data signal line drive circuit for sup-
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plying data signals via the respective plurality of data signal
lines; and a drive control section for controlling the scan
signal line drive circuit (i) to scan all of the plurality of scan
signal lines during at least two driving frames contained in a
first driving period and (ii) not to scan any of the plurality of
scan signal lines during pausing frames in a pausing period
which (i) is secured between the first driving period and a
second driving period by which the first driving period is
followed and (ii) is longer than each of the first and second
driving periods.

[0015] According to the configuration, the data signals
(voltages necessary for display) are written into the respective
data signal lines during the driving frames of a driving period.
In other words, the pixels are refreshed in each driving frame.
Consequently, over a first driving frame, a liquid crystal
capacitance does not reach a liquid crystal capacitance nec-
essary for display, and an applied voltage decreases accord-
ingly. However, the voltage necessary for the display is
applied again over second and subsequent driving frames, the
liquid crystal capacitance reaches the liquid crystal capaci-
tance necessary for display. This causes the applied voltage to
reach the necessary voltage as well.

[0016] Each driving period thus contains at least two driv-
ing frames in each of which data signals are written into the
respective data signal lines, and the pixels are therefore
refreshed for each driving period. This causes the liquid crys-
tal capacitance to reach the necessary liquid crystal capaci-
tance within the driving period, and consequently causes the
applied voltage to reach the necessary voltage within the
driving period. Therefore, it is possible to realize display on
the screen without afterimages.

[0017] Additionally, according to the liquid crystal display
device, all the scan signal lines are in a non-scanning state in
which not to scan the signal lines. This prevents data signals
from being written into the respective data signal lines. so that
driving of any of the circuits is suspended. This allows for a
reduction in electric power consumption. Furthermore, each
pausing period is set to be longer than each driving period.
This allows for a sufficient reduction in electric power con-
sumption even though each driving period contains a plurality
of driving frames. Hence, it is possible to provide a liquid
crystal display device that (i) achieves a reduction in electric
power consumption and (ii) achieves high quality display
with reduced afterimages.

[0018] Inorder to attain the object, a method in accordance
with the embodiment of the present invention is a method of
driving a liquid crystal display device, said liquid crystal
display device including: a plurality of scan signal lines; a
plurality of data signal lines; pixels provided for intersections
of the plurality of scan signal lines and the plurality of data
signal lines; a scan signal line drive circuit for selectively
scanning the scan signal lines; a data signal line drive circuit
for supplying data signals via the respective plurality of data
signal lines; and said method including the step of: control-
ling the scan signal line drive circuit (i) to scan all of the
plurality of scan signal lines during at least two driving
frames contained in a first driving period and (ii) not to scan
any of the plurality of scan signal lines during pausing frames
in a pausing period which (i) is secured between the first
driving period and a second driving period by which the first
driving period is followed and (ii) is longer than each of the
first and second driving periods.
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[0019] With the method, it is possible to (i) achieve a reduc-
tion in electric power consumption and (ii) achieve high qual-
ity display with reduced afterimages.

[0020] Additional objects, features, and strengths of the
present invention will be made clear by the description below.
Furthermore, the advantages of the present invention will be
evident from the following explanation with reference to the
drawings.

Advantageous Effects of Invention

[0021] According to a liquid crystal display device in
accordance with an embodiment of the present invention,
each driving period thus contains at least two driving frames
in each of which data signals are written into the respective
data signal lines and the pixels are therefore refreshed. This
allows the liquid crystal capacitance to reach a necessary
liquid crystal capacitance within the driving period, and con-
sequently allows the applied voltage to reach the necessary
voltage within the driving period. Therefore, it is possible to
realize display on the screen without afterimages.

[0022] Additionally, according to the liquid crystal display
device, all the scan signal lines are in a non-scanning state in
which not to scan the signal lines. This prevents data signals
from being written into the respective data signal lines, so that
driving of any of the circuits is suspended. This allows for a
reduction in electric power consumption. Furthermore, each
pausing period is set to be longer than each driving period.
This allows for a sufficient reduction in electric power con-
sumption even though each driving period includes a plurality
of driving frames. Hence, it is possible to provide a liquid
crystal display device that (i) achieves a reduction in electric
power consumption and (ii) achieves high quality display
with reduced afterimages.

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1 is a set of views (a) and (b), (a) of FIG. 1
illustrating an example of timings with which a liquid crystal
display device in accordance with an embodiment of the
present invention is driven in a case where driving frames are
consecutively provided in each driving period, and (b) of FIG.
1 illustrating an example of timings with which the liquid
crystal display device is driven in a case where driving frames
are non-consecutively provided in each driving period.
[0024] FIG. 2 is a view illustrating the entire configuration
of the liquid crystal display device in accordance with the
embodiment of the present invention.

[0025] FIG. 3 is a view illustrating an example of timings
with which the liquid crystal display device in accordance
with the present invention is driven.

[0026] FIG. 4isa view illustrating a response time of pixels
in transition from one gradation to another at a temperature of
50° C.

[0027] FIG.5isaview illustrating a response time of pixels
in transition from one gradation to another at a temperature of
25°C.

[0028] FIG. 6isa view illustrating a response time of pixels
in transition from one gradation to another at a temperature of
0°C.

[0029] FIG. 7 is a view illustrating respective characteris-
tics of various TFTs.

[0030] FIG. 8isa view illustrating an example of timings at
which the liquid crystal display device in accordance with the
present invention is driven by use of OS driving.
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[0031] FIG. 9 is a set of views (a) and (b), (a) of FIG. 9
illustrating respective gradations to be written during OS
driving and normal driving correspond, and (b) of FIG. 9
illustrating respective liquid crystal capacitances during the
OS driving and the normal driving.

[0032] FIG. 10 is a set of views (a) and (b), (a) of FIG. 10
illustrating respective gradations to be written during OS
driving and normal driving correspond, and (b) of FIG. 10
illustrating respective liquid crystal capacitances during the
OS driving and the normal driving.

[0033] FIG. 11 is a set of views (a) and (b), (a) of FIG. 11
illustrating respective gradations to be written during OS
driving and normal driving correspond, and (b) of FIG. 11
illustrating respective liquid crystal capacitances during the
OS driving and the normal driving.

[0034] FIG. 12 is a set of views (a) and (b), (a) of FIG. 12
illustrating respective gradations to be written during OS
driving and normal driving correspond, and (b) of FIG. 12
illustrating respective liquid crystal capacitances during the
OS driving and the normal driving.

[0035] FIG. 13 is a view illustrating an example of timings
at which the liquid crystal display device in accordance with
the embodiment of the present invention is driven in a case
where a reverse polarity driving method is employed.

[0036] FIG. 14 is an enlarged view of a pixel in a conven-
tional liquid crystal display device.

[0037] FIG. 15 is a timing chart illustrating a driving
method in which a scanning period is sandwiched between
pausing periods.

DESCRIPTION OF EMBODIMENTS

[0038] The following description will discuss an embodi-
ment of the present invention with reference to the drawings.
Note that members similar in function and effect to those
already described will be given the same reference signs, and
their descriptions will be omitted.

[0039] (Configuration of Liquid Crystal Display Device 1)
[0040] First, a configuration of a liquid crystal display
device 1 of the present embodiment will be described below
with reference to FIG. 2. FIG. 2 is a view illustrating an
overall configuration of the liquid crystal display device 1. As
illustrated in FIG. 2, the liquid crystal display device 1
includes a display panel 2, a gate driver 4 (scan signal line
drive circuit), a source driver 6 (data signal line drive circuit),
a common electrode drive circuit §, and a timing controller
10. The timing controller 10 includes a pause and drive con-
trol block 12 (drive control section).

[0041] The display panel 2a includes (i) a screen made up
of pixels that are arranged in a matrix manner, (ii) N (N is a
given integer) scan signal lines G (gate lines) that are selected
line-sequentially so that the screen is scanned, and (iii) M (M
is a given integer) data signal lines S (source lines) via each of
which a data signal is supplied to a single row of pixels on a
selected line. The scan signal lines G and the data signal lines
S are orthogonal to each other. The pixels are provided for
respective intersections of the scan signal lines G and the data
signal lines S. In other words, each of the pixels is defined by
a region enclosed with two adjacent scan signal lines G and
two adjacent data signal lines S.

[0042] G(m) illustrated in FIG. 2 indicates an m-th (m is a
given integer) scan signal line G. For example, scan signal
line G(1), G(2), and G(3) indicate first, second, and third scan
signal lines G, respectively. S(n) indicates an n-th (n is a given
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integer) data signal line S. For example, S(1), S(2), and S(3)
indicate first, second, and third data signal lines S. respec-
tively.

[0043] Note that, for simplicity, the present embodiment
will deal with an example for driving of an equivalent circuit.
Each pixel in the display panel 2 includes a switching element
(TFT) whose drain is connected to a corresponding pixel
electrode (not illustrated).

[0044] The gate driver 4 line-sequentially scans the scan
signal lines G from the top to the bottom of the screen. In so
doing, the gate driver 4 supplies, to each of the scan signal
lines G, a rectangular-wave signal that turns on a correspond-
ing TFT connected to the corresponding pixel electrode. This
causes each of a single row of pixels of the screen to be in a
selected state.

[0045] In accordance with an externally supplied video
signal (indicated by an arrow A), the source driver 6 (i)
calculates voltages that are to be supplied to a single row of
respective pixels on a selected line, and then (ii) supplies the
voltages to the respective data signal lines S. This causes the
pixels on the selected scan signal lines G to receive image data
(data signal).

[0046] Theliquid crystal display device 1 further includes a
common electrode (COM: not illustrated) provided for all the
pixels of the screen. In response to a polarity inversion signal
(indicated by an arrow D) supplied from the timing controller
10, the common electrode drive circuit 8 outputs, to the com-
mon electrode, a predetermined common voltage. This causes
the common electrode to be driven.

[0047] The pause and drive control block 12 supplies, to
analogue amplifiers of which the source driver 6 is made up,
AMP_Enable signals at respective predetermined timings.
Note that each of the AMP_Enable signals is a control signal
for controlling an operation status of a corresponding ana-
logue amplifier. The analogue amplifiers each (i) operate
while a corresponding AMP_Enable signal is at a high level,
and (ii) take a pause while the corresponding AMP_Enable
signal is at a low level.

[0048] (Driving of Liquid Crystal Display Device 1)
[0049] Driving of the liquid crystal display device 1 will be
briefly described below. First, the timing controller 10
receives, as input video image sync signals, (i) a horizontal
sync signal (HSYNC) and (ii) a vertical synch signal
(VSYNCQ).

[0050] Then, in response to the horizontal sync signal and
the vertical synch signal, the timing controller 10 generates a
horizontal sync control signal (GCK and the like) and a ver-
tical sync control signal (GSP and the like), respectively. The
horizontal sync signal and the vertical synch signal each serve
as a video image sync signal, with which the circuits operate
in synchronization. Then, the timing controller 10 supplies
the horizontal sync control signal (GCK) and the vertical sync
control signal (GSP) to each ofthe gate driver 4 and the source
driver 6 (indicated by arrows B and C).

[0051] Thepause and drive control block 12 supplies, to the
source driver 6, AMP_Enable signals in synchronization with
the horizontal synch control signal and the vertical sync con-
trol signal thus generated. Note that, according to the liquid
crystal display device 1, the display panel 2 is driven so as to
secure (1) driving periods each of which includes at least two
driving frames and (ii) pausing periods each of which
includes pausing frames (described later in detail). During the
driving frames of the driving periods, the pause and drive
control block 12 controls the analogue amplifiers to operate
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while setting the AMP_Enable signals to be at a high level.
During the pausing periods, on the other hand, the pause and
drive control block 12 controls the analogue amplifiers to take
apause while setting each of the AMP_Enable signals to be at
alow level. The pause and drive control block 12 functions to
(a) control any number of frames to be secured for driving
frames and (b) control any number of frames to be secured for
pausing frames. The pause and drive control block 12 thus
functions to flexibly change the respective numbers of the
driving frames and the pausing frames.

[0052] The source driver 6 uses a horizontal sync control
signal as an output timing signal for controlling a timing at
which an externally supplied video image signal is supplied to
the display panel 2. The gate driver 4 uses the horizontal sync
control signal as a timing signal for controlling a timing at
whicha scan signal is supplied to the display panel 2. The gate
driver 4 uses a vertical sync control signal as a timing signal
for controlling a timing at which scanning of the scan signal
lines G is initiated.

[0053] In synchronization with the horizontal sync signal
and the vertical synch signal supplied from the timing con-
troller 10, the gate driver 4 initiates scanning of the display
panel 2 and then supplies a scan signal to each of the scan
signal lines GG which are selected in sequence.

[0054] On the other hand, in synchronization with the hori-
zontal synch control signal supplied from the timing control-
ler 10, the source driver 6 writes image data (data signal) into
each of the data signal lines S of the display panel 2, which
image data varies depending on the externally supplied video
signal. Note, however, that the source driver 6 writes the
image data into the data signal lines S only while the AMP_
Enable signals are each maintaining a high level.

[0055] Unless specifically stated otherwise, (i) “1 vertical
period (1 frame period)” herein means a period controlled by
the vertical sync control signal and (ii) “1 horizontal period”
herein means a period controlled by the horizontal synch
control signal.

[0056] (Driving Period and Pausing Period)

[0057] FIG. 1 illustrates timings at which the liquid crystal
display device 1 in accordance with the present embodiment
is driven. According to the liquid crystal display device 1,
driving periods of certain length and pausing periods of cer-
tain length are alternated while the display panel 2 is driven
(see FIG.1). The driving periods are each a period in which (i)
AMP_Enable signals outputted from the pause and drive
control block 12 are each at a high level and (ii) data signals
are written into the respective data signal lines S. On the other
hand, the pausing periods are each a period in which (a) the
AMP_Enable signals are each at a low level and (b) the data
signal are not written into the data signal lines S. Each of the
pausing periods is longer than each of the driving periods.
[0058] Note that each driving period contains at least two
driving frames (indicated by “D” in FIG. 1) in each of which
each data signal is written into a corresponding one of the data
signal lines S, that is, all the scan signal lines G are scanned.
Each pausing period, on the other hand, is made up of pausing
frames (indicated by “P” in FIG. 1) in each of which none of
the scan signal lines G is scanned, that is, all the scan signal
lines G are in a non-scanning state. The pausing periods are
secured so as to (i) follow after a driving period and (i1) last
until the initiation of'a next driving period. In other words, the
driving periods and the pausing periods alternate.

[0059] During each of the driving periods, driving frames
can be secured consecutively so that a driving period is made
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up only of driving frames (see (a) of FIG. 1). Alternatively, a
pausing frame can be secured after each driving frame so that
a driving period is made up of driving frames and pausing
frames (see (b) of FIG. 1).

[0060] Advantageous effects brought about by driving the
liquid crystal display device 1 as such will be described below
with an example in which the liquid crystal display device 1
1s driven at timings illustrated in (a) of FIG. 1. Specifically, in
the example, the liquid crystal display device 1 is driven atthe
timings illustrated in FIG. 3 so that white display is carried
out during driving periods.

[0061] Inthis case, each driving period is made up of three
driving frames (see FIG. 3). During a driving period, a voltage
Vledl, which is necessary for white display, is applied during
each driving frame. In other words, the pixels are refreshed
during each driving frame. As a result, over a first driving
frame, a liquid crystal capacitance Clc does not reach a volt-
age necessary for white display (a voltage indicated by a
dot-and-dash line in FIG. 3), and an applied voltage Vlcd
decreases accordingly. However, in response to continuous
application of the voltage Vlcd1 over second and third driving
frames, the liquid crystal capacitance Clc reaches the capaci-
tance necessary for white display. This causes the applied
voltage Vled to reach the voltage Vicdl as well.

[0062] In each driving period, at least two driving frames
are secured during each of which data signals are written into
the respective data signal lines S, and the pixels are therefore
refreshed for each driving period. This causes the liquid crys-
tal capacitance Clc to reach the necessary liquid crystal
capacitance within the driving period, and consequently
allows the applied voltage Vled to reach the necessary volt-
age. Therefore, it is possible to realize display on the screen
without afterimages.

[0063] According to the present embodiment, in a case
where writing of a data signal into the data signal lines S is
completed in a driving period, the source driver 6 has a high
output impedance (Hi-Z) during a pausing period. This
causes an electric potential at each of the data signal lines S to
remain the same, and consequently prevents the electric
potential from fluctuating. In so doing, since all the scan
signal lines G are set to be in a non-scanning state during a
pausing period, a data signal is supplied to none of the data
signal lines S. That is, since a data signal is written into none
of the data signal lines S during the pausing period, even a
high output impedance of the source driver 6 will never affect
display on the screen.

[0064] According to the liquid crystal display device 1, it is
thus possible, without affecting the display on the screen, to
cause all the scan signal lines G to be in a non-scanning state.
This prevents data signals from being written into the respec-
tive data signal lines S, so that driving of any of the circuits is
suspended. This allows a reduction in electric-power con-
sumption. Furthermore, according to the present embodi-
ment, each pausing period is set to be longer than each driving
period. This allows a sufficient reduction in electric power
consumption even though each driving period contains a plu-
rality of driving frames. Hence, it is possible to provide a
liquid crystal display device 1 that achieves (i) a reduction in
electric power consumption and (i1) high quality display with
reduced afterimages.

[0065] (The Number of Driving Frames in Driving Period)
[0066] The following description will discuss the number
of driving frames in a driving period. As has been described in
the Background Art section of the present specification, it
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takes a certain length oftime for liquid crystal molecules to be temperatures are 50° C., 25° C., and 0° C., the response times
in an alignment state corresponding to an applied voltage. are approximately 32 ms, approximately 44 ms, and approxi-
Such a length of time (response time) varies, depending on ~ mately 129 ms, respectively.
first and second gradations of a pixel in a gradation transition
from the first to the second gradation of the pixel. Further- TABLE 4
more, the liquid crystal molecules have response speeds
which vary depending on ambient temperature. Specifically, Temperature s0°C. 250 0 C.
a lower temperature generally results in a greater length of 1 o56est Response Time 32 ms 44 ms 129 ms
response time. Recorded
[0067] Tables 1 through 3 illustrate response times during ~ Number of Frames Necessary 2 Frames 3 Frames 8 Frames
between-gradations periods under conditions where ambient 10" Date Signal Writing
temperature is 50° C., 25° C., and 0° C., respectively. FIGS. 4
through 6 illustrate the results shown in Tables 1 through 3, [0069] In a case where the length of a single frame is 16.7
respectively. ms, Table 4 shows the following: At a temperature of 50° C.,
TABLE 1
Response Final Gradation
Time 0 32 64 96 128 160 192 224 255
Initial 0 3248 3224 2840 18.32 1456 1232 8.88 14.16
Grada- 32 7.04 2160 2024 1672 1520 1152 824 1544
tion 64 580 1628 17.20 16.5 1528 10.64 7.76 15.28
96 540 13.12 1840 1528 1200 9.76 7.36 9.4
128 508 1080 1372 13.64 1000 8.64 696 8.24
160 504 944 1228 1256 13.08 848 712 7.60
192 508 856 10.64 1192 1216 12.32 624 736
224 520 812 992 1096 11.00 10.88 11.00 9.36
255 544 792 960 1060 10.64 1040 9.80 8.96
TABLE 2
Response Final Gradation
Time 0 32 64 96 128 160 192 224 255
Initial 0 43.68 4136 3304 28.16 25.52 18.24 15.28 13.04
Grada- 32 740 3520 3136 27.12 2264 1944 17.44 12.88
tion 64 616 23.60 2608 24.88 2208 19.68 17.92 9.92
96 5.68 19.44 2416 2184 20.64 1936 17.84 8.88
128 548 1632 2104 2228 2008 19.04 17.68 8.08
160 552 1408 1876 20.60 20.72 18.72 17.52  7.68
192 5.64  12.88 17.84 19.60 20.08 19.28 17.52 720
224 588 1224 1700 1844 18.92 19.28 18.84 6.96
255 620 1204 1636 1812 19.04 19.04 18.64 16.72
TABLE 3
Response Final Gradation
Time 0 32 64 96 128 160 192 224 255
Initial 0 12872 11672 9168 73.68 60.88 48.48 36.32 20.32
Grada- 32 18.80 9536 82.56 68.80 5816 4640 34.64 19.52
tion 64 1600  64.64 7000 62.80 52.80 44.64 33.68 19.28
96 1440 5248  62.80 54.08 4976 40.64 32.64 18.88
128 13.68 43.60 53.68 3352 4712 37.84 31.52 18.80
160 1392 3792 4712 4824 46.40 36.08 29.92 18.40
192 1416 3424 4072 43.68 43.60 41.76 27.92 18.24
224 1488 3200 38.08 4096 40.96 39.12 33.84 18.40
255 1608 3112 37.28 3976 39.76 38.16 3440 28.88
[0068] As is clear from Tables 1 through 3 and FIGS. 4 the longest response time of gradation transitions is approxi-

through 6, the length of response time is greatest while the
pixels are in a transition from 0 gradation to 32-64 gradations
under any conditions. Under the conditions where ambient

mately 32 ms. Therefore, the gradation transition is made
over a period of approximately 2 frames. In other words, it
requires approximately 2 frames for a data signal to be writ
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ten. Likewise, at atemperature of 25° C., the longest response
time of gradation transitions is approximately 44 ms. There-
fore, the gradation transition is made over a period of approxi-
mately 3 frames. In other words, it requires approximately 3
frames for a data signal to be written. Furthermore, at a
temperature of 0° C., the longest response time of gradation
transitions is approximately 129 ms. Therefore, the gradation
transition is made over a period of approximately 8 frames. In
other words, it requires approximately 8 frames for a data
signal to be written.

[0070] Therefore, at a temperature of 50° C., by securing at
least 2 driving frames in a driving period, the response is
completed within the driving period even in a case of a gra-
dation transition whose response time is the longest. Like-
wise, at a temperature of 25° C., by securing at least 3 driving
frames in a driving period, the response is completed within
the driving period even in a case of a gradation transition
whose response time is the longest. Furthermore, at a tem-
perature of 0° C., by securing at least 8 driving frames in a
driving period, the response is completed within the driving
period even in a case of a gradation transition whose response
time is the longest.

[0071] Itis thus preferable that each driving period contains
at least as many driving frames corresponding to the longest
response time of the gradation transitions from one gradation
to another under a given ambient temperature in the liquid
crystal display device 1. This allows the driving period to
contain at least as many driving frames as it takes for the
driving period to be substantially equal to the longest
response time of the gradation transition from one gradation
to another. Therefore, during any gradation transitions, it is
possible for a liquid crystal capacitance Clc to almost cer-
tainly reach, within a driving period, a liquid crystal capaci-
tance that is necessary for display. This allows an applied
voltage Vled to also reach, within the driving period, a voltage
necessary for the display. Therefore, it is possible to more
certainly reduce the occurrence of afterimages. Note that (a)
all of the scan signal lines G are in a non-scanning state during
apausing period and (b) each driving period is set to be longer
than each pausing period. This allows for the realization of
higher-quality display while maintaining low electric power
consumption.

[0072] Note that, in a case of controlling the number of
driving frames in accordance with a given ambient tempera-
ture, it is only necessary (i) to provide a thermometric section
(notillustrated) for measuring ambient temperature inside the
liquid crystal display device 1 and (ii) for the pause and drive
control block 12 to control, in accordance with a temperature
measured by the thermometric section, the number of driving
frames.

[0073] Needless to say, it is possible to realize, only by
securing at least two driving frames in each driving period, a
liquid crystal display device 1 that achieves (i) a reduction in
electric power consumption and (i1) high quality display with
sufficiently reduced afterimages.

[0074] (TFT Characteristics)

[0075] For the purpose of increasing a speed at which a
liquid crystal capacitance reaches a value necessary for dis-
play, theliquid crystal display device 1 of the present embodi-
ment preferably employs a TFT whose semiconductor layer is
a so-called oxide semiconductor. Examples of such an oxide
semiconductor encompass IGZ0O (InGaZnOx). The reason
will be explained below with reference to FIG. 7. FIG. 7 is a
view illustrating respective characteristics of various TFTs.
Specifically, FIG. 7 illustrates respective characteristics of (i)
a TFT in which an oxide semiconductor is used, (ii) a TFT in

May 8, 2014

which an a-Si (amorphous silicon) is used, and (iii) a TFT in
which an LTPS (Low Temperature Poly Silicon) is used. In
FIG. 7, a horizontal axis (Vgh) indicates an on-voltage
applied across a gate of each of the TFTs, and a vertical axis
(1d) indicates an amount of electric current flowing from a
source to a drain of each of the TFTs. In addition, in FIG. 7,
“TFT-on” indicates a time period in which a TFT is in an “on”
state in accordance with an on-voltage, and “TFT-oft” indi-
cates a time period in which the TFT is in an “off” state in
accordance with the voltage of the on-voltage.

[0076] As illustrated in FIG. 7, the amount of electric cur-
rent (i.e., electron mobility) flowing while the TFT with the
oxide semiconductor is in an “on” state is larger than the
amount of electric current flowing while the TFT with the a-Si
is in an “on” state. Specifically, the TFT with the a-Si has an
1d electric current of 1 uA while being in an “on” state
whereas the TFT with the oxide semiconductor has an Id
electric current of approximately 20 uA to 50 uA while being
in an “on” state (not illustrated). That is, the TFT with the
oxide semiconductor has, in an “on” state, an electron mobil-
ity of 20 to 50 times higher than the TFT, with the a-Si, which
is in an “on” state. This indicates that the TFT with the oxide
semiconductor has excellent “on” characteristic.

[0077] Since each pixel of the liquid crystal display device
1 of the present embodiment thus employs a pixel witha TFT
whose semiconductor layer is an oxide semiconductor, such a
TFT has excellent “on” characteristic. This allows an increase
in the amount of electron mobility during writing of each
pixel, and therefore allows a reduction in the amount of time
required for such writing. That is, according to the liquid
crystal display device 1, the liquid crystal capacitance can
reach, within a driving period, a liquid crystal capacitance
necessary for display. This allows an applied voltage to also
reach, within the driving period, a voltage necessary for the
display. In so doing, an off-current is preferably made small
whereas an on-current is preferably made large by use of an
oxide semiconductor such as IGZO. A larger off-current
causes a voltage after voltage application to be lowered faster,
and a smaller off-current causes a voltage after voltage appli-
cation to be lowered slower. Therefore, in a case where an
off-current is small, a voltage becomes lowered by a small
amount. This allows a luminance to remain the same even ifa
pausing period is made long, and therefore allows a pausing
period to last for an extended period of time.

[0078] (Modification 1: Driving of Liquid Crystal Display
Device 1 by Use of OS Driving)

[0079] In recent years, proposals have been made for a
driving method (gradation transition enhancement process),
called overshoot driving (over drive), which is a technique for
improving a response time of liquid crystals. The gradation
transition enhancement process (hereinafter referred to as OS
driving) is a driving method for improving a response time by
accelerating a response of liquid crystals through applying an
enhancement voltage to pixels which are to make a gradation
transition.

[0080] Specifically, in a case where, for example, a pixel
makes a transition from gradation A to gradation B which is
larger than the gradation A, a voltage (enhancement voltage)
is applied to the pixel, which enhancement voltage is higher
than a writing voltage for the gradation B. This accelerates a
change in alignment of liquid crystal molecules, and therefore
increases a response speed of liquid crystals. Hence, it is
possible to further accelerate a response speed of the pixel in
transition from the gradation A to the gradation B. Note that,
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in a case where a pixel makes a transition from the gradation
A to gradation C which is smaller than the gradation A, an
effect similar to the above response-accelerating effect can be
obtained by applying a voltage (enhancement voltage) to the
pixel, which enhancement voltage is lower than a writing
voltage for the gradation C.

[0081] The OS driving can be applied to the liquid crystal
display device 1 of the present embodiment. An example, in
which the OS driving is applied to the liquid crystal display
device 1, will be described below with reference to FIG. 8.
FIG. 8 is a view illustrating timings at which the liquid crystal
display device 1 is driven by use of the OS driving in such an
example. Let it be assumed that the liquid crystal display
device 1 is driven at timings illustrated in FIG. 8 and that
white display is carried out in driving periods. In this case,
each of the driving periods is made up of two driving frames
(see FIG. 8). Since OS driving is carried out during the driving
period, an enhancement voltage (which is a gradation signal
which has been subjected to a gradation enhancement pro-
cess) is applied during each driving frame. As a result, in a
first driving frame, a response speed of liquid crystals is
accelerated and therefore a liquid crystal capacitance Clc
reaches substantially a liquid crystal capacitance (indicated
by a dot-and-dash line in FIG. 8) which is necessary for white
display. Then, in a case where the enhancement voltage is
continuously applied during a second (following) driving
frame, the liquid crystal capacitance Clc reaches the liquid
crystal capacitance necessary for the white display, so that an
applied voltage Vlcd reaches a voltage Vicdl which is also
necessary for the white display.

[0082] The response speed of the liquid crystals is thus
accelerated by carrying out the OS driving during driving
periods. This causes the liquid crystal capacitance Clc to even
more rapidly reach the necessary liquid crystal capacitance.
In so doing, since each of the driving periods contains at least
two driving frames, the liquid crystal capacitance Clc can
more certainly reach the necessary liquid crystal capacitance
within the driving period. This allows the applied voltage
Vled to more certainly reach, within the driving period, the
voltage necessary for the display. Therefore, it is possible to
achieve display on the screen with reduced afterimages. In so
doing, (i) all the scan signal lines G are set to be in a non-
scanning state during pausing periods and (ii) each pausing
period is set to be longer than each driving period. This allows
for high-quality display while maintaining low electric power
consumption.

[0083] [Enhancement Voltage in OS Driving|

[0084] The following description will discuss, with refer-
ence to

[0085] FIGS. 9 through 12, an enhancement voltage to be

applied during OS driving. (a) of each of FIGS. 9 through 12
is a view illustrating (i) a gradation to be written during OS
driving and (ii) a gradation to be written during normal driv-
ing. (b) of each of FIGS. 9 through 12 is a view illustrating (i)
how a liquid crystal capacitance Clc changes during OS driv-
ing and (ii) how a liquid crystal capacitance Clc changes
during normal driving.

[0086] According to the OS driving, as has been described,
in a case where a pixel makes a transition from gradation A to
gradation B which is larger than the gradation A, a voltage
(enhancement voltage) is applied to the pixel, which enhance-
ment voltage is higher than a writing voltage for the gradation
B. On the other hand, in a case where a pixel makes a transi-
tion from gradation A to gradation C which is smaller than the
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gradation A, a voltage (enhancement voltage) is applied to the
pixel, which enhancement voltage is lower than a writing
voltage for the gradation C.

[0087] For example, in a case where a transition is made
from 0 gradation to 128 gradation as illustrated in (a) of FIG.
9, 160 gradation is to be written. This, as illustrated in (b) of
FIG. 9), causes a time period, required for the liquid crystal
capacitance Clc to reach a liquid crystal capacitance corre-
sponding to 128 gradation, to be shorter in a case of the OS
driving (indicated by a solid line in (b) of FIG. 9) than that in
a case of the normal driving (indicated by a dotted line in (b)
of FIG. 9). This is because a response speed of liquid crystals
has become faster as a result of the application of an enhance-
ment voltage during a gradation transition as described
above. Likewise, in a case where a transition is made from 64
gradation to 128 gradation as illustrated in (a) and (b) of FIG.
10, writing of 140 gradation shortens a time period required
for the liquid crystal capacitance Clc to reach a liquid crystal
capacitance corresponding to 128 gradation. Each of the
enhancement voltages is obtained by (i) carrying out an arith-
metical operation based on gradations before and after a
transition and (ii) calculating a gradation (i.e., an enhance-
ment voltage) to be written into a pixel which is subjected to
the gradation transition. Note that, since the OS driving is a
well-known technique, the description of a specific method of
calculating an enhancement voltage will be omitted.

[0088] As has been early described, a response speed of
liquid crystals varies, depending on ambient temperature.
Specifically, a lower ambient temperature generally causes a
longer response time. Therefore, application of an enhance-
ment voltage based on ambient temperature is desirable even
in acase of OS driving. Therefore, in a case where a transition
is made from O gradation to 128 gradation, 160 gradation is
written at an ambient temperature of, for example, 25° C. (see
(a) of FIG. 11). At an ambient temperature of 0° C., on the
other hand, 190 gradation is written (see (a) of FIG. 12). This
(1) causes, at a temperature of 25° C., a time period required
for the liquid crystal capacitance Clc to reach a liquid crystal
capacitance corresponding to 128 gradation to be shorter in a
case of OS driving (indicated by a solid line in (b) of FIG. 11)
than thatina case of normal driving (indicated by a dotted line
in (b) of FIG. 11) (see (b) of FIG. 11) and (II) causes, at a
temperature of 0° C., a time period for the liquid crystal
capacitance Clc to reach a liquid crystal capacitance corre-
sponding to 128 gradation to be shorter in acase of OS driving
(indicated by a solid line in (b) of FIG. 12) than that in a case
of normal driving (indicated by a dotted line in (b) of FIG. 12)
(see (b) of FIG. 12). This is because, even in the case where a
response speed of liquid crystals during a gradation transi-
tions is lowered due to ambient temperature, the response
speed has become faster as a result of the application of an
enhancement voltage corresponding to the ambient tempera-
ture.

[0089] As has been described, even in a case where a
response speed of liquid crystals has been lowered during OS
due to ambient temperature, the response speed can more
certainly be made faster by application of an enhancement
voltage corresponding to the ambient temperature. As a
result, a liquid crystal capacitance Clc more certainly reaches,
within a driving period, a liquid crystal capacitance necessary
for display. This causes an applied voltage Vled to more
certainly reach, within the driving period, a voltage necessary
for the display. Therefore, it is possible to more certainly
reduce the occurrence of afterimages on a screen. Note that,
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(1) all of the scan signal lines G are in a non-scanning state
during apausing period and (ii) each driving period is set to be
longer than each pausing period. This allows for the realiza-
tion of higher-quality display while maintaining lower elec-
tric power consumption.

[0090] Note that the description of a specific method of
calculating an enhancement voltage corresponding to ambi-
ent temperature will also be omitted.

[0091] (Modification 2: Driving of Liquid Crystal Display
Device 1 by Use of Reverse Polarity Driving Method)

[0092] Inacase where (1) a liquid crystal display device is
driven and (ii) a direct-current voltage (DC voltage) is applied
to liquid crystal molecules for an extended period of time,
characteristic deteriorations occur, such as image sticking.
There is a method that employs, in order to prevent such
characteristic deteriorations, a reverse polarity driving
method in which a liquid crystal display device is driven
while a polarity of an applied voltage is switched periodically.

[0093] It is possible to apply the reverse polarity driving
method to the liquid crystal display device 1 of the present
embodiment. The following description will discuss a case
where the liquid crystal display device 1 (i) employs a reverse
polarity driving method and (ii) is driven at timings illustrated
in FIG. 13.

[0094] In the case where the reverse polarity driving
method is applied to the liquid crystal display device 1, a
polarity of a data signal to be supplied to a corresponding
pixel during a last driving frame in a first driving period is to
differ from a polarity of a data signal to be supplied to a
corresponding pixel during a last driving frame of a second
driving period by which the first driving period is followed. In
other words, as to the last driving frames in the respective
driving periods, polarities of data signals, which are to be
supplied during last driving frames in the respective driving
periods, are to alternate. For example, in a case where the
liquid crystal display device 1 is driven as illustrated in FIG.
13, a polarity of a data signal supplied during a third (last)
driving frame in a driving period is negative. This means that
a polarity of a data signal to be supplied during a third (last)
driving frame of a next driving period is to be positive.

[0095] Note that, whether or not characteristic deteriora-
tions such as image sticking occur is determined by whether
or not polarities of respective voltages applied during adja-
cent pausing periods are alternated. Therefore, except for the
last driving frames of the respective driving periods, it is
possible (i) to reverse a polarity of a data signal for every
driving frame or (ii) to reverse a polarity of a data signal for
every predetermined number of driving frames. Alternatively,
itis also possible notto reverse a polarity of a data signal at all
asillustrated in FIG. 13. In a case where, as illustrated in FIG.
13, apolarity ofa data signal is not reversed atall (i.e.ina case
where data signals supplied during the last driving frame of
the respective driving periods have the same polarity as that of
data signals supplied during other driving frames), it is pos-
sible to eliminate the need for consuming electric power
required for reversing polarities of data signals.

[0096] The present invention is not limited to the descrip-
tion of the embodiments, but can be altered in many ways by
a person skilled in the art within the scope of the claims. An
embodiment derived from a proper combination of technical
means disclosed in different embodiments is also encom-
passed in the technical scope of the present invention.
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SUMMARY OF EMBODIMENTS

[0097] As has been described, in order to attain the object,
the liquid crystal display device in accordance with the
embodiment of the present invention includes: a plurality of
scan signal lines; a plurality of data signal lines; pixels pro-
vided for intersections of the plurality of scan signal lines and
the plurality of data signal lines; a scan signal line drive circuit
for selectively scanning the scan signal lines; a data signal
line drive circuit for supplying data signals via the respective
plurality of data signal lines; and a drive control section for
controlling the scan signal line drive circuit (i) to scan all of
the plurality of scan signal lines during at least two driving
frames contained in a first driving period and (ii) not to scan
any of the plurality of scan signal lines during pausing frames
in a pausing period which (i) is secured between the first
driving period and a second driving period by which the first
driving period is followed and (ii) is longer than each of the
first and second driving periods.

[0098] According to the configuration, the data signals
(voltages necessary for display) are written into the respective
data signal lines during the driving frames of a driving period.
In other words, the pixels are refreshed in each driving frame.
Consequently, over a first driving frame, a liquid crystal
capacitance does not reach a liquid crystal capacitance nec-
essary for display, and an applied voltage decreases accord-
ingly. However, the voltage necessary for the display is
applied again over second and subsequent driving frames, the
liquid crystal capacitance reaches the value necessary for
display. This causes the applied voltage to reach the necessary
voltage as well.

[0099] Each driving period thus includes at least two driv-
ing frames in each of which data signals are written into the
respective data signal lines, and therefore the pixels are thus
refreshed in each driving frame. This allows the liquid crystal
capacitance to reach the necessary liquid crystal capacitance
within the driving period, and consequently allows the
applied voltage to reach the necessary voltage within the
driving period. Therefore, it is possible to realize display on
the screen without afterimages.

[0100] Additionally, according to the liquid crystal display
device, all the scan signal lines are in a non-scanning state in
which not to scan the signal lines. This prevents data signals
from being written into the respective data signal lines, so that
driving of any of the circuits is suspended. This allows for a
reduction in electric power consumption. Furthermore, each
pausing period is set to be longer than each driving period.
This allows for a sufficient reduction in electric power con-
sumption even though each driving period contains a plurality
of driving frames. Hence, it is possible to provide a liquid
crystal display device that (i) achieves a reduction in electric
power consumption and (ii) achieves high quality display
with reduced afterimages.

[0101] The liquid crystal display device is configured such
that the first and second driving periods each contain at least
so many driving frames as to correspond to a longest response
time required for a transition of a pixel, at a temperature inside
the liquid crystal display device, from a first gradation to a
second gradation which is different from the first gradation.

[0102] It takes a certain length of time for liquid crystal
molecules to be in an alignment state corresponding to an
applied voltage. Such a length of time (response time) varies,
depending on first and second gradations of a pixel in a
gradation transition from the first to the second gradation of
the pixel. Furthermore, the response time also varies, depend-
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ing onambient temperature. Specifically, a lower temperature
generally results in a greater length of response time. The
configuration allows the driving period to contain at least as
many driving frames as it takes for the driving period to be
substantially equal to the longest response time of the grada-
tion transition from one gradation to another. Therefore, dur-
ing any gradation transitions, it is possible for a liquid crystal
capacitance to almost certainly reach, within a driving period,
aliquid crystal capacitance that is necessary for display. This
allows an applied voltage to also reach, within the driving
period, a voltage necessary for the display. Therefore, it is
possible to more certainly reduce the occurrence of afterim-
ages. Note that (a) all of the scan signal lines are in a non-
scanning state during a pausing period and (b) each driving
period is set to be longer than each pausing period. This
allows for the realization of higher-quality display while
maintaining low electric power consumption. The liquid crys-
tal display device is configured such that, during each of the
driving frames, the data signal line drive circuit supplies
gradation signals each of which is a data signal having been
subjected to a gradation enhancement process, as the data
signals, to pixels to be subjected to transition from a first
gradation to a second gradation which is different from the
first gradation, via the plurality of data signal lines.

[0103] According to the configuration, the response speed
of the liquid crystals is thus accelerated by carrying out the
gradation enhancement process during driving periods. This
causes the liquid crystal capacitance to even more rapidly
reach the necessary liquid crystal capacitance. In so doing,
since each of the driving periods contains at least two driving
frames, the liquid crystal capacitance can more certainly
reach the necessary liquid crystal capacitance within the driv-
ing period. This allows the applied voltage to more certainly
reach, within the driving period, the voltage necessary for the
display. Therefore, it is possible to achieve display on the
screen with reduced afterimages. In so doing, (i) all the scan
signal lines are set to be in a non-scanning state during paus-
ing periods and (i1) each pausing period is set to be longer than
each driving period. This allows for high-quality display
while maintaining low electric power consumption.

[0104] The liquid crystal display device is further config-
ured such that, during each of the driving frames, the data
signal line drive circuit supplies, via the plurality of data
signal lines, gradation signals each of which has been sub-
jectedto a gradation enhancement process in accordance with
a temperature inside the liquid crystal display device.

[0105] A response speed of liquid crystals varies, depend-
ing onambient temperature. Specifically, a lower temperature
generally causes a longer response time. According to the
configuration, even in a case where a response speed of liquid
crystals during the gradation enhancement process has been
lowered due to ambient temperature, the response speed can
be made faster by application of an enhancement voltage
corresponding to the temperature. As a result, a liquid crystal
capacitance more certainly reaches, within a driving period, a
liquid crystal capacitance necessary for display. This allows
an applied voltage to more certainly reach, within the driving
period, a voltage necessary for the display. Therefore, it is
possible to more certainly reduce the occurrence of afterim-
ages on a screen. Note that, (i) all of the scan signal lines are
in a non-scanning state during a pausing period and (ii) each
driving period is set to be longer than each pausing period.
This allows for the realization of higher-quality display while
maintaining lower electric power consumption.
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[0106] The liquid crystal display device is further config-
ured such that polarities of data signals to be supplied during
a last driving frame of the first driving period are different
from polarities of data signals to be supplied during a last
driving frame of the second driving period.

[0107] Inacase where (i) a liquid crystal display device is
driven and (ii) adirect-current voltage (DC voltage) is applied
to liquid crystal molecules for an extended period of time,
there is a risk that characteristic deteriorations occur, such as
image sticking. With the configuration that employs a reverse
polarity driving method in which a liquid crystal display
device is driven while a polarity of an applied voltage is
switched periodically, it is possible to prevent the character-
istic deteriorations such as image sticking.

[0108] The liquid crystal display device is further config-
ured such that each of the first and second driving periods is
made up only of driving frames.

[0109] The liquid crystal display device is further config-
ured such that: each of the first and second driving periods
contains driving frames and a pausing frame; and the pausing
frame is provided so as to follow after the driving frame.
According to the configuration, each driving period can (i) be
made up only of driving frames by securing the driving
frames consecutively or (ii) include (a) driving frames which
are provided non-consecutively and (b) pausing frames.
[0110] The liquid crystal display device is further config-
ured such that an oxide semiconductor is employed as a
semiconductor layerofa TFT which is provided in each of the
pixels.

[0111] Itis preferable to further configure the liquid crystal
display device such that the oxide semiconductor is IGZO.
According to the configuration, an oxide semiconductor hav-
ing a relatively high electron mobility (such as IGZ0) is used
fora TFT in each pixel. This causes an increase in the amount
of electron mobility during writing of each pixel, and there-
fore allows for a reduction in the length of time required for
such writing. Hence, the liquid crystal capacitance can reach,
within a driving period, a liquid crystal capacitance necessary
for display. This causes an applied voltage to also reach,
within the driving period, a voltage necessary for the display.
In so doing, an off-current is preferably made small whereas
an on-current is preferably made large by use of an oxide
semiconductor. A larger off-current causes a voltage after
voltage application to be lowered faster, and a smaller off-
current causes a voltage after voltage application to be low-
ered slower. Therefore, in a case where an off-current is small,
a voltage becomes lowered by a small amount. This allows a
luminance to remain the same even if a pausing period is
made long, and therefore allows a pausing period to last for an
extended period of time.

[0112] Inorder to attain the object, a method in accordance
with the embodiment of the present invention is a method of
driving a liquid crystal display device, said liquid crystal
display device including: a plurality of scan signal lines; a
plurality of data signal lines; pixels provided for intersections
of the plurality of scan signal lines and the plurality of data
signal lines; a scan signal line drive circuit for selectively
scanning the scan signal lines; a data signal line drive circuit
for supplying data signals via the respective plurality of data
signal lines; and said method including the step of: control-
ling the scan signal line drive circuit (i) to scan all of the
plurality of scan signal lines during at least two driving
frames contained in a first driving period and (ii) not to scan
any of the plurality of scan signal lines during pausing frames
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in a pausing period which (i) is secured between the first
driving period and a second driving period by which the first
driving period is followed and (ii) is longer than each of the
first and second driving periods.

[0113] With the configuration, it is possible to reduce elec-
tric power consumption while achieving high quality display
with reduced afterimages.

[0114] The embodiments and the concrete examples,
which have been discussed in the detailed description, are
illustrative only, which should not be narrowly interpreted
within the limits of such embodiments and concrete
examples, but are rather meant to be applied in any variations
within the spirit of the present invention, provided that such
variations do not exceed the scope of the patent claims set
forth below.

INDUSTRIAL APPLICABILITY

[0115] A liquid crystal display device of the present inven-
tionis applicable to display sections of devices such as mobile
phones, smartphones, and laptop personal computers.

REFERENCE SIGNS LIST
[0116] 1 Liquid crystal display device
[0117] 2 Display panel
[0118] 3 TFT
[0119] 4 Gate driver
[0120] 5 Pixel electrode
[0121] 6 Source driver
[0122] 8 Common electrode drive circuit
[0123] 10 Timing controller
[0124] 12 Pause and drive control block

1. A liquid crystal display device comprising:

a plurality of scan signal lines;

a plurality of data signal lines;

pixels provided for intersections of the plurality of scan

signal lines and the plurality of data signal lines;

a scan signal line drive circuit for selectively scanning the

scan signal lines;

adata signal line drive circuit for supplying data signals via

the respective plurality of data signal lines; and

a drive control section for controlling the scan signal line

drive circuit (i) to scan all of the plurality of scan signal
lines during at least two driving frames contained in a
first driving period and (ii) not to scan any of the plurality
of scan signal lines during pausing frames in a pausing
period which (i) is secured between the first driving
period and a second driving period by which the first
driving period is followed and (ii) is longer than each of
the first and second driving periods.

2. The liquid crystal display device as set forth in claim 1,
wherein the first and second driving periods each contain at
least so many driving frames as to correspond to a longest
response time required for a transition of a pixel, at a tem-
perature inside the liquid crystal display device, from a first
gradation to a second gradation which is different from the
first gradation.
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3. The liquid crystal display device as set forth in claim 1,
wherein, during each of the driving frames, the data signal
line drive circuit supplies gradation signals each of which is a
data signal having been subjected to a gradation enhancement
process, as the data signals, to pixels to be subjected to tran-
sition from a first gradation to a second gradation which is
different from the first gradation, via the plurality of data
signal lines.

4. The liquid crystal display device as set forth in claim 3,
wherein, during each of the driving frames, the data signal
line drive circuit supplies, via the plurality of data signal lines,
gradation signals each of which has been subjected to a gra-
dation enhancement process in accordance with a tempera-
ture inside the liquid crystal display device.

5. The liquid crystal display device as set forth in claim 1,
wherein polarities of data signals to be supplied during a last
driving frame of the first driving period are different from
polarities of data signals to be supplied during a last driving
frame of the second driving period.

6. The liquid crystal display device as set forth in claim 1,
wherein each of the first and second driving periods is made
up only of driving frames.

7. The liquid crystal display device as set forth in claim 1,
wherein:

each of the first and second driving periods contains driv-

ing frames and a pausing frame; and

the pausing frame is provided so as to follow after the

driving frame.

8. The liquid crystal display device as set forth in claim 1,
wherein an oxide semiconductor is employed as a semicon-
ductor layer of a TFT which is provided in each of the pixels.

9. The liquid crystal display device as set forth in claim 8,
wherein the oxide semiconductor is InGaZnOx.

10. A method of driving a liquid crystal display device,

said liquid crystal display device comprising:

a plurality of scan signal lines;

a plurality of data signal lines;

pixels provided for intersections of the plurality of scan

signal lines and the plurality of data signal lines;

a scan signal line drive circuit for selectively scanning the

scan signal lines;

adatasignal line drive circuit for supplying data signals via

the respective plurality of data signal lines; and

said method comprising the step of:

controlling the scan signal linedrive circuit (i) to scan all of

the plurality of scan signal lines during at least two
driving frames contained in a first driving period and (i1)
notto scan any of the plurality of scan signal lines during
pausing frames in a pausing period which (i) is secured
between the first driving period and a second driving
period by which the first driving period is followed and
(ii) is longer than each of the first and second driving
periods.
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