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(7) ABSTRACT

Provided is a liquid crystal display device that can suppress,
more than the prior art, lowering of display quality when
low-frequency drive is being carried out. The liquid crystal
display device is operated in a low frequency drive mode. A
source driver applies a gradation voltage during write periods
and an idle period voltage during anidle period to each source
line. The value of the idle period voltage is, for example, an
average value of a maximum gradation positive voltage, a
maximum gradation negative voltage, a minimum gradation
positive voltage, and a minimum gradation negative voltage.
By making the voltage for each source line during the idle

(51) Int.ClL period be the idle period voltage, potential variations in the
G09G 320 (2006.01) source lines when switching from the write periods to the idle
G09G 3/36 (2006.01) period are smaller than the prior art.
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LIQUID CRYSTAL DISPLAY DEVICE, DATA
LINE DRIVE CIRCUIT, AND DRIVE METHOD
FOR LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, particularly to aliquid crystal display device that
performs a low frequency drive, a data line drive circuit that is
used in the liquid crystal display device, and a drive method
for the liquid crystal display device.

BACKGROUND ART

[0002] In the past, in a display apparatus such as a liquid
crystal display device, reduction in power consumption has
been demanded. Accordingly, for example, in PTL 1, it is
disclosed a drive method for a display apparatus in which
after a writing period where gate lines (scan lines) of the
liquid crystal display device are sequentially selected, and
writing of a voltage which is applied through a source line
(hereinafter, there is a case of being referred to as “voltage of
source line.”) to a pixel electrode is performed, a suspension
period where all of the gate lines are in a non-scan state is
arranged. The suspension period is set to be longer than the
writing period, and the sum of the suspension period and the
writing period is set to be 1 frame period (referred to as 1
vertical period). In the suspension period, for example, it can
be set such that a signal for control and the like are not given
to a gate driver and/or a source driver. Hereby, since an
operation of the gate driver and/or the source driver can be
suspended, it is possible to achieve the reduction in power
consumption. The drive method as described in PTL 1, which
is performed by providing the suspension period after the
writing period, is referred to as “low frequency drive,” for
example.

CITATION LIST
Patent Literature
[0003] PTL 1: Japanese Unexamined Patent Application
Publication No. 2003-131632
SUMMARY OF INVENTION
Technical Problem

[0004] Incidentally, it is known that parasitic capacitance is
formed between the pixel electrode and the source line. If a
potential variation is generated in the source line, the poten-
tial variation thereof is transferred to the pixel electrode cor-
responding to the gate line of a non-selection state, through
the parasitic capacitance. Therefore, the potential of the pixel
electrode (referred to as “pixel potential,” hereinafter) varies.
In the display apparatus which is described in PTL 1, it is not
mentioned whether the voltage of the source line is set to be
what voltage level in the suspension period. Consequently,
according to the setting of the voltage level of the source line
in the suspension period, the voltage of the source line largely
varies at the time of switching to the suspension period from
the writing period, and the pixel potential largely varies.
Hereby, a difference between display luminance in the sus-
pension period and the display luminance in the writing
period of the next frame period, becomes large. Therefore, a
large flicker is generated at the time of switching to the
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writing period from the suspension period (at the time of
switching in the frame petiod), and as a result, display quality
is lowered.

[0005] Accordingly, an object of the present invention is to
provide a liquid crystal display device that suppresses a low-
ering of display quality at the time of performing a low
frequency drive more than the related art, a data line drive
circuit that is used in the liquid crystal display device, and a
drive method for the liquid crystal display device.

Solution to Problem

[0006] A first aspect of the present invention provides a
liquid crystal display device which enables to drive a liquid
crystal display section in a first drive mode in which a writing
period where a plurality of scan lines are sequentially
selected. and a suspension period having a length of the
writing period or more where all of the plurality of scan lines
are in a non-selection state, alternately appear in a cycle of a
first drive frame period which includes the writing period and
the suspension period, the apparatus including

[0007] the liquid crystal display section including a plural-
ity of data lines, the plurality of scan lines, a plurality of pixel
electrodes that are positioned in a matrix shape to correspond
to the plurality of data lines and the plurality of scan lines, and
a common electrode that is arranged to correspond to the
plurality of pixel electrodes,

[0008] adataline drive circuit that gives a data signal to the
plurality of pixel electrodes through the plurality of data lines,
and reverses polarity of the data signal for the each writing
period, and

[0009] a scan line drive circuit that drives the plurality of
scan lines,

[0010] in which in the writing period, the data line drive
circuit sets any one of a plurality of positive polarity gradation
voltages, or any one of a plurality of negative polarity grada-
tion voltages, to a voltage of the data signal, and

[0011] in the suspension period, the data line drive circuit
sets a voltage of a value within a range where a maxinum
voltage among the plurality of positive polarity gradation
voltages is an upper limit, and a minimum voltage among the
plurality of negative polarity gradation voltages is a lower
limit, to the voltage of the data signal.

[0012] A second aspect of the present invention provides
the liquid crystal display device according to the first aspect,
[0013] inwhichin the suspension period, the data line drive
circuit sets the voltage of the data signal, to an average value
of the gradation voltage corresponding to a maximum grada-
tion among the plurality of positive polarity gradation volt-
ages, the gradation voltage corresponding to a maximum
gradation among the plurality of negative polarity gradation
voltages, the gradation voltage corresponding to a minimum
gradation among the plurality of positive polarity gradation
voltages, and the gradation voltage corresponding to a mini-
mum gradation among the plurality of negative polarity gra-
dation voltages.

[0014] A third aspect of the present invention provides the
liquid crystal display device according to the first aspect,
[0015] inwhichinthe suspension period, the data line drive
circuit sets the voltage of the data signal, to the value between
the gradation voltage corresponding to the maximum grada-
tion among the plurality of positive polarity gradation volt-
ages, and the gradation voltage corresponding to the maxi-
mum gradation among the plurality of negative polarity
gradation voltages.
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[0016] A fourth aspect of the present invention provides the
liquid crystal display device according to the third aspect,
[0017] inwhichinthe suspension period, the data line drive
circuit sets the voltage of the data signal, to the average value
of the gradation voltage corresponding to the maximum gra-
dation among the plurality of positive polarity gradation volt-
ages, and the gradation voltage corresponding to the maxi-
mum gradation among the plurality of negative polarity
gradation voltages.

[0018] A fifth aspect of the present invention provides the
liquid crystal display device according to the first aspect,
[0019] inwhich inthe suspension period, the data line drive
circuit sets the voltage of the data signal, to the value between
the gradation voltage corresponding to the minimum grada-
tion among the plurality of positive polarity gradation volt-
ages, and the gradation voltage corresponding to the mini-
mum gradation among the plurality of negative polarity
gradation voltages.

[0020] A sixth aspect of the present invention provides the
liquid crystal display device according to the fifth aspect,
[0021] inwhich inthe suspension period, the data line drive
circuit sets the voltage of the data signal, to the average value
of the gradation voltage corresponding to the minimum gra-
dation among the plurality of positive polarity gradation volt-
ages, and the gradation voltage corresponding to the mini-
mum gradation among the plurality of negative polarity
gradation voltages.

[0022] A seventh aspect of the present invention provides
the liquid crystal display device according to any one of the
first aspect to the sixth aspect, further including

[0023] a display control circuit that controls the data line
drive circuit and the scan line drive circuit, and switches
between the first drive mode and a second drive mode having
a cycle of a second drive frame period which includes the
writing period.

[0024] An eighth aspect of the present invention provides
the liquid crystal display device according to the seventh
aspect, further including

[0025] acommon potential supply circuit that gives a com-
mon potential to the common electrode,

[0026] in which the common potential supply circuit sets
the common potential to a value that is the same as the values
in the first drive mode and the second drive mode.

[0027] A ninth aspect of the present invention provides the
liquid crystal display device according to any one of the first
aspect to the sixth aspect,

[0028] in which the data line drive circuit includes a first
terminal to receive a voltage signal for suspension period
corresponding to the voltage of the data signal in the suspen-
sion period, and a second terminal to receive a switching
signal indicating the switching between the writing period
and the suspension period.

[0029] A tenth aspect of the present invention provides the
liquid crystal display device according to the ninth aspect,
[0030] inwhich the display control circuit gives the voltage
signal for suspension period and the switching signal to the
first terminal and the second terminal, respectively.

[0031] Aneleventh aspect of the present invention provides
the liquid crystal display device according to any one of the
first aspect to the tenth aspect,

[0032] in which the liquid crystal display section further
includes a thin film transistor that includes a channel layer
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formed by an oxide semiconductor and that is connected to
the pixel electrode and the data line corresponding to the pixel
electrode.

[0033] A twelfth aspect of the present invention provides a
data line drive circuit which includes a liquid crystal display
section including a plurality of data lines, the plurality of scan
lines, a plurality of pixel electrodes that are positioned in a
matrix shape to correspond to the plurality of data lines and
the plurality of scan lines, and a common electrode that is
arranged to correspond to the plurality of pixel electrodes, is
used in a liquid crystal display device that enables to drive the
liquid crystal display section in a first drive mode in which a
writing period where the plurality of scan lines are sequen-
tially selected, and a suspension period having a length of the
scan period or more where all of the plurality of scan lines are
in a non-selection state, alternately appear ina cycle of a first
drive frame period which includes the scan period and the
suspension period, gives a data signal to the plurality of pixel
electrodes through the plurality of data lines, and reverses
polarity of the data signal for the each writing period, the
circuit including

[0034] a first terminal to receive a voltage signal for sus-
pension period corresponding to a voltage of the data signal in
the suspension period,

[0035] asecond terminal to receive a switching signal indi-
cating the switching between the writing period and the sus-
pension period, and

[0036] a voltage switching circuit that sets any one of a
plurality of positive polarity gradation voltages, or any one of
a plurality of negative polarity gradation voltages to the volt-
age of the data signal, in the writing period, and sets the
voltage which is shown in the voltage signal for suspension
period to the voltage of the data signal, in the suspension
period, based on the switching signal,

[0037] in which the voltage which is shown in the voltage
signal for suspension period, is a value within a range where
a maximum voltage among the plurality of positive polarity
gradation voltages is an upper limit, and a minimum voltage
among the plurality of negative polarity gradation voltages is
a lower limit.

[0038] A thirteenth aspect of the present invention provides
a drive method for a liquid crystal display device which
includes a liquid crystal display section including a plurality
of data lines, a plurality of scan lines, a plurality of pixel
electrodes that are positioned in a matrix shape to correspond
to the plurality of data lines and the plurality of scan lines, and
a common electrode that is arranged to correspond to the
plurality of pixel electrodes, and enables to drive the liquid
crystal display section in a first drive mode in which a writing
period where the plurality of scan lines are sequentially
selected, and a suspension period having a length of the scan
period or more where all of the plurality of scan lines are in a
non-selection state, alternately appear in a cycle of a first
drive frame period which includes the scan period and the
suspension period, the drive method including

[0039] a data line drive step of giving a data signal to the
plurality of pixel electrodes through the plurality of data lines,
and reversing polarity of the data signal for the each writing
period,

[0040] 1in which in the writing period, the data line drive
step includes a step of setting any one of a plurality of positive
polarity gradation voltages, or any one of a plurality of nega-
tive polarity gradation voltages, to a voltage of the data signal,
and
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[0041] in the suspension period, the data line drive step
includes a step of setting the voltage of a value within a range
where a maximum voltage among the plurality of positive
polarity gradation voltages is an upper limit, and a minimum
voltage among the plurality of negative polarity gradation
voltages is a lower limit, to the voltage of the data signal.

Advantageous Effects of Invention

[0042] According to the first aspect of the present inven-
tion, in the suspension period of the first drive mode (corre-
sponding to a low frequency drive mode), the voltage of the
value within the range where the maximum voltage among
the plurality of positive polarity gradation voltages is the
upper limit, and the minimum voltage among the plurality of
negative polarity gradation voltages is the lower limit, is
applied to each data line. Therefore, by presence of parasitic
capacitance that is formed between the data line correspond-
ing to each pixel electrode and the pixel electrode, and the
parasitic capacitance that is formed between the data line
which interposes the pixel electrode therebetween and is
adjacent to the data line corresponding to each pixel elec-
trode, and the pixel electrode, a variation in pixel potential
that is generated at the time of switching to the suspension
period from the writing period, is as follows. Furthermore, in
description of the following effects of the invention, it is
assumed that a liquid crystal display device of the related art
performing the low frequency drive, sets a data voltage in the
suspension period to be the voltage out of the gradation volt-
age range. According to the first aspect of the present inven-
tion, the voltage of the data signal in the suspension period
becomes the value within the range described above, and
thereby, a potential variation in the data line at the time of
switching to the suspension period from the writing period
becomes smaller than the related art, Therefore, the variation
in the pixel potential which is generated at the time of switch-
ing to the suspension period from the writing period, becomes
smaller than the related art. Hereby, a difference between
display luminance in the suspension period and the display
luminance in the writing period of the next frame period,
becomes smaller than the related art. Consequently, a flicker
which is generated at the time of switching to the writing
period from the suspension period (at the time of switching in
the frame period), is suppressed more than the related art. As
aresult, it is possible to suppress a lowering of display quality
more than the related art.

[0043] According to the second aspect of the present inven-
tion, in the suspension period, the voltage of the data signal is
set to the average value of the gradation voltage (maximum
gradation positive polarity voltage) corresponding to the
maximum gradation among the plurality of positive polarity
gradation voltages, the gradation voltage (maximum grada-
tion negative polarity voltage) corresponding to the maxi-
mum gradation among the plurality of negative polarity gra-
dation voltages, the gradation voltage (minimum gradation
positive polarity voltage) corresponding to the minimum gra-
dation among the plurality of positive polarity gradation volt-
ages, and the gradation voltage (minimum gradation negative
polarity voltage) corresponding to the minimum gradation
among the plurality of negative polarity gradation voltages.
Therefore, at the positive polarity and the negative polarity,
the variation in the pixel potential at the time of switching to
the writing period from the suspension period, is approxi-
mately uniformized. Hereby, it is possible to further enhance
the suppression effect of the lowering in the display quality.
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[0044] According to the third aspect of the present inven-
tion, in the suspension period, the voltage of the data signal is
set to the value between the maximum gradation positive
polarity voltage and the maximum gradation negative polar-
ity voltage, and thereby, it is possible to have the same effects
as the first aspect of the present invention. In particular, when
the value which is close to the average value between the
maximum gradation positive polarity voltage and the maxi-
mum gradation negative polarity voltage, is adopted as a
voltage of the data signal in the suspension period, at the
positive polarity and the negative polarity, the variation in the
pixel potential at the time of switching to the writing period
from the suspension period, is approximately uniformized.
Hereby, it is possible to further enhance the suppression effect
of the lowering in the display quality.

[0045] According to the fourth aspect of the present inven-
tion, in the suspension period, the voltage of the data signal is
set to the average value of the maximum gradation positive
polarity voltage and the maximum gradation negative polar-
ity voltage. Therefore, at the positive polarity and the negative
polarity, the variation in the pixel potential at the time of
switching to the writing period from the suspension period, is
approximately uniformized. Hereby, it is possible to further
enhance the suppression effect of the lowering in the display
quality.

[0046] According to the fifth aspect of the present inven-
tion, in the suspension period, the voltage of the data signal is
set to the value between the minimum gradation positive
polarity voltage and the maximum gradation negative polar-
ity voltage, and thereby, it is possible to have the same effects
as the first aspect of the present invention. In particular, when
the value which is close to the average value between the
minimum gradation positive polarity voltage and the maxi-
mum gradation negative polarity voltage, is adopted as a
voltage of the data signal in the suspension period, at the
positive polarity and the negative polarity, the variation in the
pixel potential at the time of switching to the writing period
from the suspension period, is approximately uniformized.
Hereby, it is possible to further enhance the suppression effect
of the lowering in the display quality.

[0047] According to the sixth aspect of the present inven-
tion, in the suspension period, the voltage of the data signal is
set to the average value of the minimum gradation positive
polarity voltage and the maximum gradation negative polar-
ity voltage. Therefore, at the positive polarity and the negative
polarity, the variation in the pixel potential at the time of
switching to the writing period from the suspension period, is
approximately uniformized. Hereby, it is possible to further
enhance the suppression effect of the lowering in the display
quality.

[0048] According to the seven aspect of the present inven-
tion, since it is possible to switch between the first drive mode
and the second drive mode, it is possible to perform the
display depending on intended use.

[0049] According to the eighth aspect of the present inven-
tion, in the liquid crystal display device which enables to
switch between the first drive mode and the second drive
mode, since the common potential becomes the same value in
the first drive mode and the second drive mode, it is not
necessary to switch the common potential depending on the
switching of the drive mode. Hence, it is possible to suppress
the lowering of the display quality in a simple configuration.
[0050] According to the ninth aspect of the present inven-
tion, using the data line drive circuit including the first termi-
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nal and the second terminal, it is possible to realize the liquid
crystal display device which enables to suppress the lowering
of the display quality at the time of performing the low fre-
quency drive.

[0051] According to the tenth aspect of the present inven-
tion, the display control circuit gives the suspension period
voltage signal and the switching signal to the data line drive
circuit, and thereby, it is possible to have the same effects as
the first aspect of the present invention.

[0052] According to the eleventh aspect of the present
invention, the thin film transistor where the channel layer is
formed by the oxide semiconductor, is used. Therefore, it is
possible to sufficiently retain the pixel potential. Hereby, even
when the suspension period having the length of the writing
period or more is arranged, it is unlikely to generate the
lowering of the display quality.

[0053] According to the twelfth aspect of the present inven-
tion, by using the data line drive circuit relating to the twelfth
aspect, in the liquid crystal display device which enables to
drive the liquid crystal display section in the first drive mode,
it is possible to have the same effects as the first aspect of the
present invention.

[0054] According to the thirteenth aspect of the present
invention, in the drive method for the liquid crystal display
device, it is possible to have the same effects as the first aspect
of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

[0055] FIG. 1 is a block diagram illustrating an overall
configuration of a liquid crystal display device according to a
first embodiment of the present invention.

[0056] FIG. 2 is a circuit diagram for describing parasitic
capacitances which are formed in a pixel formation section in
the liquid crystal display device shown in FIG. 1.

[0057] FIG. 3 is a diagram for describing a flicker pattern.
(A) is a diagram illustrating the flicker pattern. (B) is a dia-
gram illustrating polarity in an N-th frame. (C) is a diagram
illustrating the polarity in an N+1-th frame.

[0058] FIG.4isadiagram for describing display luminance
which is obtained by a liquid crystal display device according
to a related art example. (A)is a waveform diagram illustrat-
ing a voltage of a source line SLj. (B) is a waveform diagram
illustrating pixel potential in a pixel formation section 110 of
ani-th row and a j-th column corresponding to the source line
SLj. (C) is a waveform diagram illustrating the display lumi-
nance in the pixel formation section 110 of the i-th row and
the j-th column.

[0059] FIG.5isadiagram illustrating a simulation result of
the display luminance shown in FIG. 4(C).

[0060] FIG. 6 is a diagram for describing the display lumi-
nance which is obtained by the liquid crystal display device
according to the first embodiment. (A) is a waveform diagram
illustrating the voltage of the source line SLj. (B) is a wave-
form diagram illustrating the pixel potential in the pixel for-
mation section 110 of the i-th row and the j-th column corre-
sponding to the source line SL;j. (C) is a waveform diagram
illustrating the display luminance in the pixel formation sec-
tion 110 of the i-th row and the j-th column.

[0061] FIG. 7 is a diagram comparing the display lumi-
nance which is obtained by the liquid crystal display device
according to the related art example, with the display lumi-
nance which is obtained by the liquid crystal display device
according to the first embodiment. (A) is a diagram illustrat-
ing the display luminance which is obtained by the liquid
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crystal display device according to the related art example.
(B) is a diagram illustrating the display luminance which is
obtained by the liquid crystal display device according to the
first embodiment.

[0062] FIG. 8 is a diagram for describing an operation in a
normal drive mode of the liquid crystal display device accord-
ing to the related art example. (A) is a waveform diagram
illustrating the voltage of the source line SLj. (B) is a wave-
form diagram illustrating the pixel potential in the pixel for-
mation section 110 of the i-th row and the j-th column corre-
sponding to the source line SL;j.

[0063] FIG. 9 is a diagram for describing an operation in a
normal drive mode of a liquid crystal display device accord-
ing to a second embodiment of the present invention. (A) is a
waveform diagram illustrating the voltage of the source line
SL;j. (B)is a waveform diagram illustrating the pixel potential
in the pixel formation section 110 of the i-th row and the j-th
column corresponding to the source line SL;.

[0064] FIG. 10 is a block diagram for describing a configu-
ration of a source driver in a third embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0065] Hereinafter, with reference to the accompanying
drawings, a first embodiment to a third embodiment of the
present invention will be described. In the following, the
reference signs relating to voltage, potential, and capacitance,
may represent dimensions of the voltage, the potential, and
the capacitance. Moreover, in the following, each of m and n
represents integers of 2 or more.

1. First Embodiment

1. 1 Overall Configuration and Operation Outline

[0066] FIG. 1isablock diagram illustrating a configuration
of an active matrix type liquid crystal display device 10
according to the first embodiment of the present invention. As
shown in FIG. 1, the liquid crystal display device 10 includes
a liquid crystal display section 100, a display control circuit
200, a source driver (data line drive circuit) 300, a gate driver
(scan line drive circuit) 400, a common potential supply cir-
cuit 500, and a reference voltage generation circuit 600. To
each of the source driver 300, the gate driver 400, the common
potential supply circuit 500, and the reference voltage gen-
eration circuit 600, the power is supplied from a power circuit
which is not shown in the drawing. The liquid crystal display
device 10 according to the present embodiment, is a liquid
crystal display device which is operatable in a low frequency
drive. In the following, a mode at which the low frequency
drive (drive in which 1 frame period includes a writing period
and a suspension period) is performed, is referred to as “low
frequency drive mode,” and a mode at which a normal drive
(drive in which 1 frame period includes the writing period) is
performed, is referred to as “normal drive mode.” The low
frequency drive mode and the normal drive mode correspond
to a first drive mode and a second drive mode, respectively.
Moreover, each frame period in the low frequency drive mode
and each frame period in the normal drive mode correspond to
a first drive frame period and a second drive frame period,
respectively. For example, the liquid crystal display device 10
according to the present embodiment, enables to switch
between the low frequency drive mode and the normal drive
mode, but may be favorable if being operatable at least in the
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low frequency drive mode. Additionally, in the liquid crystal
display device according to the present embodiment and each
embodiment described later, a polarity reversal drive is per-
formed in order to prevent deterioration of the liquid crystal.

[0067] In the liquid crystal display section 100, n source
lines (data lines) SL1to SLn, m gate lines (scan lines) GL1 to
GLm, and a plurality of (mxn) pixel formation sections 110
which are arranged to correspond to an intersection point of
the n source lines SL1 to SLn and the m gate lines GL1 to
GLm, are arranged. One pixel (one sub-pixel in case ofa color
display) is formed by one pixel formation section 110. In FIG.
1, the pixel formation section 110 of an i-th row and a j-th
column which is arranged to correspond to an intersection
point of a source line SIj and a gate line GLi, is shown (i=1 to
m, j=1ton). One pixel formation section 110, is configured by
a TFT (Thin Film Transistor) 111 where a gate terminal is
connected to the gate line GLi which passes through the
corresponding intersection point, and a source terminal is
connected to the source line SIj which passes through the
intersection point, a pixel electrode 112 that is connected to a
drain terminal of the TFT 111, a common electrode (referred
to as a counter electrode) 113 that is commonly arranged to
correspond to the mxn pixel formation section 110, a subsid-
iary electrode 114, and a liquid crystal layer that is interposed
between the pixel electrode 112 and the common electrode
113. For example, the subsidiary electrode 114 is arranged
along each gate line. Therefore, a liquid crystal capacitance
Clc is formed by the pixel electrode 112 and the common
electrode 113, and a subsidiary capacitance Cst is formed by
the pixel electrode 112 and the subsidiary electrode 114. In
the present embodiment, it is assumed that the same potential
to each other is given to the common electrode 113 and the
subsidiary electrode 114. However, for example, the subsid-
iary electrode 114 may be driven per a row. Moreover, it is
assumed that the liquid crystal display section 100 in the
present embodiment is in a normally black mode. In addition,
the liquid crystal display section 100 in the present embodi-
ment, may be in any one of a longitudinal electric field mode
and a lateral electric field mode.

[0068] Inthe present embodiment, an oxide TFT is used as
aTFT 111. In more detail, a channel layer of the TFT 111 is
formed by IGZO (InGaZnOx) which uses indium (In), gal-
lium (Ga), zinc (Zn), and oxygen (O) as a main ingredient.
Hereinafter, the TFT using IGZO in the channel layer is
referred to as “IGZO-TFT” Since a silicon based TFT (to
which a TFT using amorphous silicon or the like in the chan-
nel layer is called) has relatively large off-leak current, when
the silicon based TFT is used as a TFT 111, an electric charge
which is retained in pixel capacitance, is leaked out through
the TFT 111, and as a result, the voltage to be retained at the
time of being in an off state, varies. However, the IGZO-TFT
has very small off-leak current in comparison with the silicon
based TFT. Hence, it is possible to retain the voltage which is
written in the pixel capacitance in the more longer period.
Furthermore, in addition to IGZO, as an oxide semiconduc-
tor, for example, even when the oxide semiconductor includ-
ing at least one among indium, gallium, zinc, copper (Cu),
silicon (Si), tin (Sn), aluminum (Al), calcium (Ca), germa-
nium (Ge), and lead (Pb), is used in the channel layer, the
same effects are obtained.

[0069] The display control circuit 200 receives an image
signal DAT that is sent from the outside, and a timing signal
group TG of a horizontal synchronization signal, a vertical
synchronization signal, and the like, and in the writing period,
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outputs a digital video signal DV, a source start pulse SSP for
controlling an image display in the liquid crystal display
section 100, a source clock SCK, a latch strobe signal LS, a
polarity signal FOL, a switching signal SW, a gate start pulse
GSP, and a gate clock GCK. The switching signal SW shows
the switching between the writing period and the suspension
period in the low frequency drive mode. Moreover, in the
suspension period, for example, the display control circuit
200 stops the output of the digital video signal DV, the source
start pulse SSP, the source clock SCK, the latch strobe signal
LS, the polarity signal POL, the gate start pulse CSP, and the
gate clock GCK, or sets the signals to a fixed potential.

[0070] The source driver 300 receives the digital video
signal DV, the source start pulse SSP, the source clock SCK,
the latch strobe signal LS, the polarity signal POL, and the
switching signal SW which are output from the display con-
trol circuit 200, and supplies a data signal to each source line.
Based on the switching signal SW, the source driver 300
enables to operate depending on the writing period or the
suspension period. In the writing period, at the timing of
generating the pulse of the source clock SCK, the source
driver 300 sequentially retains the digital image signal DV
that shows a gradation value corresponding to a data voltage
to be applied to each source line. Therefore, at the timing of
generating the pulse of the latch strobe signal LS, the source
driver 300 converts the retained digital video signal DV into a
gradation voltage which is an analog voltage, depending on
the polarity signal POL, and supplies the data signal corre-
sponding to the gradation voltage (data voltage) after the
conversion, to all source lines. By reversing the voltage polar-
ity of each source line depending on the polarity signal POL,
the polarity reversal drive is performed. On the other hand, in
the suspension period, the source driver 300 applies a voltage
V_m for suspension period to all source lines. In this manner,
when the polarity of the data signal is the positive polarity or
the negative polarity, the source driver 300 is configured so as
to set any one of a plurality of positive polarity gradation
voltages, or any one of a plurality of negative polarity grada-
tion voltages, to a data voltage, in the writing period, and the
source driver 300 is configured so as to set the voltage V_m
for suspension period to a data voltage, in the suspension
period. In the present embodiment, the voltage V_m for sus-
pension period may be generated within the source driver
300, or may be given from the outside (for example, the
display control circuit 200) of the source driver 300. The
voltage V_m for suspension period will be described later, in
detail. In the low frequency drive mode, the source driver 300
repeats the operation in the writing period and the operation in
the suspension period described above, as a cycle of 1 frame
period.

[0071] In the source driver 300, when the data signal dis-
playing a predetermined gradation into the liquid crystal dis-
play section 100 is generated, the reference voltage genera-
tion circuit 600 generates a plurality of reference voltage
signals VR which become the reference thereof, and gives the
plurality of generated reference voltage signals VR, to the
source driver 300.

[0072] In the writing period, based on the gate start pulse
GSP and the gate clock GCK which are output from the
display control circuit 200, by performing the application to
eachof the gate lines GL1 to GLm of an active scan signal, the
gate driver 400 performs scans of the gate lines GL1 to GLm.
Moreover, in the suspension period, the gate driver 400 do not
perform the scans of the gate lines GL1 to GLm. In the low
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frequency drive mode, the gate driver 400 repeats the opera-
tion in the writing period and the operation in the suspension
period described above, as a cycle of 1 frame period.

[0073] The common potential supply circuit 500 gives a
predetermined common potential Veom, to each of the com-
mon electrode 113 and the subsidiary electrode 114. In the
pixel capacitance, the voltage corresponding to a potential
difference between the pixel potential and the common poten-
tial Vcom, is retained. Furthermore, when each of the subsid-
iary electrodes 114 is individually driven as described above,
the common potential supply circuit 500 gives the common
potential Vcom only to the common electrode 113, and for
example, the predetermined potential from a subsidiary elec-
trode drive circuit, is given to each subsidiary electrode 114.
[0074] In this manner, based on the image signal DAT
which is transmitted from the outside of the liquid crystal
display device 10, the pixel is displayed in the liquid crystal
display section 100.

1. 2 Examination of Related Art Example

[0075] Before describing the operation of the liquid crystal
display device 10 according to the present embodiment, a
liquid crystal display device (hereinafter, there is a case of
being referred to as “related art example.”) of the related art
which performs the low frequency drive, will be examined.
Furthermore, except for the operation of the source driver 300
in the suspension period, a basic configuration and operations
of the related art example are the same as those in the present
embodiment.

[0076] FIG. 2 is a circuit diagram for describing parasitic
capacitance which is formed in the pixel formation section
1101n the liquid crystal display device 10 shown in FIG. 1. As
shown in FIG. 2, in the pixel formation section 110 of the i-th
row and the j-th column, a parasitic capacitance Cgd (referred
to as “first parasitic capacitance,” hereinafter) is formed
between the pixel electrode 112 and the gate line GLi of the
i-th row, a parasitic capacitance Csa (referred to as “second
parasitic capacitance,” hereinafter) is formed between the
pixel electrode 112 and the source line SLj of the j-th column,
and a parasitic capacitance Csb (referred to as “third parasitic
capacitance,” hereinafter) is formed between the pixel elec-
trode 112 and the source line SLj+1 of the j+1-th column.
[0077] Here, in a state of forming the parasitic capacitance
as shown in FIG. 2, the case where a flicker pattern is dis-
played, is considered. As a flicker pattern, as shown in FIG.
3(A), inthe case of amonochrome display, a pattern in which
the display of white gradation or intermediate gradation (sim-
ply referred to as “white gradation,” hereinafter), and the
display of black gradation are alternately performed per a
pixel 20, is called. Furthermore, when the sub-pixels of R
(red), G (green), and B (blue) are present as the color display,
the display of the white gradation and the display of the black
gradation are alternately performed per a sub-pixel, but here,
the case of the monochrome display is assumed, for conve-
nience of the description.

[0078] FIG. 3(B) and FIG. 3(C) are diagrams illustrating
polarity of each pixel in an N-th frame period (N is a natural
number), and the polarity of each pixel 20 in an N+1-th frame
period in the case where the flicker pattern is displayed by
performing a dot reversal drive, respectively. As shown in
FIG. 3(B) and FIG. 3(C), the polarity is reversed per one pixel
20 in each of a horizontal direction and a vertical direction,
and the polarity of each pixel 20 is reversed per 1 frame
period. In the flicker pattern shown in FIG. 3(A) to F1G. 3(C),
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the pixels 20 of the white gradation, all become at the same
polarity in each frame, and the polarity is reversed per 1 frame
period. The flicker pattern described above, is suitable for
intended use to check a luminance difference between the
polarities.

[0079] FIG. 4is a diagram for describing display luminance
which is obtained by the liquid crystal display device accord-
ing to the related art example. In more detail, FIG. 4(A) is a
waveform diagram illustrating the voltage (data voltage) of
the source line SLj, FIG. 4(B) is a waveform diagram illus-
trating the pixel potential in the pixel formation section 110 of
the i-th row and the j-th column corresponding to the source
line SLj, and FIG. 4(C) is a waveform diagram illustrating the
display luminance in the pixel formation section 110 of the
i-th row and the j-th column. In FIG. 4(A) to FIG. 4(C), the
flicker patterns which are shown in FIG. 3(A) to FIG. 3(C),
are displayed. The display luminance shown in FIG. 4(C),
varies depending on the potential difference between the
pixel potential shown in FIG. 4(B) and the common potential
Vcom. Furthermore, a value of the common potential Vcom
shown in FIG. 4(B), is a simple illustration, and is not limited
to the value. Moreover, note that waveform dullness, a length
of each period, and the like are schematically shown in FIG.
4(A) to FIG. 4(C) (in the same manner as FIG. 6(A) to FIG.
6(C), FIG. 8(A), FIG. 8(B), FIG. 9(A), and FIG. 9(B)
described later).

[0080] In FIG. 4(A) to FIG. 4(C), the N-th to an N+2-th
periods are represented by “F(N) to F(N+2),” respectively.
The period (referred to as “positive polarity writing period,”
hereinafter) in which the positive polarity data voltage is
written into the pixel formation section 110 of the i-th row and
the j-th column, is represented by “HWP,” the period (referred
to as “negative polarity writing period,” hereinafter) in which
the negative polarity data voltage is written into the pixel
formation section 110 of the i-th row and the j-th column, is
represented by “LWP,” and the suspension period is repre-
sented by “SP” In other words, the positive polarity writing
period HWP is a writing period for performing the positive
polarity white gradation display and the negative polarity
black gradation display in the flicker pattern. In other words,
the negative polarity writing period LWP is a writing period
for performing the negative polarity white gradation display
and the positive polarity black gradation display in the flicker
pattern. Each frame period includes the writing period and the
suspension period. Moreover, The length of each frame
period is 200 ms, the length of each writing period is 16.7 ms,
and the length of the suspension period SP is 183.3 ms. That
is, arefresh rate is 5 Hz. Furthermore, if the suspension period
SP has the length of each writing period or more, it is favor-
able, and the length of each period and the refresh rate are not
limited to examples shown here.

[0081] In FIG. 4(A), the gradation voltage (referred to as
“maximum gradation positive polarity voltage,” hereinafter)
corresponding to a maximum gradation among the plurality
of positive polarity gradation voltages, is represented by
“V_hmax,” and the gradation voltage (referred to as “maxi-
mum gradation negative polarity voltage,” hereinafter) corre-
sponding to a maximum gradation among the plurality of
negative polarity gradation voltages, is represented by
“V_Imax.” The gradation voltage (referred to as “minimum
gradation positive polarity voltage,” hereinafter) correspond-
ing to a minimum gradation among the plurality of positive
polarity gradation voltages, is represented by “V_hmin,” and
the gradation voltage (referred to as “minimum gradation
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negative polarity voltage,” hereinafter) corresponding to a
minimum gradation among the plurality of negative polarity
gradation voltages, is represented by “V_Imin.” In the present
embodiment adopting the normally black mode, the maxi-
mum gradation positive polarity voltage V_hmax is a maxi-
mum voltage among the plurality of positive polarity grada-
tion voltages, and the maximum gradation negative polarity
voltage V_Imax is a minimum voltage among the plurality of
negative polarity gradation voltages. The minimum gradation
positive polarity voltage V_hmin is a minimum voltage
among the plurality of positive polarity gradation voltages,
and the minimum gradation negative polarity voltage V_Imin
is a maximum voltage among the plurality of negative polar-
ity gradation voltages. A magnitude relationship of the maxi-
mum gradation positive polarity voltage V_hmax, the maxi-
mum gradation negative polarity voltage V_lmax, the
minimum gradation positive polarity voltage V_hmin, and
the minimum gradation negative polarity voltage V_Imin, is
given by the following equation (1).

V_hmax>V_hmin>V_Imin>V_ Imax 6y

[0082] First, the operation in the N-th frame period F(N),
will be described. As described above, since the polarity and
the black and white gradation are reversed per one pixel 20 in
the vertical direction, in the positive polarity writing period
HWP, the voltage of the source line SLj of the j-th column, is
repeated between the maximum gradation positive polarity
voltage V_hmax and the minimum gradation negative polar-
ity voltage V_lmin, per 1 horizontal period. Moreover, since
the polarity and the black and white gradation are reversed per
one pixel 20 in the horizontal direction, the voltage of the
source line SIj+1 of the j+1-th column, is repeated between
the maximum gradation positive polarity voltage V_hmax
and the minimum gradation negative polarity voltage V_Imin,
per 1 horizontal period, in a reverse order to the voltage of the
source line SLj of the j-th column. In the positive polarity
writing period HWP, based on the gate start pulse GSP and the
gate clock GCK, the gate lines GL.1 to GLm are scanned
(sequentially selected). Furthermore, the operation before the
writing of the data voltage is actually performed into the pixel
formation section 110 of the i-th row and the j-th column in
the positive polarity writing period HWP, will be described
later in the operation description of the N-th frame period
F(N+2).

[0083] If the gate line GLi of the i-th row is selected, the
TFT 111 within the pixel formation section 110 of the i-th row
and the j-th column is turned on, and the maximum gradation
positive polarity voltage V max is applied to the pixel elec-
trode 112, through the source line SLj of the j-th column.
When the selection of the gate line GLi of the i-th row is
completed, and the TFT 111 is turned off, a potential variation
in the gate line GLi is transferred to the pixel electrode 112,
through the first parasitic capacitance Cgd. A field through
voltage AVgd which is generated in the pixel electrode 112 in
this manner, is given by the following equation (2).

AVgd=(Cad/ZC)(Vgh-Vel) )

Here, 2C represents the total sum of all capacitances contrib-
uting to the pixel electrode 112, Vgh represents a high level
(level at the time of the selection) of the gate line GLi, and Vgl
represents a low level (level at the time of the non-selection)
of the gate line GLi.

[0084] Moreover, when the flicker pattern is displayed, the
source line SLj of the j-th and the source line SLj+1 of the
1-th, change at the reverse polarity to each other, per 1 hori-
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zontal period. At the time of the non-selection of the gate line
GLi of the i-th row, the potential variation in the source line
SLj of the j-th column and the source line SLj+1 of the j+1-th
column, is transferred to the pixel electrode 112, through the
second parasitic capacitance Csa and the third parasitic
capacitance Csb, respectively. A pixel potential variation
AVg_s (referred to as “pixel potential variation relating to the
source line after the writing in the writing period,” hereinaf-
ter) which is generated in this manner, is given by the follow-
ing equation (3).

AVg__s=(Csa/ZC)AVsa+(Csb/AC)AVsh (3)

Here, AVsa represents the potential variation in the source
line SLj of the j-th column, AVsb represents the potential
variation in the source line SLj+1 of the j+1-th column. Fur-
thermore, when the flicker pattern is displayed, AVsa and
AVsb become at positive and negative in reverse to each other.
[0085] In this way, an average pixel potential VGhwa (re-
ferred to as “average pixel potential after the positive polarity
writing,” hereinafter) after the writing is completed in posi-
tive polarity writing period HWP, is given by the following
equation (4).

VGhwa=Vs-AVgd+AVg s 4)

Here, Vs represents the data voltage which is written into the
pixel formation section 110 of the i-th row and the j-th col-
umn, and in the example of the flicker pattern described
above, Vs=V_hmax. Moreover, AVg_sis actually the average
value in the equation (4).

[0086] Inthe suspensionperiod SP of the N-th frame period
F(N), the scans of the gate lines GL1 to GLm stop. In the
related art example, as shown in FIG. 4(A), the voltage of the
source line SL;j is assumed to be set into, for example, OV. As
described above, by setting the suspension period SP to have
the length of the writing period or more, it is possible to
sufficiently lower the refresh rate. Therefore, power con-
sumption is reduced.

[0087] Incidentally, as shown in FIG. 4(A), at the time of
switching to the suspension period SP from the positive polar-
ity writing period HWP, each of the voltages of the source line
SLj of the j-th column and the source line SLj+1 of the j+1-th
column, is changed to OV. Hence, the potential variation inthe
source line SLj of the j-th column and the source line SLj+1
of the j+1-th column, is transferred to the pixel electrode 112,
through the second parasitic capacitance Csa and the third
parasitic capacitance Csb, respectively. A pixel potential
variation AV_hs at the time of switching to the suspension
period SP from the positive polarity writing period HWP
which is generated in this manner, is approximately given by
the following equation (5).

AV_hs=[(Csa/ZCY(V_hmax+V_Imin)/2+(Csb/ZC)
(V_hmax+V_Jmin})/2]/2 (5)

Here, “(V_hmax+V_lmin)/2” approximately represents the
voltage of the source line SLj of the j-th column and the
voltage of the source line SLj+1 of the j+1-th column at the
time of completing the positive polarity writing period HWP.
Note that the value is changed by the image to be actually
displayed.

[0088] A pixel potential VGhs of the suspension period SP
(hereinafter, there is a case of being referred to as “positive
polarity suspension period.”) after the positive polarity writ-
ing period HWP, is given by the following equation (6).

VGhs=VGhwa-AV_hs O]
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As shown in FIG. 4(C), by the potential variation AV_hs at the
time of switching to the suspension period SP from the posi-
tive polarity writing period HWP, the potential difference
(voltage which is retained in the pixel capacitance) between
the pixel potential and the common potential Vcom, becomes
small. Therefore, in the suspension period SP after the posi-
tive polarity writing period HWP, the display luminance
decreases in comparison with that at the time of completing
the positive polarity writing period HWP. Furthermore, when
the oxide TFT is used as a TFT 111, since the off-leak current
is exceedingly small, in the description of the present embodi-
ment, it is assumed that the value of the pixel potential VGhs
is not changed in the positive polarity suspension period.

[0089] As shown in FIG. 4(A), at the time of switching to
the negative polarity writing period LWP from the suspension
period SP (at the time of switching to the N+1-th frame period
F(N+1) from the N-th frame period F(N)), the voltage of the
source line SLj of the j-th column, is changed to the maximum
gradation negative polarity voltage V_Imax from OV. More-
over, the source line SLj+1 of the j+1-th column, is changed
to the minimum gradation positive polarity voltage V_hmin
from OV (not shown). Hence, the potential variation in the
source line SLj of the j-th column and the source line SLj+1
of the j+1-th column, is transferred to the pixel electrode 112,
through the second parasitic capacitance Csa and the third
parasitic capacitance Csb, respectively. In this manner, at the
time of switching to the negative polarity writing period LWP
from the suspension period SP, the pixel potential variation is
generated. Hereinafter, the pixel potential variation which is
generated at the time of switching to the negative polarity
writing period LWP from the suspension period SP, is
referred to as “pixel potential variation at the time of transit-
ing to the negative polarity writing period.”

[0090] In the negative polarity writing period LWP of the
N+1-th frame period F(14+1), the voltage of the source line
SL;j of the j-th column, is repeated between the maximum
gradation negative polarity voltage V_Imax and the minimum
gradation positive polarity voltage V_hmin, per 1 horizontal
period. In addition, the voltage of the source line SLj+1 of the
J+1-th column, is repeated between the maximum gradation
negative polarity voltage V_lmax and the minimum gradation
positive polarity voltage V_hmin, per 1 horizontal period, in
areverse order to the voltage of the source line 81j of the j-th
column. Until the gate line GLi of the i-th row is selected, the
potential variation in the source line SLj of the j-th column
and the source line SLj+1 of the j+1-th column, is transferred
to the pixel electrode 112, through the second parasitic
capacitance Csa and the third parasitic capacitance Csb,
respectively. By the pixel potential variation (referred to as
“pixel potential variation before the negative polarity writ-
ing,” hereinafter) before the writing of the data voltage is
actually performed into the pixel formation section 110 of the
i-th row and the j-th column in the negative polarity writing
period LWP, and the pixel potential variation at the time of
transiting to the negative polarity writing period, which are
generated in this manner, an average pixel potential VGlwb
(referred to as “average pixel potential before the negative
polarity writing,” hereinafter) before the writing of the data
voltage is actually performed into the pixel formation section
110 of the i-th row and the j-th column in the negative polarity
writing period LWP, is determined. As shown in FIG. 4(B),
the average pixel potential VGlwb before the negative polar-
ity writing, becomes higher than the pixel potential VGhs of
the positive polarity suspension period. Therefore, the poten-
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tial difference between the average pixel potential VGlwb
before the negative polarity writing and the common potential
Vcom, becomes larger than the potential difference between
the pixel potential VGhs of the positive polarity suspension
period and the common potential Vcom. Hereby, as shown in
FIG. 4(C), at the time of switching to the N+1-th frame period
F(N+1) from the N-th frame period F(N), a sharp change in
luminance (luminance increase) is generated. As a result, a
flicker is generated.

[0091] Thereafter, if the gate line GLi of the i-th row is
selected. by the same operation as the positive polarity writ-
ing period HWP, the maximum gradation negative polarity
voltage V_lmax is applied to the pixel electrode 112 within
the pixel formation section 110 of the i-th row and the j-th
column, through the source line SLj of the j-th column. In the
negative polarity writing period LWP, when the selection of
the gate line GLi of the i-th row is completed, and the TFT 111
is turned off, the field through voltage AVgd is generated, and
the pixel potential variation AVg_s relating to the source line
after the writing in the writing period, is generated, in the
same manner as in the positive polarity writing period HWP.
Furthermore, the average pixel potential VGhwa (referred to
as “average pixel potential after the negative polarity writ-
ing.” hereinafter) after the writing is completed in negative
polarity writing period LWP, is given by the above equation
(4),in the same manner as that in the positive polarity writing
period HWP. Here, the potential difference between the aver-
age pixel potential VGhwa after the negative polarity writing
and the common potential Vcom, becomes relatively larger
than the potential difference between the average pixel poten-
tial VGlwb before the negative polarity writing and the com-
mon potential Vcom. Therefore, not only a luminance change
at the time of switching to the N+1-th frame period F(N+1)
from the N-th frame period F(N), but also the luminance
change (luminance decrease) before and after the writing in
the negative polarity writing period LWP, become relatively
large. As a result, degrees of flicker further worsen.

[0092] As shown in FIG. 4(A), at the time of switching to
the suspension period SP from the negative polarity writing
period LWP, each of'the voltages of the source line SLj of the
j-th column and the source line SLj+1 ofthe j+1-th column, is
changed to OV. Hence, the potential variation in the source
line SL;j of the j-th column and the source line SLj+1 of the
j+1-th column, is transferred to the pixel electrode 112,
through the second parasitic capacitance Csa and the third
parasitic capacitance Csb, respectively. A pixel potential
variation AV _ls at the time of switching to the suspension
period SP from the negative polarity writing period LWP
which is generated in this manner, is approximately given by
the following equation (7).

AV_Is=[(Csa/ZC)(V_Imax+V_hmin)]/2+(Csb/ZC)
(V_max+V_hmin})/2]/2 (7

Here, “(V_lmax+V_hmin)/2” approximately represents the
voltage of the source line SLj of the j-th column and the
voltage of the source line SLj+1 of the j+1-th column at the
time of completing the negative polarity writing period LWP.
Note the point in which the value is changed by the image to
be actually displayed.

[0093] A pixel potential VGIs of the suspension period SP
(hereinafter, there is a case of being referred to as “negative
polarity suspension period.”) after the negative polarity writ-
ing period LWP, is given by the following equation (8).

VGls=VGlwa-AV_ls (8)
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As shown in FIG. 4(C), by the potential variation AV_Is at the
time of switching to the suspension period SP from the nega-
tive polarity writing period LWP, the potential difference
between the pixel potential and the common potential Vcom,
becomes large. Therefore, in the suspension period SP after
the negative polarity writing period LWP, the display lumi-
nance increases in comparison with that at the time of com-
pleting the negative polarity writing period LWP. Further-
more, when the oxide TFT is used as a TFT 111, since the
off-leak current is exceedingly small, in the description of the
present embodiment, it is assumed that the value of the pixel
potential VGIs is not changed in the negative polarity suspen-
sion period.

[0094] As shown in FIG. 4(A), at the time of switching to
the positive polarity writing period HWP from the suspension
period SP (at the time of switching to the N+2-th frame period
F(N+2) from the N+1-th frame period F(N+1)), the voltage of
the source line SLj of the j-th column, is changed to the
maximum gradation positive polarity voltage V_hmax from
OV. Moreover, the source line SLj+1 of the j+1-th column, is
changed to the minimum gradation negative polarity voltage
V_lmin from OV (not shown). Hence, the potential variation
in the source line SLj of the j-th column and the source line
SLj+1 of the j+1-th column, is transferred to the pixel elec-
trode 112, through the second parasitic capacitance Csa and
the third parasitic capacitance Csb, respectively. In this man-
ner, at the time of switching to the positive polarity writing
period HWP from the suspension period SP, the pixel poten-
tial variation is generated. Hereinafter, the pixel potential
variation which is generated at the time of switching to the
positive polarity writing period HWP from the suspension
period SP, is referred to as “pixel potential variation at the
time of transiting to the positive polarity writing period.”

[0095] In the positive polarity writing period HWP of the
N+2-th frame period F(N+2), the voltage of the source line
SL;j of the j-th column, is repeated between the maximum
gradation positive polarity voltage V_hmax and the minimum
gradation negative polarity voltage V_Imin, per 1 horizontal
period. In addition, the voltage of the source line SLj+1 of the
J+1-th column, is repeated between the maximum gradation
positive polarity voltage V_hmax and the minimum gradation
negative polarity voltage V_Imin, per 1 horizontal period, in
areverse order to the voltage of the source line 81j of the j-th
column. Until the gate line GLi of the i-th row is selected, the
potential variation in the source line SLj of the j-th column
and the source line SLj+1 of the j+1-th column, is transferred
to the pixel electrode 112, through the second parasitic
capacitance Csa and the third parasitic capacitance Csb,
respectively. By the pixel potential variation (referred to as
“pixel electrode variation before the positive polarity writ-
ing,” hereinafter) before the writing of the data voltage is
actually performed into the pixel formation section 110 of the
i-th row and the j-th column in the positive polarity writing
period HWP, and the pixel electrode variation at the time of
transiting to the positive polarity writing period, which are
generated in this manner, an average pixel potential VGhwb
(referred to as “average pixel potential before the positive
polarity writing,” hereinafter) before the writing of the data
voltage is actually performed into the pixel formation section
110 of the i-th row and the j-th column in the positive polarity
writing period HWP, is determined. As shown in FIG. 4(B),
the average pixel potential VGhwb before the positive polar-
ity writing, becomes higher than the pixel potential VGls of
the negative polarity suspension period. Therefore, the poten-
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tial difference between the average pixel potential VGhwb
before the positive polarity writing and the common potential
Vcom, becomes larger than the potential difference between
the pixel potential VGIs of the negative polarity suspension
period and the common potential Vcom. Hereby, as shown in
FIG. 4(C), at the time of switching to the N+2-th frame period
F(N+2) from the N+1-th frame period F(N+1), the sharp
change in luminance (luminance decrease) is generated. As a
result, the flicker is generated.

[0096] Moreover, by the operation described above in the
positive polarity writing period HWP, the potential difference
between the average pixel potential VGhwa after the positive
polarity writing and the common potential Vcom, becomes
relatively larger than the potential difference between the
average pixel potential VGhwb before the positive polarity
writing and the common potential Vcom. Therefore, not only
the luminance change at the time of switching to the N+2-th
frame period F(N+2) from the N+1-th frame period F(N+1),
but also the luminance change (luminance increase) before
and after the writing in the positive polarity writing period
HWP, become relatively large. Hereby, the degrees of flicker
further worsen.

[0097] FIG. 5is a diagram illustrating a simulation result of
the display luminance shown in FIG. 4(C). In FIG. 5, a lateral
axis 1s a time t [ms], and a longitudinal axis is a display
luminance L [cd/m?]. As shown in FIG. 5, it is found out that
the particularly large flicker is generated at the time of switch-
ing of the frame period. The flicker becomes a factor in a
lowering of display quality.

[0098] As described above, in the related art example, it is
found out that the pixel potential greatly varies at the time of
switching of the frame period, and thereby, the large flicker is
generated. The reason thereof'is considered as follows. If the
pixel potential greatly varies at the time of switching to the
suspension period from each writing period, the difference
between the pixel potential in the suspension period and the
average pixel potential (average value of the pixel potential
which varies depending on an influence of the parasitic
capacitance) before the writing in the next writing period,
becomes large. Therefore, the pixel potential greatly varies at
the time of switching the frame period, and the difference
between the display luminance in the suspension period and
the display luminance in the writing period of the next frame
period, becomes large. Hereby, the large flicker is generated,
at the time of switching to the writing period from the sus-
pension period (at the time of switching of the frame period).
Accordingly, in the present embodiment, in order to suppress
the pixel potential variation at the time of switching the sus-
pension period from each writing period, the voltage (data
voltage) of each source line in the suspension period SP, is set
to the voltage V_m for suspension period.

[0099] Inthe related art example, as shown in FIG. 4(C), in
the positive polarity writing period HWP and the negative
polarity writing period LWP, the luminance difference ther-
ebetween is mutually generated. The reason thereof is con-
sidered as follows. In the related art example, the data voltage
in the suspension period SP, becomes OV which is a voltage
out of a gradation voltage range. Therefore, the difference
between the data voltage in the positive polarity writing
period HWP and the data voltage in the suspension period SP,
becomes a dimension which is drastically different from the
difference between the data voltage in the negative polarity
writing period LWP and the data voltage in the suspension
period SP. Hereby, the dimensions in the pixel potential varia-
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tion at the time of switching to the positive polarity writing
period HWP from the suspension period SP, and at the time of
switching to the negative polarity writing period LWP from
the suspension period SP, are different to each other. Accord-
ingly, in the positive polarity writing period HWP and the
negative polarity writing period LWP, the luminance differ-
ence therebetween is mutually generated. The setting of the
voltage V_m for suspension period is a setting to suppress the
luminance difference.

1. 3 Operations

[0100] FIG. 6 is a diagram for describing the display lumi-
nance which is obtained by the liquid crystal display device
10 according to the present embodiment. In more detail, FIG.
6(A) 1s a waveform diagram illustrating the voltage (data
voltage) of the source line SLj, FIG. 6(B) is a waveform
diagram illustrating the pixel potential in the pixel formation
section 110 of the i-th row and the j-th column corresponding
to the source line SLj, and FIG. 6(C) is a waveform diagram
illustrating the display luminance in the pixel formation sec-
tion 110 of the i-th row and the j-th column. In FIG. 6(A) to
FIG. 6(C), it is assumed that the flicker patterns which are
shown in FIG. 3(A) to FIG. 3(C), are displayed, in the same
manner as FIG. 4(A) to FIG. 4(C). The display luminance
which is shown in FIG. 6(C), is changed depending on the
potential difference between the pixel potential shown in FIG.
6(B) and the common potential Vcom. Furthermore, the value
of the common potential Vcom shown in FIG. 6(B), is a
simple illustration, and is not limited to the value. In addition,
the description of portions (particularly, the operations in
each writing period) which are common to the operations of
the liquid crystal display device of the related art, will be
appropriately omitted. As described above, the length of each
frame period is 200 ms, the length of the writing period is 16.7
ms, and the length of the suspension period is 183.3 ms. That
is, the refresh rate is 5 Hz. Furthermore, if the suspension
period SP has the length of each writing period or more, it is
favorable, and the length of each period and the refresh rate
are not limited to the examples shown here.

[0101] The operations in the positive polarity writing
period HWP of the N-th frame period F(N), are as described
above, and the average pixel potential VGhwa after the posi-
tive polarity writing, is given by the above equation (4).
[0102] In the present embodiment, the voltage of each
source line in the suspension period SP, becomes the voltage
V_m for suspension period. Hence, as shown in FIG. 6(A), at
the time of switching to the suspension period SP from the
positive polarity writing period HWP, the voltages of the
source line SLj of the j-th column and the source line SLj+1
of the j+1-th column, are changed to the voltage V_m for
suspension period, respectively. Here, the value of the voltage
V_m for suspension period is a value within the range where
the maximum gradation positive polarity voltage V_hmax is
an upper limit, and the maximum gradation negative polarity
voltage V_Imax is a lower limit. Preferably, the voltage V_m
for suspension period may be a subsequent value of any one
of a first voltage for suspension period to a fourth voltage for
suspension period.

[0103] The first voltage for suspension period, is given by
the following equation (9).

V_m=(V_hmax+V_imax+V_hmin+V_Jmin)/'4 9

[0104] The second voltage for suspension period, is given
by the following equation (10).

V_m=(V_hmax+V__Imax)/2 (10)
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[0105] The third voltage for suspension period, is given by
the following equation (11).

V_m=(V_hmin+V_/min)/2 (11)

[0106] The fourth voltage for suspension period, is a value
within the range where the minimum gradation positive
polarity voltage V_hmin is the upper limit, and the minimum
gradation negative polarity voltage V_Imin is the lower limit.

[0107] By setting the voltage of each source line in the
suspension period SP to the voltage V_m for suspension
period, in comparison with the related art example in which
the voltage of each source line in the suspension period SP is
set to OV, the potential variation in each of the source line SL;j
of the j-th column and the source line SLj+1 of the j+1-th
column at the time of switching to the suspension period SP
from the positive polarity writing period HWP, becomes
small. Therefore, in the present embodiment, the pixel poten-
tial variation AV _hs at the time of switching to the suspension
period SP from the positive polarity writing period HWP,
becomes small in comparison with the related art example.
Specifically, the pixel potential variation AV_hs at the time of
switching to the suspension period SP from the positive polar-
ity writing period HWP in the present embodiment, is given
by the following equation (12).

AV_hs=[(Csa/ZC)[(V_hmax+V_Imin)/2-V_m]+
(Csb/ZO)[(V_hmax+V_Imin)/2-V_m]]2 (12)

Hereby, the pixel potential VGhs of the positive polarity sus-
pension period in the present embodiment, becomes a value
which is close to the average pixel potential VGhwa after the
positive polarity writing, in comparison with the related art
example.

[0108] As shown in FIG. 6(A), at the time of switching to
the negative polarity writing period LWP from the suspension
period SP (at the time of switching to the N+1-th frame period
F(N+1) from the N-th frame period F(N)), the voltage of the
source line SLj of the j-th column, is changed to the maximum
gradation negative polarity voltage V_Imax from the voltage
V_m for suspension period. Moreover, the source line STj+1
of the +1-th column, is changed to the minimum gradation
positive polarity voltage V_hmin from the voltage V_m for
suspension period (not shown). Therefore, in comparison
with the related art example in which the voltage of each
source line in the suspension period SP is set to OV, the
potential variation in each of the source line SI,j of the j-th
column and the source line SLj+1 of the j+1-th column at the
time of switching to the negative polarity writing period LWP
from the suspension period SP, becomes small. Hereby, the
pixel potential variation at the time of transiting to the nega-
tive polarity writing period in the present embodiment,
becomes small in comparison with the related art example.

[0109] The operations in the negative polarity writing
period LWP of the N+1-th frame period F(N+1), are as
described above, and the average pixel potential VGlwb
before the negative polarity writing, is determined by the
pixel potential variation at the time of transiting to the nega-
tive polarity writing period, and the pixel potential variation
before the negative polarity writing. Since the pixel potential
variation at the time of transiting to the negative polarity
writing period in the present embodiment, is as described
above and becomes small in comparison with the related art
example, the average pixel potential VGIwb before the nega-
tive polarity writing in the present embodiment, becomes a
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value which is close to the pixel potential VGhs of the positive
polarity suspension period, in comparison with the related art
example. Therefore, the potential difference between the
average pixel potential VGlwb before the negative polarity
writing in the present embodiment and the common potential
Vcom, and the potential difference between the pixel poten-
tial VGhs of the positive polarity suspension period and the
common potential Veom, become the close dimensions to
each other in comparison with the related art example.
Hereby, as shown in FIG. 6(C), the luminance change at the
time of switching to the N+1-th frame period F(N+1) from the
N-th frame period F(N) in the present embodiment, become
small in comparison with the related art example. As a result,
the flicker is suppressed in comparison with the related art
example. Furthermore, differently from the related art
example, the display luminance at the time of switching to the
N+1-th frame period F(N+1) from the N-th frame period F(N)
in the present embodiment, is changed into a lowering direc-
tion.
[0110] The average pixel potential VGlwa after the nega-
tive polarity writing, is given by the above equation (4) in the
same manner as the related art example. In the present
embodiment, since the pixel potential variation at the time of
transiting to the negative polarity writing period as described
above, becomes small in comparison with the related art
example, the potential difference between the average pixel
potential VGIwb before the negative polarity writing and the
common potential Vecom, and the potential difference
between the average pixel potential VGlwa after the negative
polarity writing and the common potential Vcom, become the
close dimensions to each other in comparison with the related
art example. Therefore, in the present embodiment, not only
the luminance change at the time of switching to the N+1-th
frame period F(N+1) from the N-th frame period F(N), but
also the luminance change before and after the writing in the
negative polarity writing period LWP, become small in com-
parison with the related art example. Hereby, the flicker in the
negative polarity writing period LWP is sufficiently sup-
pressed.
[0111] As shown in FIG. 6(A), at the time of switching to
the suspension period SP from the negative polarity writing
period LWP, each voltage of the source line SLj of the j-th
column and the source line SLj+1 of the j+1-th column, is
changed to the voltage V_m for suspension period. Therefore,
in comparison with the related art example in which the
voltage of each source line in the suspension period SP is set
to OV, the potential variation in each of the source line SLj of
the j-th column and the source line SLj+1 of the j+1-th col-
umn at the time of switching to the suspension period SP from
the negative polarity writing period LWP, becomes small.
Hereby, in the present embodiment, the pixel potential varia-
tion AV_Is at the time of switching to the suspension period
SP from the negative polarity writing period LWP, becomes
small in comparison with the related art example. Specifi-
cally, in the present embodiment, the pixel potential variation
AV _Is at the time of switching to the suspension period SP
from the negative polarity writing period LWP, is given by the
following equation (13).
AV_Is=[(Csa/ZOY[(V_Imax+V_kmin)/2-V_m]+
(Csb/ZO)(V_Imax+V_kmin)/2-V_m]]2 13
Hereby, the pixel potential VGls of the negative polarity sus-
pension period in the present embodiment, becomes a value
which is close to the average pixel potential VGlwa after the
negative polarity writing, in comparison with the related art
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example. Furthermore, when any one of the first voltage for
suspension period to the fourth voltage for suspension period
is used, AV_hs and AV_Is become the different signs to each
other, typically. However, note the case where AV_hs and
AV _Is becomes the same signs to each other by the settings or
the like of the maximum gradation positive polarity voltage
V_hmax, the maximum gradation negative polarity voltage
V_lmax, the minimum gradation positive polarity voltage
V_hmin, and the minimum gradation negative polarity volt-
age V_lmin.

[0112] As shown in FIG. 6(A), at the time of switching to
the positive polarity writing period HWP from the suspension
period SP (at the time of switching to the N+2-th frame period
F(N+2) from the N+1-th frame period F(N+1)), the voltage of
the source line SLj of the j-th column, is changed to the
maximum gradation positive polarity voltage V_hmax from
the voltage V_m for suspension period. Moreover, the source
line SLj+1 of the j+1-th column, is changed to the minimum
gradation negative polarity voltage V_lmin from the voltage
V_m for suspension period (not shown). Therefore, in com-
parison with the related art example in which the voltage of
each source line in the suspension period SP is set to OV, the
potential variation in each of the source line SIj of the j-th
column and the source line SLj+1 of the j+1-th column at the
time of switching to the positive polarity writing period HWP
from the suspension period SP, becomes small. Hereby, the
pixel potential variation at the time of transiting to the positive
polarity writing period in the present embodiment, becomes
small in comparison with the related art example.

[0113] The operations in the positive polarity writing
period HWP of the N+2-th frame period F(N+2), are as
described above, and the average pixel potential VGhwb
before the positive polarity writing, is determined by the pixel
potential variation at the time of transiting to the positive
polarity writing period, and the pixel potential variation
before the positive polarity writing. Since the pixel potential
variation at the time of transiting to the positive polarity
writing period in the present embodiment, is as described
above and becomes small in comparison with the related art
example, the average pixel potential VGhwb before the posi-
tive polarity writing in the present embodiment, becomes a
value which is close to the pixel potential VGls of the negative
polarity suspension period, in comparison with the related art
example. Therefore, the potential difference between the
average pixel potential VGhwb before the positive polarity
writing in the present embodiment and the common potential
Vcom, and the potential difference between the pixel poten-
tial VGls of the negative polarity suspension period and the
common potential Vcom, become the close dimensions to
each other in comparison with the related art example.
Hereby, as shown in FIG. 6{C), the luminance change at the
time of switching to the N+2-th frame period F(N+2) from the
N+1-th frame period F(N+1) in the present embodiment,
become small in comparison with the related art example. As
a result, the flicker is suppressed in comparison with the
related art example. Furthermore, in the present embodiment,
the display luminance at the time of switching to the N+2-th
frame period F(N+2) from the N+1-th frame period F(N+1) in
the present embodiment, and the display luminance at the
time of switching to the N+1-th frame period F(N+1) from the
N-th frame period F(N), are changed into the same direction
(lowering direction) to each other.

[0114] Theaverage pixel potential VGlwa after the positive
polarity writing, is given by the above equation (4) as
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described above. In the present embodiment, since the pixel
potential variation at the time of transiting to the positive
polarity writing period as described above, becomes small in
comparison with the related art example, the potential differ-
ence between the average pixel potential VGhwb before the
positive polarity writing and the common potential Vcom,
and the potential difference between the average pixel poten-
tial VGhwa after the positive polarity writing and the com-
mon potential Vcom, become the close dimensions to each
other in comparison with the related art example. Therefore,
in the present embodiment, not only the luminance change at
the time of switching to the N+2-th frame period F(N+2) from
the N+1-th frame period F(N+1), but also the luminance
change before and after the writing in the positive polarity
writing period HWP, become small in comparison with the
related art example. Hereby, the flicker in the positive polarity
writing period HWP is sufficiently suppressed.

[0115] FIG. 7 is a diagram comparing the display lumi-
nance which is obtained by the liquid crystal display device
according to the related art example, with the display lumi-
nance which is obtained by the liquid crystal display device
10 according to the present embodiment. In more detail, FIG.
7(A) is a diagram illustrating the display luminance which is
obtained by the liquid crystal display device according to the
related art example. FIG. 7(B) is a diagram illustrating the
display luminance which is obtained by the liquid crystal
display device 10 according to the present embodiment. Fur-
thermore, FIG. 7(A) and FIG. 7(B) correspond to FIG. 4(C)
and F1G. 6(C), respectively. As shown in FIG. 7(A) and FIG.
7(B), the flicker of +5 cd/m? approximately, is present in the
related art example. On the other hand, the flicker is sup-
pressed to =1 cd/m? approximately, in the present embodi-
ment.

1. 4 Effects

[0116] According to the present embodiment, in the sus-
pension period SP of the low frequency drive mode, the
voltage V_m for suspension period is applied to each source
line. Therefore, mainly by the presence of the second parasitic
capacitance Csa and the third parasitic capacitance Csb, the
variation in the pixel potential which is generated at the time
of switching to the suspension period SP from each writing
period, is as follows. By setting the voltage of the source line
in the suspension period SP to the voltage V_m for suspension
period, the potential variation in each of the source line SLj of
the j-th column and the source line SLj+1 of the j+1-th col-
umn at the time of switching to the suspension period SP from
the positive polarity writing period HWP, becomes small in
comparison with the related art example. Therefore, the pixel
potential variation AV_hs at the time of switching to the
suspension period SP from the positive polarity writing
period HWP, becomes small in comparison with the related
art example. Hereby, the difference between the display lumi-
nance in the suspension period SP and the display luminance
in the negative polarity writing period LWP of the next frame
period, become small in comparison with the related art
example. Accordingly, the flicker which is generated at the
time of switching to the frame period including the negative
polarity writing period LWP from the frame period including
the positive polarity writing period HWP, is suppressed in
comparison with the related art example. Moreover, by set-
ting the voltage of the source line in the suspension period SP
to the voltage V_m for suspension period, each of the source
line SLj of the j-th column and the source line SLj+1 of the
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j+1-th column at the time of switching to the suspension
period SP from the negative polarity writing period LWP,
becomes small in comparison with the related art example.
Therefore, the pixel potential variation AV _Is at the time of
switching to the suspension period SP from the negative
polarity writing period LWP, becomes small in comparison
with the related art example. Hereby, the difference between
the display luminance in the suspension petiod SP and the
display luminance in the positive polarity writing period
HWP of the next frame period, become small in comparison
with the related art example. Accordingly, the flicker which is
generated at the time of switching to the frame period includ-
ing the positive polarity writing period HWP from the frame
period including the negative polarity writing period LWP, is
also suppressed in comparison with the related art example.
In this manner, the lowering of the display quality can be
suppressed in comparison with the related art example.
[0117] In addition, according to the present embodiment,
the difference between the data voltage in the positive polarity
writing period HWP and the data voltage in the suspension
period SP, and the difference between the data voltage in the
negative polarity writing period LWP and the data voltage in
the suspension period SP, become the close dimensions to
each other in comparison with the related art example. Hence,
the difference between the pixel potential variation at the time
of switching to the positive polarity writing period HWP from
the suspension period SP and the pixel potential variation at
the time of switching to the negative polarity writing period
LWP from the suspension period SP, become small in com-
parison with the related art example, and it is possible to
enhance the suppression effect of the lowering in the display
quality. Furthermore, by adopting the first voltage for suspen-
sion period to the fourth voltage for suspension period, it is
possible to sufficiently enhance the effect. That is, the differ-
ence between the minimum gradation negative polarity volt-
age V_Imin and the data voltage in the suspension period SP,
become almost the same dimension as the difference between
the minimum gradation positive polarity voltage V_hmin and
the data voltage in the suspension period SP, and the differ-
ence between the minimum gradation negative polarity volt-
age V_lmin and the data voltage in the suspension period SP,
become almost the same dimension as the difference between
the minimum gradation positive polarity voltage V_hmin and
the data voltage in the suspension period SP. Hereby, the pixel
potential variation at the time of switching to the positive
polarity writing period HWP from the suspension period SP,
and the pixel potential variation at the time of switching to the
negative polarity writing period LWP from the suspension
period SP, are approximately uniformized. In this manner, it is
possible to enhance the suppression effect of the lowering in
the display quality.

2. Second Embodiment

2. 1 Operation Outline

[0118] The liquid crystal display device 10 according to a
second embodiment of the present invention, is configured to
be switchable between the low frequency drive mode and the
normal drive mode. Furthermore, the basic configuration of
the liquid crystal display device 10 according to the present
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embodiment, is similar to that in the first embodiment, and the
same reference signs are attached to the same components as
the first embodiment among the components of the present
embodiment, and the description thereof will be appropri-
ately omitted. The display control circuit 200 controls the
switching between the low frequency drive mode and the
normal drive mode. In the low frequency drive mode, the
display control circuit 200 repeats the operation in the writing
period and the operation in the suspension period described
above, as a cycle of 1 frame period. On the other hand, in the
normal drive mode, the display control circuit 200 repeats the
operation in the writing period described above, as a cycle of
1 frame period. Furthermore, in the normal drive mode, the
display control circuit 200 may not output the switching
signal SW.

2. 2 Setting of Common Potential in Related Art
Example

[0119] In the related art example, when the low frequency
drive is performed, as described above, since the relatively
large potential variation (AV_hs, AV_Is)is present at the time
of switching to the suspension period SP from the writing
period, the pixel potential in the suspension period SP,
becomes the value which is greatly different from that in the
writing period. On the other hand, when the normal drive is
performed, the potential variation at the time of switching to
the suspension period SP from the writing period, is not
present. Therefore, when the related art example enables to
switch between the low frequency drive mode and the normal
drive mode, the common potential that is suitable for the low
frequency drive mode, and the common potential that is suit-
able for the normal drive mode, become the values which are
different to each other. If the common potential of the same
value is used in the low frequency drive mode and the normal
drive mode, the lowering of the display quality is caused.
Furthermore, the switching of the common potential is con-
trolled by, for example, the display control circuit 200.

[0120] FIG. 8 is a diagram for describing the operation in
the normal drive mode of the liquid crystal display device
according to the related art example. In more detail, FIG. 8(A)
is a waveform diagram illustrating the voltage (data voltage)
of the source line SLj, and FIG. 8(B) is a waveform diagram
illustrating the pixel potential in the pixel formation section
110 of the i-th row and the j-th column corresponding to the
source line SLj. In FIG. 8(B), the common potential (referred
to as “normal common potential,” hereinafter) in the normal
drive mode is represented by “Vcomn,” and the common
potential (treferred to as “low frequency common potential,”
hereinafter) in the low frequency drive mode is represented by
“Veoml.” Furthermore, the low frequency common potential
Vcoml which is shown in FIG. 8(B), is the same value as the
common potential Vcom which is shown in FIG. 4(B).

[0121] As shown in FIG. 8(A) and FIG. 8(B), each frame
period includes the writing periods, and the positive polarity
writing period HWP and the negative polarity writing period
LWP are sequentially repeated per 1 frame period. In the
normal drive mode, since the suspension period SP is not
included in each frame period, the potential variation at the
time of switching to the suspension period SP from the writ-
ing period, is not present. In the normal drive mode described
above, the normal common potential Vcomn is set to, for
example, the following equation (14).
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Veomn = [(V_hmax - AVgd) + (V_Imax— AVgd)] /2 (14)

= (V_hmax+V_Imax)/2 — AVgd

[0122] Incidentally, when the low frequency common
potential Vcoml is set in the low frequency drive mode, in
addition to the pixel potential variation AV_hs at the time of
switching to the suspension period SP from the positive polar-
ity writing period HWP, and the pixel potential variation
AV _ls at the time of switching to the suspension period SP
from the negative polarity writing period LWP, it is preferable
that the length of the suspension period SP (hereinafter, the
sign SP itself may also represent the length of the suspension
period SP)is also considered. This comes from the reason that
the off-leak current slightly flows even when the oxide TFT is
used as TFT 111, and the pixel potential variation is different
depending on the length of the suspension period SP. There-
fore, a difference AVmod between the normal common
potential Vcomn and the low frequency common potential
Vcoml, is given by the following equation (15).
AV mod=(Veomn-Veomlw)(WP/F)+(Veomn—Vcomls)

(SP/F) (15)
Here, Vcomlw, and Vcomls represent the low frequency com-
mon potential in the writing period, and the low frequency
common potential in the suspension period SP, respectively.
WP represents the length of the writing period, and F repre-
sents the length of 1 frame period. Furthermore, in the writing
period of the normal drive mode and the writing period of the
low frequency drive mode, only drive frequencies are differ-
ent to each other, and the field through voltage AVgd becomes
the same value to each other. Therefore, the equation (15) is
rewritten to the following equation (16).

AV mod=(Vcomn-Vcomis)(SP/F) (16)
[0123] “Vcomn-Vcomls” in the equation (16), is given by
the following equation (17).

Veomn—Veomls=(AV_hs+AV_ls)2 (17
Here, since AV_hs is given by the above equation (5), and

AV _Is is given by the above equation (7), the equation (17) is
rewritten to the following equation (18).

Veomn — Veomls = [(Csa | 2EC) (18)
(V_hmax+ V_lmax + V_hmin+ V_IminV_Imin) +
(Csb{22C)(V_hmax+V_Imax+ V_hmin+ V_Imin]/2 =

(V_hmax+ V_Imax + Vhmin+ V_lmin)(Csa + Csb) [4LC

[0124] By the equation (16) and the equation (18), the
difference AVmod between the normal common potential
Veomn and the low frequency common potential Veoml, is
given by the following equation (19).

AVmod=(V_hmax+V Imax+V _hmin+V /min)
(Csa+Csb)(SP/F)/AZC (19)

As shown in the equation (19), since AVmod is not 0, in the
related art example, it is necessary that the normal common
potential Vcomn and the low frequency common potential
Vcoml are set to be the different values to each other. In this
case, the circuit configuration becomes complicated in com-
parison with the case of using single common potential.
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2. 3 Setting of Common Potential in Second
Embodiment

[0125] FIG. 9 is a diagram for describing the operation in
the normal drive mode of the liquid crystal display device 10
according to the present embodiment. In more detail, FIG.
9(A) is a waveform diagram illustrating the voltage (data
voltage) of the source line SLj, and FIG. 9(B) is a waveform
diagram illustrating the pixel potential in the pixel formation
section 110 of the i-th row and the j-th column corresponding
to the source line SLj. As shown in FIG. 9(A) and FIG. 9(B),
each of the waveform showing the voltage of the source line
SLj and the waveform showing the pixel potential in the pixel
formation section 110 of the i-th row and the j-th column
corresponding to the source line SLj in the present embodi-
ment, is the same as those in the related art example. However,
as shown in FIG. 9(B), in the present embodiment, the com-
mon potential Veom which is the same value to each other, is
used in both of the low frequency drive mode and the normal
drive mode. Furthermore, the operation of the low frequency
drive mode in the present embodiment, is the same as that in
the first embodiment.

[0126] In the present embodiment, it is assumed that the
first voltage for suspension period is used as the voltage V_m
for suspension period. Since AV_hs is given by the above
equation (12), and AV _Is is given by the above equation (13),
the above equation (17) is rewritten to the following equation
(20).

Ycomn— 20)
Veomls = [(Csa [220)[(V_hmax+ V_Imax+V_hmin+ V_Imin) —
AV_m] + (Csa [ 22C)[
(V_hmax+ V_Imax+ V_hmin+ V_Imin) —4V_m]/2 =
(V_hmax+ V_Imax+ V_hmin+ V_Imin—4V_m)

(Csa + Csb) J4XC

[0127] As described above, since the voltage V_m suspen-
sion period is the first voltage for suspension period, if'V_m
which is given by the above equation (9), is substituted into
the equation (20), “Vcomn-Vcomls” becomes 0. As a result,
AVmos also becomes 0. That is, it is possible to set the
common potential to the same value (Vcom which is shown in
FIG. 9(B)) in the low frequency drive mode and the normal
drive mode.

2. 4 Effects

[0128] According to the present embodiment, in the liquid
crystal display device 10 which enables to switch between the
low frequency drive mode and the normal drive mode, since
the common potential becomes the same value in the low
frequency drive mode and the normal drive mode, it is not
necessary that the common potential is switched depending
on the switching the drive mode. Therefore, it is possible to
suppress the lowering of the display quality in the simple
configuration.

[0129] Furthermore, the first voltage for suspension period
is used as the voltage V_m for suspension period in the above
description, but the present invention is not limited thereto.
Also in the voltage V_m for suspension period other than the
first voltage for suspension period, AVmod is small in com-
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parison with the related art example (see the equations (16)
and (20)). Hence, even if the common potential is the same
value in the low frequency drive mode and the normal drive
mode, the lowering of the display quality when the common
potential is the same value as in the low frequency drive mode
and the normal drive mode in the related art example, is
suppressed.

3. Third Embodiment

3. 1 Configuration of Source Driver

[0130] FIG. 10 is a block diagram for describing the con-
figuration of the source driver 300 in a third embodiment of
the present invention. The liquid crystal display device 10
according to the present embodiment, is configured so as to
supply a voltage signal VM for suspension period indicating
the voltage V_m for suspension period, to the source driver
300 from the display control circuit 200. Furthermore, since
other configurations are similar to those in the first embodi-
ment, the description thereof will be omitted. The present
embodiment may use in combination with any one of the first
embodiment and the second embodiment.

[0131] The display control circuit 200 outputs the digital
video signal DV, the source start pulse SSP, the source clock
SCK, the latch strobe signal LS, the polarity signal POL, the
switching signal SW, the gate start pulse GSP, the gate clock
GCK, and the voltage signal VM for suspension period, to the
source driver 300. The reference voltage generation circuit
600 outputs the plurality of reference signals VR to the source
driver 300.

[0132] The source driver 300 includes a first input terminal
IT1 to an eighth input terminal IT8, a first output terminal
OT1 to a m-th output terminal OTn, a shift register 310, a
sampling circuit 320, a latch circuit 330, a gradation voltage
generation circuit 340, a D/A conversion circuit 350, a volt-
age switching circuit 360, and an output circuit 370. In the
present embodiment, the first terminal is realized by the sev-
enthinput terminal IT7, and the second terminal is realized by
the sixth input terminal IT6.

[0133] The first input terminal IT1 is a terminal for receiv-
ing the source start pulse SSP. The second input terminal [T2
is a terminal for receiving the source clock SCK. The third
input terminal IT3 is a terminal for receiving the digital video
signal DV. The fourth input terminal I1T4 is a terminal for
receiving the latch strobe signal LS. The fifth input terminal
IT5 is a terminal for receiving the polarity signal POL. The
sixth input terminal I'T6 is a terminal for receiving the switch-
ing signal SW. The seventh input terminal is a terminal for
receiving the voltage signal VM for suspension period. The
eighth input terminal IT8 is a terminal for receiving the ref-
erence voltage signal VR. Furthermore, when the digital
video signal DV is transmitted in parallel, the plurality of
third input terminals IT3 are arranged. Moreover, the eighth
input terminals ['T8 are actually arranged by the same number
as the number of the reference voltage signals VR, but for
convenience, one of the eighth input terminal I'T8 is shown in
the drawing. The first output terminal OT1 to the m-th output
terminal OTn, are terminals for outputting the data voltage to
the source lines SI.1 to SLn, respectively.

[0134] The shift register 310 synchronizes with the source
start pulse SSP that is output from the display control circuit
200, and sequentially outputs a predetermined sampling
pulse by sequentially transferring the source start pulse SSP
which is output from the display control circuit 200.
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[0135] The sampling circuit 320 sequentially stores the
gradation value of 1 row shown in the digital video signal DV
which is output from the display control circuit 200, at the
timing of the sampling pulse.

[0136] The latch circuit 330 captures and retains the grada-
tionvalue of 1 row which is stored in the sampling circuit 320,
depending on the latch strobe signal [.S which is output from
the display control circuit 200, and outputs the retained gra-
dation value of 1 row, to the D/A conversion circuit 350 per 1
column (that is, per 1 pixel). Furthermore, a gradation signal
which is output from the latch circuit 330, is actually given to
the D/A conversion circuit 350 after being boosted by a pre-
determined level shifter, but here, the description thereof is
omitted for convenience.

[0137] Based on the plurality of reference voltages VR
which are output from the reference voltage generation circuit
600, and the polarity signal POL which is output from the
display control circuit 200, the gradation voltage generation
circuit 340 generates the plurality of gradation voltages
depending on the polarity, and outputs the plurality of grada-
tionvoltages, to the D/ A conversion circuit 350. Furthermore,
when the dot reversal drive or the like is performed, the
polarity signal POL shows the different polarity per 1 column.

[0138] The D/A conversion circuit 350 selects the grada-
tion voltage among the plurality of gradation voltages which
are output from the gradation voltage generation circuit 340,
depending on the gradation value per 1 column, and outputs
the selected gradation voltage, to the voltage switching circuit
360.

[0139] Based on the switching signal SW which is output
from the display control circuit 200, the voltage switching
circuit 360 switches the voltage to be output, to the output
circuit 370. Specifically, in the writing signal, the voltage
switching circuit 360 outputs the gradation voltage (data volt-
age) per 1 column which is output from the D/A conversion
circuit 350, to the output circuit 370. Moreover, in the sus-
pension period, the voltage switching circuit 360 outputs the
voltage V_m (data voltage) for suspension period shown in
the voltage signal VM for suspension period which is output
from the display control circuit 200, per 1 column, to the
output circuit 370. In this manner, on the basis of the switch-
ing signal SW, when the polarity of the data signal is the
positive polarity or the negative polarity, the voltage switch-
ing circuit 360 is configured so as to set any one of the
plurality of positive polarity gradation voltages, or any one of
the plurality of negative polarity gradation voltages, to a data
voltage, in the writing period, and the voltage switching cir-
cuit 360 is configured so as to set the voltage V_m for sus-
pension period which is shown in the voltage signal VM for
suspension period, to a data voltage, in the suspension period.
Furthermore, it is not necessary that the voltage itself of the
voltage signal VM for suspension period, is the voltage V_m
for suspension period, and if the voltage V_m for suspension
period may be obtained by carrying out to a predetermined
conversion processing of the voltage switching circuit 360
with respect to the voltage signal VM for suspension period,
it is favorable.

[0140] The output circuit 370 applies the gradation voltage
per 1 column which is output from the voltage switching
circuit 360, or the voltage V_m for suspension period, to each
of the corresponding source lines SL1 to SLn. The output
circuit 370 is configured by, for example, n voltage follower
circuits.
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[0141] The configuration of the source driver 300 which is
shown here, is only one example. The source driver 300
includes at least the sixth terminal 1T6, and the seventh input
terminal I'T7, and enables to switch the data voltage to be
applied to each source line in the writing period and the
suspension period, on the basis of the switching signal SW
which is received through the sixth input terminal IT6. More-
ovet, if the voltage V_m for suspension period shown in the
voltage signal VM for suspension period which is received
from the seventh terminal IT7 in the suspension period,
become applicable to each source line, it may be in any other
configurations.

3. 2 Effects

[0142] According to the present embodiment, using the
source driver 300 including the sixth terminal IT6, the sev-
enth terminal IT7, and the voltage switching circuit 360, it is
possible to have the same effects as the first embodiment or
the second embodiment.

4. Others

[0143] In each embodiment described above, the case of
adopting the normally black mode, is described, but a nor-
mally white mode may be adopted. In this case, in the descrip-
tion described above, by replacing the maximum gradation
positive polarity voltage V_hmax with the minimum grada-
tion positive polarity voltage V_hmin, and replacing the
maximum gradation negative polarity voltage V_lmax with
the minimum gradation negative polarity voltage V_Imin, a
similar argument is materialized. Moreover, each of the above
embodiments is described exemplifying an example in which
the flicker pattern is displayed, but the effects described above
are obtained even when other displays are performed. In
addition, each of the above embodiments can be carried out in
various modifications within a range without departing from
the gist of the present invention.

REFERENCE SIGNS LIST

[0144] 10 liquid crystal display device

[0145] 100 liquid crystal display section

[0146] 110 pixel formation section

[0147] 111 TFT (thin film transistor)

[0148] 112 pixel electrode

[0149] 113 common electrode

[0150] 200 display control circuit

[0151] 300 source driver (data line drive circuit)
[0152] 360 voltage switching circuit

[0153] 400 gate driver (scan line drive circuit)
[0154] 500 common potential supply circuit
[0155] 600 reference voltage generation circuit
[0156] SL;j (j=1 to n) source line (data line)
[0157] GLi (i=] to m) gate line (scan line)
[0158] Clc liquid crystal capacitance

[0159] Cst subsidiary capacitance

[0160] Cgd first parasitic capacitance

[0161] Csa second parasitic capacitance

[0162] Csb third parasitic capacitance

[0163] IT1 to IT8 first to eighth input terminals
[0164] OT1 to OTn first to N-th output terminals
[0165] POL polarity signal

[0166] SW switching signal

[0167] V_hmax maximum gradation positive polarity

voltage
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[0168] V_hmin minimum gradation positive polarity
voltage

[0169] V_lmax maximum gradation negative polarity
voltage

[0170] V_lmin minimum gradation negative polarity
voltage

[0171] V_m voltage for suspension period

[0172] VM voltage signal for suspension period

[0173] F frame period

[0174] HWP positive polarity writing period

[0175] LWP negative polarity writing period

[0176] SP suspension period

1. A liquid crystal display device which enables to drive a
liquid crystal display section in a first drive mode in which a
writing period where a plurality of scan lines are sequentially
selected, and a suspension period having a length of the
writing period or more where all of the plurality of scan lines
are in a non-selection state, alternately appear in a cycle of a
first drive frame period which includes the writing period and
the suspension period, the device comprising:

the liquid crystal display section including a plurality of
data lines, the plurality of scan lines, a plurality of pixel
electrodes that are positioned in a matrix shape to cor-
respond to the plurality of data lines and the plurality of
scan lines, and a common electrode that is arranged to
correspond to the plurality of pixel electrodes;

a data line drive circuit that gives a data signal to the
plurality of pixel electrodes through the plurality of data
lines, and reverses polarity of the data signal for the each
writing period; and

a scan line drive circuit that drives the plurality of scan
lines,

wherein in the writing period, the data line drive circuit sets
any one of a plurality of positive polarity gradation volt-
ages, or any one of a plurality of negative polarity gra-
dation voltages, as a voltage of the data signal, and

in the suspension period, the data line drive circuit sets the
voltage of the data signal, to an average value of the
gradation voltage corresponding to a maximum grada-
tion among the plurality of positive polarity gradation
voltages, the gradation voltage corresponding to a maxi-
mum gradation among the plurality of negative polarity
gradation voltages, the gradation voltage corresponding
to a minimum gradation among the plurality of positive
polarity gradation voltages, and the gradation voltage
corresponding to a minimum gradation among the plu-
rality of negative polarity gradation voltages.

2-6. (canceled)

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

further comprising:

a display control circuit that controls the data line drive
circuit and the scan line drive circuit, and switches
between the first drive mode and a second drive mode
having a cycle of a second drive frame period which
includes the writing period.

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

further comprising:

a common potential supply circuit that gives a common
potential to the common electrode,

wherein the common potential supply circuit sets the com-
mon potential to a value that is the same as the values in
the first drive mode and the second drive mode.

16
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9. The liquid crystal display device according to claim 1,

wherein the data line drive circuit includes a first terminal
to receive a voltage signal for suspension period corre-
sponding to the voltage of the data signal in the suspen-
sion period, and a second terminal to receive a switching
signal indicating the switching between the writing
period and the suspension period.

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

wherein the display control circuit gives the voltage signal
forsuspension period and the switching signal to the first
terminal and the second terminal, respectively.

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

wherein the liquid crystal display section further includes a
thin film transistor that includes a channel layer formed
by an oxide semiconductor and that is connected to the
pixel electrode and the data line corresponding to the
pixel electrode.

12. A data line drive circuit which includes a liquid crystal
display section including a plurality of data lines, the plurality
of'scan lines, a plurality of pixel electrodes that are positioned
in a matrix shape to correspond to the plurality of data lines
and the plurality of scan lines, and a common electrode that is
arranged to correspond to the plurality of pixel electrodes, is
used in aliquid crystal display device that enables to drive the
liquid crystal display section in a first drive mode in which a
writing period where the plurality of scan lines are sequen-
tially selected, and a suspension period having a length of the
scan period or more where all of the plurality of scan lines are
in a non-selection state, alternately appear ina cycle of a first
drive frame period which includes the scan period and the
suspension period, gives a data signal to the plurality of pixel
electrodes through the plurality of data lines, and reverses
polarity of the data signal for the each writing period, the
circuit comprising:

a first terminal to receive a voltage signal for suspension
period corresponding to a voltage of the data signal in
the suspension period,;

a second terminal to receive a switching signal indicating
the switching between the writing period and the sus-
pension period; and

avoltage switching circuit that sets any one ofa plurality of
positive polarity gradation voltages, or any one of a
plurality of negative polarity gradation voltages as the
voltage of the data signal, in the writing period, and sets
the voltage which is shown in the voltage signal for
suspension period as the voltage of the data signal, in the
suspension period, based on the switching signal,

wherein the voltage which is shown in the voltage signal
for suspension period, is an average value of the grada-
tion voltage corresponding to a maximum gradation
among the plurality of positive polarity gradation volt-
ages, the gradation voltage corresponding to a maximum
gradation among the plurality of negative polarity gra-
dation voltages, the gradation voltage corresponding to a
minimum gradation among the plurality of positive
polarity gradation voltages, and the gradation voltage
corresponding to a minimum gradation among the plu-
rality of negative polarity gradation voltages.

13. A drive method for a liquid crystal display device which
includes a liquid crystal display section including a plurality
of data lines, a plurality of scan lines, a plurality of pixel
electrodes that are positioned in a matrix shape to correspond
to the plurality of data lines and the plurality of scan lines, and
a common electrode that is arranged to correspond to the
plurality of pixel electrodes, and enables to drive the liquid
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crystal display section in a first drive mode in which a writing voltage corresponding to a maximum gradation
period where the plurality of scan lines are sequentially among the plurality of positive polarity gradation
selected, and a suspension period having a length of the scan voltages, the gradation voltage corresponding to a
period or more where all of the plurality of scan lines are in a maximum gradation among the plurality of negative
non-selection state, alternately appear in a cycle of a first polarity gradation voltages, the gradation voltage cor-
drive frame period which includes the scan period and the responding to a minimum gradation among the plu-
suspension period, the drive method comprising: rality of positive polarity gradation voltages, and the
a data line drive step of giving a data signal to the plurality gradation voltage corresponding to a minimum gra-
of pixel electrodes through the plurality of data lines, dation among the plurality of negative polarity grada-
and reversing polarity of the data signal for the each tion voltages.
writing period, 14. The liquid crystal display device according to claim 1,
wherein the data line drive step includes comprising:

a step of setting in the writing period, any one of a a common potential supply circuit that gives a common

plurality of positive polarity gradation voltages, or potential to the common electrode,

any one of a plurality of negative polarity gradation wherein the common potential sppply circuit sets the com-
voltages, as a voltage of the data signal, and mon potential to a value that is the same as the values in
) 2

a step of setting in the suspension period, the voltage of the writing period and the suspension period.
the data signal, to an average value of the gradation X % % %k
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