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FIG. 5
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DISPLAY DEVICE AND DRIVE METHOD
THEREOF

TECHNICAL FIELD

[0001] The present invention relates to an active matrix-
type display device, and a drive method thereof.

BACKGROUND ART

[0002] Inrecent years, electronic equipment mounted with
a liquid crystal display device for displaying an image and
characters is under active development. As for a liquid crystal
panel of the liquid crystal display device, there has often been
adopted a longitudinal electric field system where two sub-
strates and a liquid crystal layer held between these substrates
areincluded and a pixel electrode and a common electrode are
provided on the substrates, respectively. As such a longitudi-
nal electric field system, there exist a TN (Twisted Nematic)
system, a VA (Vertical Alignment) system and the like, but the
longitudinal electric field system has a problem of a narrow
viewing angle.

[0003] In order to solve such a problem, a lateral electric
field system has been developed as a drive system for making
an electric field in a direction along the substrate act on the
liquid crystal layer to control an orientation of liquid crystal
molecules. Generally, in aliquid crystal panel, when the same
DC voltage continues to be applied to the liquid crystal layer,
namely when the same image continues to be displayed, an
afterimage phenomenon named “burning” occurs. It is known
that this burning significantly occurs especially in a liquid
crystal panel of the lateral electric field system. This is
because an electrode structure provided in a pixel formation
portion of the lateral electric field system is vertically asvm-
metrical and hence a vertical residual DC voltage is apt to be
generated as compared to a pixel formation portion of the
longitudinal electric field system whose electrode structure is
symmetrical. As the lateral electric field system, there exist an
IPS (In-Plane Switching) system, an FFS (Fringe Field
Switching) system, and the like. In an electrode structure of
the FFS system among these, a height from the surface of the
substrate to the pixel electrode differs from a height from the
same to the common electrode, and hence this electrode struc-
ture is more complex than an electrode structure of the IPS
system. For this reason, in a liquid crystal panel of the FFS
system, a residual DC voltage is more apt to be generated and
burning is more apt to occur.

[0004] When a common voltage to be applied to the com-
mon electrode is made constant and a source output voltage
(hereinafter referred to as “flicker regulation voltage™), which
is regulated so as to minimize flicker at each tone level, is
applied to a source bus line of the liquid crystal panel and
written into the pixel formation portion, flicker of an image
that is displayed on a display portion is minimized. This is
because, when the flicker regulation voltage is applied, alight
transmittance becomes equal between the case of a positive
voltage polarity and the case of a negative voltage polarity,
and hence a luminance ofthe image that is displayed becomes
equal therebetween.

[0005] However, when such a flicker regulation voltage is
applied and the liquid crystal panel of the lateral electric field
system or the longitudinal electric field system is driven for a
long period of time, not only flicker becomes conspicuous,
but also burning comes to occur, which is problematic. As
thus described, a phenomenon, in which flicker becomes
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conspicuous again and burning occurs when the liquid crystal
panel is driven for a long period of time by applying the flicker
regulation voltage, is referred to as a “VCOM shift” in the
present specification.

[0006] While a detail of a mechanism in which such a
VCOM shift occurs is unknown, the inventors of the present
invention have an idea as follows. Since a thin film transistor
(hereinafter referred to as “TFT”) provided at each pixel as a
switching element has insufficient characteristics, even when
absolute values of positive polarity and negative polarity volt-
ages, taking as a reference a potential of an image signal
outputted from a source driver, namely a potential of the
common electrode, are made equal, transmittances of a liquid
crystal layer with respect to those voltages do not become
symmetrical. That is, even when the positive polarity and
negative polarity voltages which have the same absolute value
are applied to the pixel electrode, a luminance difference
occurs in an image that is to be displayed.

[0007] FIG. 12 is aschematic view showing a state in which
an orientation of liquid crystal molecules 10 changes when a
voltage is applied to the liquid crystal layer held between the
two substrates in the liquid crystal panel of the lateral electric
field system. A reason for occurrence of flicker will be
described with reference to FIG. 12. It is assumed that when
no voltage is applied to the liquid crystal layer, the liquid
crystal molecules 10 are oriented in a specific direction (Y-di-
rection) within a plane parallel to the substrate. When a volt-
age is then applied between two electrodes so as to generate
an electric field in a direction (X-direction) that goes straight
with the Y-direction within the same plane, the liquid crystal
molecules 10 are rotated so as to form a predetermined angle
with respect to the X-direction within the plane parallel to the
substrate. For example, in a case where a positive polarity
voltage is applied to the liquid crystal molecules 10, the liquid
crystal molecules 10 are rotated at a larger angle than that in
a case where a negative polarity voltage is applied. As thus
described, when the rotational angle of the liquid crystal
molecules 10 is different between the case of the positive
applied voltage and the case of the negative polarity voltage,
a transmittance of light that is transmitted through the liquid
crystal panel is different between the two cases.

[0008] Thus, when the positive polarity and negative polar-
ity voltages are applied, absolute values of the positive polar-
ity and negative polarity voltages are regulated such that
inclinations of the liquid crystal molecules 10 become equal.
That is, a common voltage is made constant, and absolute
values of the positive polarity and negative polarity voltages,
which are to be applied to the liquid crystal layer, in the same
states are shifted to either polarity, thereby making the trans-
mittances of the liquid crystal layer symmetrical. When the
inclinations of the liquid crystal molecules 10 are made the
same by performing such regulation, the light transmittances
become equal and flicker becomes inconspicuous. The posi-
tive polarity and negative polarity voltages at this time are
flicker regulation voltages.

[0009] Although this eliminates the difference in lumi-
nance, when the positive polarity and negative polarity volt-
ages having unequal absolute values are alternately applied to
the liquid crystal panel and it is driven for a long period of
time, electric charge is accumulated into an interlayer dielec-
tric film, a polyimide film and the like which are formed on
the substrate. This accumulated electric charge leads to
imbalance of the positive polarity and negative polarity volt-
ages that are to be applied to the liquid crystal panel, and the
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difference therebetween further increases. This is considered
to be a reason for occurrence of the VCOM shift. The accu-
mulation of the electric charge as thus described is apt to
occur in the case of displaying a high-tone image where an
applied voltage is large.

[0010] Further, burning caused by the VCOM shift is con-
sidered to occur for the same reason as the above reason, and
the burning is apt to occur more significantly that in the liquid
crystal panel of the lateral electric field system than in the
liquid crystal panel of the longitudinal electric field system,
and is apt to occur especially in the liquid crystal panel of the
FES system.

[0011] Related to the present invention, Japanese Patent
Application Laid-Open No. 2008-216859 discloses a con-
figuration in a liquid crystal display device of the FFS system
where burning is prevented by shifting a voltage that is given
to at least one of a pixel electrode and a common electrode
such that a difference in potential between the electrodes
when the one electrode has a high potential as compared to the
other electrode is larger than a difference in potential between
the electrodes when the one electrode has a low potential.

RELATED ART DOCUMENT

Patent Document

[0012] Patent Document 1 [Patent Document 1] Japanese
Patent Application Laid-Open No. 2008-216859

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0013] A drive method ofa liquid crystal panel described in
Japanese Patent Application Laid-Open No. 2008-216859 is
a method for driving a liquid crystal panel by applying a
flicker regulation voltage, and can suppress occurrence of
flicker. However, preventing occurrence of the VCOM shift,
which occurs when the flicker regulation voltage is applied
and the liquid crystal panel is driven for a long period of time,
is not disclosed. For this reason, with the configuration dis-
closed in Japanese Patent Application Laid-Open No. 2008-
216859, it is not possible to prevent burning caused by the
VCOM shift which occurs when the liquid crystal panel is
driven for a long period of time.

[0014] Accordingly, an object of the present invention is to
provide a liquid crystal display device capable of preventing
burning by suppressing occurrence of a VCOM shift which
occurs when a liquid crystal panel is driven for a long period
of time, and a drive method thereof.

Means for Solving the Problems

[0015] A first aspect of the present invention is directed to
an active matrix-type display device which s subjected to AC
drive, the device including:

[0016] a plurality of scanning signal lines and a plurality of
data signal lines that intersect with the plurality of scanning
signal lines;

[0017] a plurality of pixel formation portions arranged in a
matrix form, respectively corresponding to intersections of
the plurality of scanning signal lines and the plurality of data
signal lines;

[0018] a scanning signal line drive circuit configured
sequentially to activate the plurality of scanning signal lines;
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[0019] adate signal line drive circuit configured to apply a
flicker regulation voltage, which has been regulated so as to
display an image with the minimum flicker, to the plurality of
data signal lines in order to write the flicker regulation voltage
into the pixel formation portion connected to a selected scan-
ning signal line; and

[0020] a display control circuit configured to give a prede-
termined control signal to the scanning signal line drive cir-
cuit and the date signal line drive circuit, to perform control,
[0021] wherein one of the date signal line drive circuit and
the display control circuit adds a plus shift amount to the
flicker regulation voltage with a tone level in a predetermined
range which at least includes the highest tone level.

[0022] According to a second aspect of the present inven-
tion, in the first aspect of the invention, the shift amount
monotonously increases with increase in a tone level.

[0023] According to a third aspect of the present invention,
in the second aspect of the invention, a rate of increase in shift
amount with respect to the tone level rises with increase in the
tone level.

[0024] According to a fourth aspect of the present inven-
tion, in the first aspect of the invention, the shift amount is a
plus value at every tone level.

[0025] According to a fifth aspect of the present invention,
in the first aspect of the invention, the shift amount is a plus
value at a higher tone level than the predetermined tone level.
[0026] According to asixth aspect of the present invention,
in the first aspect of the invention,

[0027] the shift amount varies in accordance with a refresh
frequency of an image signal given from the outside, and
[0028] the lower the refresh frequency, the larger the value
of the shift amount.

[0029] According to a seventh aspect of the present inven-
tion, in the first aspect of the invention, the display control
circuit stores correction data configured to correct a voltage to
be written into the pixel formation portion as table informa-
tion associated with a display tone corresponding to an image
signal given from the outside.

[0030] According to an eighth aspect of the present inven-
tion, in the first aspect of the invention,

[0031] the pixel formation portion includes:

[0032] athin film transistor which comes into a conducting
state or a blocking state in accordance with a scanning signal
that is applied to the scanning signal line;

[0033] a pixel electrode which is connected to the data
signal line via the thin film transistor;

[0034] a pixel capacitance which is formed of the pixel
electrode and a common electrode provided so as to face the
pixel electrode; and

[0035] aliquid crystal layer which displays a pixel with a
tone in accordance with a voltage that is held in the pixel
capacitance,

[0036] wherein a semiconductor layer of the thin film tran-
sistor is made up of indium oxide, gallium and zinc.

[0037] According to a ninth aspect of the present invention,
in the eighth aspect of the invention, the pixel formation
portion includes the pixel electrode and the common elec-
trode so as to apply an electric field in a lateral electric field
system to the liquid crystal layer.

[0038] According to a tenth aspect of the present invention,
in the second aspect of the invention, the pixel formation
portion includes the pixel electrode and the common elec-
trode so as to apply an electric field in a longitudinal electric
field system to the liquid crystal layer.
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[0039] An eleventh aspect of the present invention is
directed to electronic equipment, the electronic equipment
includes the display device according to the first aspect of the
present invention.

[0040] A twelfth aspect of the present invention is directed
to a drive method of a liquid crystal display device, the
method including:

[0041] aplurality of scanning signal lines and a plurality of
data signal lines that intersect with the plurality of scanning
signal lines, and

[0042] a plurality of pixel formation portions arranged in a
matrix form, respectively corresponding to intersections of
the plurality of scanning signal lines and the plurality of data
signal lines,

[0043] the device being an active matrix-type display
device which is subjected to an AC drive,

[0044] the method comprising the steps of:

[0045] sequentially selecting the plurality of scanning sig-
nal lines;

[0046] applying a flicker regulation voltage, which has

been regulated so as to form an image with the minimum
flicker, to the plurality of data signal lines in order to write the
flicker regulation voltage into the pixel formation portion
connected to a selected scanning signal line; and

[0047] giving a predetermined control signal to perform
control in the step of selecting the scanning signal line and the
step of applying the flicker regulation voltage to the plurality
of data signal lines,

[0048] wherein in the step of applying the flicker regulation
voltage to the plurality of data signal lines, a plus shift amount
1s added to the flicker regulation voltage with a tone level in a
predetermined range which at least includes the highest tone
level.

Effects of the Invention

[0049] According to the first aspect of the present inven-
tion, a voltage obtained by adding a plus shift amount to the
flicker regulation voltage with a tone level in a predetermined
range, which at least includes the highest tone level, is applied
to the data signal line and written into the pixel formation
portion. Hence the VCOM shift hardly occurs even when the
display device is driven for a long period of time, thereby
allowing prevention of burning.

[0050] According to the second aspect of the present inven-
tion, since the shift amount increases with increase in tone
level, it is possible to increase the shift amount at the highest
tone level and in the vicinity thereof. Hence it is possible to
prevent burning caused by the VCOM shift, which occurs
when the display device is driven for a long period of time, in
accordance with the height of the tone level.

[0051] According to the third aspect of the present inven-
tion, since the rate of increase in shift amount rises with
increase in tone level, it is possible to sufficiently increase the
shift amount at the highest tone level and in the vicinity
thereof. Hence it is possible to further prevent burning caused
by the VCOM shift, which occurs when the display device is
driven for a long period of time, at the highest tone level and
in the vicinity thereof.

[0052] According to the fourth aspect of the present inven-
tion, since the shift amount corresponding to every tone level
is a plus value, it is possible to prevent burning caused by the
VCOM shift, which occurs when the display device is driven
for a long period of time, at every tone level.

Nov. 19,2015

[0053] According to the fifth aspect of the present inven-
tion, since the shift amount corresponding to a higher tone
level than the predetermined tone level is a plus value, it is
possible to prevent burning caused by the VCOM shift, which
occurs when the display device is driven for a long period of
time, at the higher tone level than the predetermined tone
level.

[0054] According to the sixth aspect of the present inven-
tion, since the most suitable shift amount can be selected with
respect to each refresh frequency of an image signal, it is
possible to prevent burning caused by the VCOM shift, which
occurs when the display device is driven for a long period of
time, regardless of the refresh frequency.

[0055] According to the seventh aspect of the present
invention, it is possible to store correction data in a simple
form as table information associated with a display tone cor-
responding to an image signal.

[0056] According to the eighth aspect of the present inven-
tion, characteristics of the thin film transistor, whose semi-
conductor layer is made up of indium oxide, gallium and zinc,
are improved. Therefore, when absolute values of the positive
polarity and negative polarity voltages, which are held in the
pixel capacitance, are made equal, transmittances of the lig-
uid crystal layer can be made symmetrical. Hence it is pos-
sible to prevent burning caused by the VCOM shift which
occurs when the display device is driven for a long period of
time.

[0057] According to the ninth aspect of the present inven-
tion, in the display device of the lateral electric field system,
it is possible to prevent burning caused by the VCOM shift
which occurs when the display device is driven for a long
period of time.

[0058] According to the tenth aspect of the present inven-
tion, in the display device of the longitudinal electric field
system, it is possible to prevent burning caused by the VCOM
shift which occurs when the display device is driven fora long
period of time.

[0059] According to the eleventh aspect of the present
invention, a similar effect to that of the first aspect of the
present invention can be exerted in the electronic equipment.
[0060] According to the twelfth aspect of the present inven-
tion, a similar effect to that of the first aspect of the present
invention can be exerted in the drive method of the display
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] FIG. 1is ablock diagram showing a configuration of
aliquid crystal display device according to a first embodiment
of the present invention;

[0062] FIG. 2 is a circuit diagram showing an equivalent
circuit of a pixel formation portion included in a display
portion of the liquid crystal display device shown in FIG. 1;
[0063] FIG. 3is ablockdiagram showing a configuration of
a source driver included in the liquid crystal display device
shown in FIG. 1;

[0064] FIG. 4 is a circuit diagram showing a configuration
of a voltage division circuit of a tone voltage generation
circuit included in the liquid crystal display device shown in
FIG. 1;

[0065] FIG. 5isa diagram showing the relation between an
average value of source output voltages and a tone level in a
liquid crystal panel of an FFS system included in the liquid
crystal display device shown in FIG. 1;
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[0066] FIG. 6 is a diagram representing the source output
voltage shown in FIG. 5 by means of a shift amount from a
flicker regulation voltage;

[0067] FIG.7isadiagram showing the relation between the
shift amount from the flicker regulation voltage and the tone
level in a liquid crystal panel of the FFS system included in a
liquid crystal display device according to a second embodi-
ment;

[0068] FIG.8isadiagram showing the relation between the
shift amount from the flicker regulation voltage and the tone
level in a liquid crystal panel of the FF'S system included in a
liquid crystal display device according to a third embodiment;
[0069] FIG.9isadiagram showing the relation between the
shift amount from the flicker regulation voltage and the tone
level with respect to each refresh frequency in a liquid crystal
panel of the FES system included in a liquid crystal display
device according to a fourth embodiment;

[0070] FIG.101s a block diagram showing a configuration
of a display control circuit included in a liquid crystal display
device according to a fifth embodiment;

[0071] FIG. 11 is a diagram showing, as LUT, the relation
between the source output voltage and the tone level in the
case of a refresh frequency of 30 Hz and the case of a refresh
frequency of 60 Hz in a liquid crystal panel shown in FIG. 10;
and

[0072] FIG.12isaschematic view showing a state in which
an orientation of liquid crystal molecules changes when a
voltage is applied to a liquid crystal layer held between two
substrates in a liquid crystal panel of a lateral electric field
system.

MODE FOR CARRYING OUT THE INVENTION

1. First Embodiment

[0073] <1.1 Whole Configuration of Liquid Crystal Dis-
play Device>
[0074] FIG.1isablockdiagram showing a configuration of

aliquid crystal display device according to a first embodiment
of the present invention. As shown in FIG. 1, this liquid
crystal display device is provided with: a liquid crystal panel
including a display portion 100 arranged with a plurality of
pixel formation portions 120 in a matrix form; a display
control circuit 200 formed at a picture-frame of the display
portion 100; a source driver (video signal line drive circuit)
300; a gate driver (scanning signal line drive circuit) 400; and
a common electrode drive circuit 500, the device being
capable of displaying an image with 256 tones. This liquid
crystal display device is mounted in any electronic equipment
having a display portion, such as a smart phone, a computer
and a digital camera. It is to be noted that a description will be
given in the present specification assuming that the liquid
crystal panel is a panel of the lateral electric field system;
however, the liquid crystal panel may be a panel of the lon-
gitudinal electric field system.

[0075] 1Inthe display portion 100, a plurality of (m) source
bus lines (date signal line drive circuit) SL1 to SLm and a
plurality of (n) gate bus lines (scanning signal lines) GL1 to
GLnare arranged so as to intersect with each other, and a pixel
formation portion 120 is provided in the vicinity of each of
intersections of the source bus lines SL1 to SLm and the gate
bus lines GL1 to GLn.

[0076] FIG. 2 is a circuit diagram showing an equivalent
circuit of the pixel formation portion 120 included in the
display portion 100 of the liquid crystal display device shown
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in FIG. 1. Each pixel formation portion 120 is provided with:
a'TFT 125 whose gate electrode is connected to a gate bus line
GLi (1=i=n) passing through a corresponding intersection
and whose source electrode is connected to a source bus line
SLj (1<j=m) passing through this intersection, and which
functions as a switching element; a pixel electrode 121 con-
nected to a drain electrode of the TFT 125; a common elec-
trode 110 which faces the pixel electrode 121 and is com-
monly provided in each pixel formation portion 120; and a
liquid crystal capacitance Cel made up ofa liquid crystal layer
(not shown) held between the pixel electrode 121 and the
common electrode 110. In addition, although an auxiliary
capacitance is also formed in parallel to the liquid crystal
capacitance Ccl, the auxiliary capacitance is not directly
related to the present invention, and hence an illustration and
a description of the auxiliary capacitance will be omitted in
the present specification. It is thus assumed in the present
specification that the pixel capacitance is made up of the
liquid crystal capacitance Ccl alone.

[0077] As the TFT 125 that functions as the switching
element of the pixel formation portion 120, for example, a
TFT whose semiconductor layer is an oxide semiconductor
(hereinafter referred to as “oxide TFT”) is used. More spe-
cifically, the semiconductor layer of the TFT 125 is formed of
In—Ga—7n—0 (indium-gallium-zinc-oxide) mainly com-
posedofindium (In), gallium (Ga), zinc (Zn) and oxygen (O).
Hereinafter, a TFT using In—Ga—7n—O for the semicon-
ductor layer will be referred to as an “IGZO-TFT”. The
1GZO-TFT has a very small off-leak current as compared to a
silicon-based TFT using polycrystalline silicon, amorphous
silicon or the like for a semiconductor layer. For this reason,
a driving signal voltage (source output voltage) written into
the liquid crystal capacitance Ccl is held for a long period.
Further, characteristics of the TFT 125 whose semiconductor
layer is made up of In—Ga—Zn—0 can be improved as
compared to those of the silicon-based TFT. Therefore, abso-
lute values of the positive polarity and negative polarity
flicker regulation voltages, which are held in the liquid crystal
capacitance Ccl, are made equal, whereby transmittances of
the liquid crystal layer can be made symmetrical. Hence it is
possible to prevent burning caused by the VCOM shift which
occurs when the liquid crystal display device is driven for a
long period of time.

[0078] It should be noted that a similar effect is also
obtained in a case where, for example, an oxide semiconduc-
tor containing at least one of indium, gallium, zinc, copper
(Cu), silicon (Si), tin (Sn), aluminum (Al), calcium (Ca),
germanium (Ge) and lead (Pb) is used for the semiconductor
layer as an oxide semiconductor other than In—Ga—Z7n—0.
Further, using the oxide TFT as the TFT 111 is one example,
and in place of this, the silicon-based TFT of polycrystalline
silicon, amorphous silicon or the like may be used.

[0079] The display control circuit 200 receives image data
DAT (image signal) transmitted from the outside such as a
system control portion of electronic equipment mounted with
the liquid crystal display device and a timing control signal
TS such as a vertical synchronization signal and a horizontal
synchronization signal, outputs a digital image signal DV, a
source start pulse signal SSP, a source clock signal SCK and
alatch strobe signal LS to the source driver 300, outputs a gate
start pulse signal GSP and a gate clock signal GCK to the gate
driver 400, and outputs a common voltage control signal CS,
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which controls a common voltage VCOM to be applied to the
common electrode 110, to the common electrode drive circuit
500.

[0080] The source driver 300 receives the digital image
signal DV, the source start pulse signal SSP, the source clock
signal SCK and the latch strobe signal LS outputted from the
display control circuit 200, and applies a source output volt-
age, generated based on the digital image signal DV, to each
of the source bus lines SL1 to SLm in order to charge the
liquid crystal capacitance Cel of each pixel formation portion
120. A detailed configuration of the source driver 300 will be
described later.

[0081] The gate driver 400 sequentially applies an active
scanning signal to each of the gate bus lines GL1 to GLn
based on the gate start pulse signal GSP and the gate clock
signal GCK outputted from the display control circuit 200 in
order to sequentially select each of the gate bus lines GL1 to
GLn in each horizontal period.

[0082] The common electrode drive circuit 500 gives a
voltage given from a power supply circuit (not shown) as the
common voltage VCOM to the common electrode 110, and
reverses the polarity of the common voltage VCOM at timing
in accordance with an AC drive system such as line reversal or
frame reversal based on the common voltage control signal
CS given from the display control circuit 200.

[0083] <I.2 Source Driver>

[0084] FIG.31isablockdiagram showing a configuration of
the source driver 300 included in the liquid crystal display
device shown in FIG. 1. This source driver 300 is provided
with a shift register 311, a sampling latch circuit 312, a
selection circuit 313, a buffer circuit 314, and a tone voltage
generation circuit 320.

[0085] The shift register 311 is inputted with the source
start pulse signal SSP and the source clock signal SCK out-
putted from the display control circuit 200. Based on these
signals SSP, SCK, the shift register 311 transmits each pulse
included inthe source start pulse signal SSP from an input end
to an output end. In accordance with this transfer, sampling
pulses are sequentially inputted into the sampling latch circuit
312. The sampling latch circuit 312 samples the digital image
signal DV outputted from the display control circuit 200 at
timing of each of these sampling pulse to hold the sampled
signals, and further outputs together those signals as 8-bit
internal image signals d1, d2, .. . dm at timing when the latch
strobe signal LS is inputted.

[0086] The power supply circuit gives, to the tone voltage
generation circuit 320, seven kinds of voltages (hereinafter
referred to as “tone reference voltages™) Vyl to Vy7 that
become references for generating a group of tone voltages V0
to V255. As shown in FIG. 4, the tone voltage generation
circuit 320 is provided with a voltage division circuit 321
made up of a resistor row formed by connecting 255 resistors
in series. The voltage division circuit 321 divides the tone
reference voltages Vy1 to Vy7 by the resistors, to generate the
group of tone voltages V0 to V255. Specifically, the seven
tone reference voltages Vyl to Vy7 are respectively given to
seven input terminals 325. A plurality of resistors, connected
in series to each other, are connected between input terminals
325. For example, an output terminal 326, provided at a
connection portion of each of 32 resistors provided between
the input terminal 325 to which the tone reference voltage Vy0
has been given and the input terminal 325 to which the tone
reference voltage Vy2 has been given, outputs a group of 33
tone voltages V0 to V32 having different voltage values. With
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the respective tone reference voltages Vy3 to Vy7 being also
given to the other input terminals 325, the voltage division
circuit 321 generates the group of tone voltages V0 to V255
with 256 tones, and gives those to the selection circuit 313. In
addition, it is assumed in the present specification that the
tone reference voltages Vyl to Vy7 are voltages respectively
corresponding to tone levels of a tone value 0, the tone value
32, atone value 64, a tone value 128, a tone value 192, a tone
value 224 and a tone value 255. However, the number ofkinds
of tone reference voltages may be larger or smaller than
seven, or the tone reference voltage may be made to corre-
spond to a different tone level from the above tone level.
[0087] In the tone voltage generation circuit 320 as thus
described, in the case of increasing voltage values of some
tone voltages out of the group of tone voltages V0 to V255, a
resistance value of the resistor connected to the output termi-
nal 326 for outputting the voltage value is increased. When
the seven kinds of tone reference voltages Vyl to Vy7 are
inputted to the respective input terminals 325 of the voltage
division circuit 321 as thus described, the voltage division
circuit 321 can output the flicker regulation voltage or a
voltage obtained by shifting the flicker regulation voltage to
the plus side by a desired shift amount.

[0088] The selection circuit 313 selects any voltage out of
the group of tone voltages V0 to V255, generated as described
above, based on the internal image signals d1, d2, . . . dm
outputted from the sampling latch circuit 312. The buffer
circuit 314 receives the source output voltage outputted from
the selection circuit 313, and for example, performs imped-
ance conversion by means of a voltage follower, to output the
converted voltage as a driving signal voltage. The source
output voltage outputted from the buffer circuit 314 is applied
to the source bus lines SL1 to SLm.

[0089] In such a manner, the active scanning signal is
applied to the gate bus lines GL1 to GLn, the source output
voltage is applied to the source bus lines SL.1 to SLm, and the
common voltage VCOM is applied to the common electrode
110. Accordingly, the liquid crystal capacitance Ccl of each
pixel formation portion 120 is charged with the source output
voltage, the transmittance of the liquid crystal layer changes
in accordance with the image data DAT, and an image is
displayed on the display portion 100.

[0090] <I1.3 Regulation of Source Output Voltage>

[0091] FIG. 5isa diagram showing the relation between an
average value of source output voltages and the tone level in
the liquid crystal panel of the FFS system of the present
embodiment. Here, in the present specification, the source
output voltage means the flicker regulation voltage or a volt-
age obtained by further shifting the flicker regulation voltage
to the plus side by a predetermined value, namely a voltage
obtained by adding a plus shift amount to the flicker regula-
tion voltage. Since the source output voltage is thus a voltage
to be applied to the source bus lines SL1 to SLm and the same
as the above driving signal voltage, the “source output volt-
age” may be referred to in place of the “driving signal volt-
age” in the following description. Further, the average value
of the source output voltages refers to an average value of
positive polarity and negative polarity source output voltages.
[0092] Asshown in FIG. 5, at the tone value 255 and in the
vicinity thereof, the voltage obtained by further shifting the
flicker regulation voltage to the plus side by a predetermined
value is taken as the source output voltage, and at the tone
levels other than this, the flicker regulation voltage is taken as
the source output voltage. Specifically, it is assumed that the
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tone reference voltages corresponding to the tone levels of the
tone value 0, the tone value 32, the tone value 64, the tone
value 128, the tone value 192 and the tone value 224 are equal
to the flicker regulation voltages, and the tone reference volt-
age corresponding to the tone value 255 is 4.09V obtained by
further adding +40 mV as a shift amount to 4.05 V which is
the flicker regulation voltage. Accordingly, when seven kinds
of source output voltages shown in FIG. 5 are inputted as the
tone reference voltages Vyl to Vy7 into the tone voltage
generation circuit 320, the tone voltage generation circuit 320
outputs the group of tone voltages V0 to V255, and the group
of these tone voltages V0 to V255 is selected by the selection
circuit 313 and applied as the source output voltage to the
source bus lines SL1 to SLm. Thereby, the source output
voltage is written into the pixel formation portion 120 con-
nected to the selected gate bus line.

[0093] The source output voltage corresponding to each of
tone levels from the tone value 0 to the tone value 224 as thus
obtained has the same voltage value as that of the flicker
regulation voltage, and the source output voltage correspond-
ing to each of tone levels from the tone value 225 to a tone
value 254 is a voltage (solid line shown in FIG. 5) obtained by
further shifting the flicker regulation voltage (dotted line
shown in FIG. 5) to the plus side.

[0094] FIG. 6 is a diagram representing the source output
voltage shown in FIG. 5 by means of a shift amount from the
flicker regulation voltage. As described above, the source
output voltage corresponding to each of tone levels from the
tone value 0 to the tone value 224 agrees with the flicker
regulation voltage, and hence the shift amount is 0 mV. In
contrast, the source output voltage corresponding to the tone
value 255 is obtained by further adding +40 mV to 4.05V
which is the flicker regulation voltage, and hence the shift
amount is +40 mV. Moreover, the shift amount from the tone
value 225 to the tone value 254 is a difference between a
voltage value represented by a solid line of FIG. 6 and a
voltage value represented by a dotted line of FIG. 6. That is,
the shift amount ateach of tone levels from the tone value 225
to the tone value 254 is represented by a straight line connect-
ing 0 mV at the tone value 224 and +40 mV at the tone value
255inFIG. 6. Therefore, the shift amount of the source output
voltage increases with increase in tone level.

[0095] Inaddition,in the present embodiment that the shift
regulation voltage shifted from the flicker regulation voltage
at the tone value 255 by +40 mV has been taken as the source
output voltage corresponding to the tone value 255. However,
the shift amount is not restricted to +40 mV, and can be
changed as appropriate so long as it is a plus value.

[0096] <I.4 Effect>

[0097] According to the present embodiment, as the source
output voltage corresponding to each of the tone value 255 as
the highest tone level and tone levels in the vicimty thereof,
the flicker regulation voltage obtained by shifting the flicker
regulation voltage with the positive polarity and the negative
polarity to the plus side is applied, and as the source output
voltage corresponding to each of the other tone levels, the
flicker regulation voltage is applied, to drive the liquid crystal
panel. When such a source output voltage is applied to the
liquid crystal panel and the liquid crystal panel is driven for a
long period of time, occurrence of the VCOM shift is sup-
pressed, thereby allowing prevention of burning caused by
the VCOM shift. This is because it can be considered that, by
increasing the flicker regulation voltage corresponding to the
highest tone level and in the vicinity thereof, electric charge is
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hardly accumulated in the liquid crystal panel even when the
liquid crystal panel is driven for a long period of time.

[0098] <I1.5 Modified Example>

[0099] The liquid crystal panel may be driven for a long
period of time by using as the source output voltage a voltage
obtained not only by shifting the flicker regulation voltage
corresponding to each of the tone value 255 as the highest
tone level and tone levels in the vicinity thereof to the plus
side, but also by shifting the flicker regulation voltage corre-
sponding to each of tone levels from a tone value 193 to the
tone value 255 to the plus side, or by shifting the flicker
regulation voltage corresponding to each of tone levels from
the tone value 128 to the tone value 255 to the plus side. As
thus described, a voltage, obtained by shifting the flicker
regulation voltage corresponding to the tone level at least
including the tone value 255 as the highest tone level to the
plus side, is taken as the source output voltage, whereby it is
possible to further suppress occurrence of the VCOM shift, so
as to further prevent burning caused by the VCOM shift. In
this case, it is preferable to set the shift amount so as to
monotonously increase with increase in tone level and to
become the largest at the tone value 255.

[0100] <2. Second Embodiment>

[0101] A block diagram showing a configuration of a liquid
crystal display device according to a second embodiment is
similar to the block diagram shown in FIG. 1, and hence the
block diagram and a description thereof will be omitted.

[0102]

[0103] FIG. 7is a diagram showing the relation between the
shift amount from the flicker regulation voltage and the tone
level in a liquid crystal panel of the FFS system of the present
embodiment. As shown in FIG. 7, the shift amounts from the
flicker regulation voltages as the source output voltages in the
present embodiment are setto 0 mV at the tone value 128, and
setto =20 mV, -15 mV and -10 mV respectively at the tone
value 0, the tone value 32 and the tone value 64 which are
smaller tone levels than the tone value 128. Further, it is
assumed that shift amounts are set to +20 mV, +40 mV and
+70 mV respectively at the tone value 192, the tone value 224
and the tone value 255 which are larger tone levels than the
tone value 128. As thus described, with increase in tone level,
not only the shift amount monotonously increases, but also a
rate of increase (inclination of curve) in shift amount is raised.
As a result, the shift amount corresponding to the tone value
0level is the smallest amount of =20 mV, and the shift amount
corresponding to the tone value 255 is the largest amount of
+70 mV.

[0104] In such a manner, the source output voltage is
obtained by adding the shift amount to the flicker regulation
voltage at every tone from the tone value 0 to the tone value
255. In addition, differently from the case of the first embodi-
ment, the shift amounts include zero and a minus value as well
as a plus value in the present embodiment. Therefore, adding
a minus shift amount to the flicker regulation voltage means
shifting the flicker regulation voltage to the minus side.

[0105] Accordingly, when seven kinds of source output
voltages obtained by adding the shift amounts shown in FIG.
7 are inputted as the tone reference voltages Vy1 to Vy7 to the
tone voltage generation circuit 320, the tone voltage genera-
tion circuit 320 outputs the group oftone voltages V0 to V255,
and the group of these tone voltages V0 to V255 is selected by
the selection circuit 313 and applied as the source output

<2.1 Regulation of Source Output Voltage>
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voltage to the source bus lines SL1 to SLm. Thereby, the
source output voltage is written into each pixel formation

portion 120.
[0106] <2.2 Effect>
[0107] According to the present embodiment, the source

output voltage from the tone value 0 to a tone value 127 is set
to the voltage obtained by shifting the flicker regulation volt-
age to the minus side, and the source output voltage from a
tone value 129 to the tone value 255 is set to the voltage
obtained by shifting the flicker regulation voltage to the plus
side, and hence such voltages are set so that the rate of
increase in shift amount rises with increase in tone level.
Since the source output voltage corresponding to the highest
tone level and in the vicinity thereof thus increases, even
when the source output voltage is applied to the liquid crystal
panel and the liquid crystal panel is driven for a long period of
time, occurrence of the VCOM shift is suppressed. This leads
to prevention of burning caused by the VCOM shift.

[0108] <2.3 Modified Example>

[0109] In the present embodiment, the shift amount from
the flicker regulation voltage corresponding to the tone value
128 has been set to 0 mV, the shift amount at a smaller tone
level than the tone value 128 has been set to a minus value, and
the shift amount at a larger tone level than the tone value 128
has been set to a plus value. However, the tone level at which
the shift amountis 0 mV is not restricted to the tone value 128,
and the tone level may be any tone level except for the highest
tone level and in the vicinity thereof.

3. Third Embodiment

[0110] A block diagram showing a configuration of a liquid
crystal display device according to a third embodiment is the
same as the block diagram shown in FIG. 1, and hence the
block diagram and a description thereof will be omitted.
[0111] <3.1 Regulation of Source Output Voltage>

[0112] FIG. 8isadiagram showing the relation between the
shift amount from the flicker regulation voltage and the tone
level in a liquid crystal panel of the FFS system of the present
embodiment. As shown in FIG. 8, as for the shift amount in
the present embodiment, a shift amount from the flicker regu-
lation voltage corresponding to the tone value 128 is set to 0
mV, shift amounts at the tone value 0, the tone value 32 and
the tone value 64 that are smaller tone levels than the tone
value 128 are set to small plus values as well as substantially
the same value (+1 to +3 mV in the drawing), and shift
amounts at the tone value 192, the tone value 224 and the tone
value 255 that are larger tone levels than the tone value 128
are respectively set to +15 mV, +24 mV and +40 mV. As thus
described, when the tone level is smaller than the tone value
128, the shift amount is set to a small plus value as well as
substantially the same value, and when the tone level is larger
than the tone value 128, the shift amount is monotonously
increased with increase in tone level, and a rate of increase
(inclination of curve) in shift amount is also raised. Hence the
shift amount at the tone value 255 is the largest amount of 40
mV. In addition, differently from the case of the second
embodiment, the shift amounts do not include a minus value.
[0113] Accordingly, when seven kinds of source output
voltages obtained by adding the shift amounts shown in FIG.
8 are inputted as the tone reference voltages Vy1 to Vy7 to the
tone voltage generation circuit 320, the tone voltage genera-
tion circuit 320 outputs the group oftone voltages VO to V255,
and the group of these tone voltages V0 to V255 are selected
by the selection circuit 313 and applied as the source output

Nov. 19,2015

voltage to the source bus lines SL1 to SLm. Therehy, the
source output voltage is written into each pixel formation
portion 120.

[0114] <3.2 Effect>

[0115] According to the present embodiment, the source
output voltage is set so that the flicker regulation voltage is
shifted to the plus side at every tone level, and the rate of
increase in shift amount rises with increase in tone level at a
larger tone level than the tone value 128. Since the source
output voltage corresponding to the highest tone level and in
the vicinity thereof thus increases, even when the source
output voltage is applied to the liquid crystal panel and the
liquid crystal panel is driven for a long period of time, occur-
rence of the VCOM shift is suppressed. This leads to preven-
tion of burning caused by the VCOM shift.

[0116] <3.3 Modified Example>

[0117] In the present embodiment, the shift amount at the
tone value 128 has been set to 0 mV, and the shift amount
corresponding to each of tone levels from the tone value 0 to
the tone value 127 has been set to a plus small value as well as
the substantially fixed value. However, the tone level at which
the shift amountis 0 mV is not restricted to the tone value 128,
and the tone level may be any tone level except for the highest
tone level and in the vicinity thereof.

4. Fourth Embodiment

[0118] <4.1 Configuration of Liquid Crystal Display
Device>
[0119] In a block diagram showing a configuration of a

liquid crystal display device according to a fourth embodi-
ment, refresh frequency information of an image that is fur-
ther displayed is given to the display control circuit 200 from
the outside along with the image data DAT and the timing
control signal TS such as the horizontal synchronization sig-
nal in the block diagram shown in FIG. 1. In order to switch
an image that is displayed on the display portion 100 in
accordance with information of a refresh frequency of 30 Hz
or 60 Hz, the display control circuit 200 is provided with a
switch circuit (not shown) for switching the control signals
such as the source start pulse signal SSP and the source clock
signal SCK to be given to the source driver 300, and the
control signals such as the gate clock signal GCK to be given
to the gate driver 400.

[0120] Further, the tone voltage generation circuit 320
includes two voltage division circuits (not shown) that can be
switched in accordance with the refresh frequency. These
voltage division circuits are both made up of resistors con-
nected in series, but resistance values of the resistors consti-
tuting the two voltage division circuits are different. The two
voltage division circuits are switched by a switch signal (not
shown) given from the switch circuit of the display control
circuit 200. The other constitutional elements are the same as
the constitutional elements shown in FIG. 1.

[0121] <4.2 Regulation of Source Output Voltage>

[0122] FIG. 9is a diagram showing the relation between the
shift amount from the flicker regulation voltage and the tone
level with respect to each refresh frequency in a liquid crystal
panel of the FFS system of the present embodiment. In FIG.
9, concerning the case of the refresh frequency of 30 Hz and
the case of the refresh frequency of 60 Hz, the shift amount
with respect to each tone level is described. In the case of
either frequency, the shift amount is 0 when the tone level is
the tone value 0, the shift amount monotonously increases
with increase in tone level from the tone value 0 to the tone
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value 255, and a rate of increase (inclination of curve) therein
rises with increase in tone level. Since the source output
voltage is obtained by adding the shift amount to the flicker
regulation voltage, the source output voltage also becomes
the smallest at the tone value 0 and becomes the largest at the
tone value 255.

[0123] Further, the shift amount corresponding to the same
tone level is larger in the case of the refresh frequency of 30
Hz than in the case of 60 Hz, and a difference therebetween
increases with increase in tone level. In FIG. 9, a solid line
indicates the shift amount in the case of driving at the refresh
frequency of 60 Hz, and a dotted line indicates the shift
amount in the case of driving at the refresh frequency of 30
Hz.

[0124] TItistobenoted that the description has been given in
the case of the refresh frequency of 30 Hz and the case of the
refresh frequency of 60 Hz in the present embodiment. How-
ever, the refresh frequency may be a higher frequency or a
lower frequency than these. However, the lower the refresh
frequency, the more the shift amount with respect to the same
tone level needs to be increased. Further, the lower the refresh
frequency, the larger the shift amount to be added to the
flicker regulation voltage becomes, and hence the source
output voltage obtained by adding the shift amount also
becomes larger.

[0125] <4.3 Effect>

[0126] According to the present embodiment, since the
source output voltage is obtained by adding the shift amount,
obtained with respect to each refresh frequency, to the flicker
regulation voltage, it is possible to apply the most suitable
source output voltage to the liquid crystal panel with respect
to each refresh frequency. Hence it is possible to suppress
occurrence of the VCOM shift, which occurs when the liquid
crystal panel is driven for a long period of time, regardless of
the refresh frequency, so as to prevent burning caused by the
VCOM shift.

3. Fifth Embodiment

[0127] A block diagram showing a configuration of a liquid
crystal display device according to a fifth embodiment is the
same as the block diagram shown in FIG. 1, and hence the
block diagram and a description thereof will be omitted.
[0128] <5.1 Configuration of Display Control Circuit>
[0129] A configuration of the display control circuit 200 of
the present embodiment is different from the configuration of
the display control circuit 200 shown in FIG. 1, and hence the
configuration of the display control circuit 200 of the present
embodiment will be described. FIG. 10 is a block diagram
showing the configuration of the display control circuit 200 in
the present embodiment. As shown in FIG. 10, the display
control circuit 200 includes a timing control portion 211 for
performing timing control, a correction table storage portion
212 for storing correction data necessary for preventing
flicker and burning, and a data correction portion 213 for
correcting display tone data included in the image data DAT
given from the outside. The data correction portion 213 cor-
rects the display tone data based on correction data stored in
the correction table storage portion 212.

[0130] The timing control portion 211 receives the timing
control signal TS given from the outside, and outputs a con-
trol signal CT for controlling operation of the data correction
portion 213, and the source start pulse signal SSP, the source
clock signal SCK, the latch strobe signal LS, the gate start
pulse signal GSP, the gate clock signal GCK and the common
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voltage control signal CS for controlling timing at which an
image is displayed on the display portion 100.

[0131] The correction table storage portion 212 stores, as a
look up table (hereinafter referred to as “LUT”), correction
data for converting display tone data included in the image
data DAT given to the data correction portion 213 to display
tone data capable of preventing flicker and burning.

[0132]

[0133] FIG. 11 is a diagram showing, as an LUT, the rela-
tion between a source output voltage and a tone level in the
case of the refresh frequency of 30 Hz and the case of the
refresh frequency of 60 Hz. As shown in FIG. 11, as correc-
tion data for converting display tone data of the image data
DAT to the most suitable display tone data for preventing
flicker and burning, source output voltages at the tone value 0,
the tone value 32, the tone value 64, the tone value 128, the
tone value 192, the tone value 224 and the tone value 255 are
stored in the LUT of the correction table storage portion 212
with respect to each refresh frequency and with respect to
each polarity of a voltage that is to be applied to the pixel
electrode 121.

[0134] When seven kinds of source output voltages shown
in FIG. 11 are inputted as the tone reference voltages Vy1 to
Vy7 to the tone voltage generation circuit 320, the tone volt-
age generation circuit 320 outputs the group of tone voltages
V0 to V255, and the group of these tone voltages V0 to V255
is selected by the selection circuit 313 and applied as the
source output voltage to the source bus lines SL1 to SLm.
Thereby, the source output voltage is written into each pixel
formation portion 120.

[0135] Further, as shown in FIG. 11, average values of the
source output voltages corresponding to the tone levels of the
tone value 0, the tone value 32, the tone value 64, the tone
value 128 and the tone value 192 are the same values regard-
less of the refresh frequency. However, average values of the
source output voltages in the case of 30 Hz is +40 mV larger
at the tone value 224 and +50 mV larger at the tone value 255
than average values of the source output voltages in the case
of 60 Hz. Hence the tone voltage generation circuit 320 out-
puts a larger tone voltage as a source output voltage corre-
sponding to each of tone levels from the tone value 193 to the
tone value 223 and each of tone levels from the tone value 225
tone to atone value 254 in the case of the refresh frequency of
30 Hz than in the case of the refresh frequency of 60 Hz.

[0136] Next, the case of switching the refresh frequency
will be described. In the case of switching the refresh fre-
quency from 60 Hz to 30 Hz, when the source output voltage
has a positive polarity, 6.888 V, obtained by adding 40 mV to
6.648 V corresponding to the tone value 224 at the time of 60
Hz, s set as the source output voltage at the time 0f 30 Hz, and
7.807 V, obtained by adding S0 mV to 7.757 V corresponding
to the tone value 255 at the time of 60 Hz, is set as the source
output voltage at the time of 30 Hz. Similarly, when the source
output voltage has a negative polarity, 1.341V, obtained by
adding 40 mV to 1.301 V corresponding to the tone value 224
at the time of 60 Hz, is set as the source output voltage at the
time of 30 Hz, and 0.478 V obtained by adding 50 mV to
0.428V corresponding to the tone value 255 at the time of 60
Hz, is set as the source output voltage at the time of 30 Hz.

[0137] Accordingly, the source output voltage correspond-
ing to each of tone levels from the tone value 193 to the tone
value 223 and each of tone levels from the tone value 225 to
the tone value 254, outputted from the tone voltage generation

<5.2 Regulation of Source Output Voltage>
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circuit 320, is also outputted as a tone voltage obtained by
shifting the source output voltage at the time of 60 Hz to the
plus side.

[0138] Although the case of switching the refresh fre-
quency from 60 Hz to 30 Hz has been described, the case of
switching the refresh frequency from 30 Hz to 60 Hz is
similar to the above case, and hence its description will be
omitted.

[0139] <5.3 Effect>

[0140] According to the present embodiment, the source
output voltage corresponding to the highest tone level and in
the vicinity thereof is stored in the correction table storage
portion 212 as the display tone data of the image data DAT in
the form of the LUT. The display control circuit 200 reads the
source output voltage stored in the LUT and corrects the
display tone data of the image data DAT. Thereby, occurrence
ofthe VCOM shift which occurs when the liquid crystal panel
is driven for a long period of time is suppressed, and hence
burning caused by the VCOM shift is prevented.

[0141] Further, when the refresh frequency is switched
when an image is displayed on the display portion 100, a
source output voltage corresponding to the refresh frequency
after switched is read from the LUT of the correction table
storage portion 212, thereby regulating the source output
voltage at the highest tone level and in the vicinity thereof.
Thus, even when the refresh frequency is switched, the most
suitable source output voltage corresponding to the refresh
frequency after switched is applied to the liquid crystal panel,
whereby occurrence of the VCOM shift which occurs when
the liquid crystal panel is driven for a long period of time is
suppressed, and burning caused by the VCOM shift is pre-
vented.

[0142] The LUT can store the correction data in a simple
form as table information associated with the display tone
data. Further, the LUT can easily add or change the correction
data in the case of adding new correction data or changing the
stored correction data.

[0143] <5.4 Modified Example>

[0144] In the above embodiment, the correction data con-
cerning the tone levels of seven tones from the tone value 0 to
the tone value 255 have been stored in the LUT of the correc-
tion table storage portion 212. However, correction data cor-
responding to every tone level from the tone value 0 to the
tone value 255 may be stored into the LUT. This can further
facilitate changing correction data and further simplifies the
configuration of the liquid crystal display device.

[0145] In the above embodiment, the correction data to be
stored into the LUT has been assumed to be the source output
voltage. However, the correspondence relation between dis-
play tone data before corrected and display tone data after
corrected, a correction coefficient, and the like may be stored
into the LUT as correction data.

[0146] In the above embodiment, refresh frequency infor-
mation is also given from the outside along with the image
data DAT. However, an image determination portion (not
shown) may be provided in the display control circuit 200 and
an image with a different refresh frequency may be switched.
In this case, the image determination portion functions as a
frequency switching circuit, and switches the LUT that stores
correction data corresponding to the refresh frequency.
[0147] <6. Others>

[0148] Ineach of the above embodiments and the modified
examples thereof, the descriptions have been given of the
source output voltage of the liquid crystal panel of the lateral
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electric field system, and the shift amount thereof. This is
because the present invention exerts a large effect on the
liquid crystal panel of the lateral electric field system whose
electrode structure is asymmetrical. However, also in the
liquid crystal panel of the longitudinal electric field system, it
is possible to prevent burning caused by the VCOM shift
when the liquid crystal panel is driven for a long period of
time.

[0149] Further, in each of the above embodiments, the lig-
uid crystal display device of the frame-reversal driving sys-
tem has been described. However, the system is not restricted
to the frame-reversal driving system, and it may be any of a
dot-reversal driving system, a line-reversal driving system
and a column-reversal driving system.

INDUSTRIAL APPLICABILITY

[0150] The present invention is applicable to a display
device capable of preventing burning which occurs when a
liquid crystal panel is driven for a long period of time.

DESCRIPTION OF REFERENCE CHARACTERS

[0151] 100: display portion

[0152] 110: common electrode

[0153] 120: pixel formation portion

[0154] 121: pixel electrode

[0155] 125: thin film transistor

[0156] 200: display control circuit

[0157] 212: correction table storage portion
[0158] 213: data correction portion

[0159] 300: source driver (date signal line drive circuit)
[0160] 320: tone voltage generation circuit
[0161] 321: voltage division circuit

[0162] 400: gate driver (scanning signal line drive circuit)
[0163] GL1 to GLn: gate bus line (scanning signal line)
[0164] SL1 to SLm: source bus line (data signal line)
[0165] Ccl: liquid crystal capacitance (pixel capacitance)
[0166] DAT: image data (image signal)

1. An active matrix-type display device which is subjected

to AC drive, the device comprising:

a plurality of scanning signal lines and a plurality of data
signal lines that intersect with the plurality of scanning
signal lines;

a plurality of pixel formation portions arranged in a matrix
form, respectively corresponding to intersections of the
plurality of scanning signal lines and the plurality of data
signal lines;

a scanning signal line drive circuit configured sequentially
to activate the plurality of scanning signal lines;

a date signal line drive circuit configured to apply a flicker
regulation voltage, which has been regulated so as to
display an image with the minimum flicker, to the plu-
rality of data signal lines in order to write the flicker
regulation voltage into the pixel formation portion con-
nected to a selected scanning signal line; and

adisplay control circuit configured to give a predetermined
control signal to the scanning signal line drive circuit
and the date signal line drive circuit, to perform control,

wherein one of the date signal line drive circuit and the
display control circuit adds a plus shift amount to the
flicker regulation voltage with a tone level in a predeter-
mined range which at least includes the highest tone
level.
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2. The display device according to claim 1, wherein the
shift amount monotonously increases with increase in a tone
level.

3. The display device according to claim 2, wherein a rate
of increase in shift amount with respect to the tone level rises
with increase in the tone level.

4. The display device according to claim 1, wherein the
shift amount is a plus value at every tone level.

5. The display device according to claim 1, wherein the
shift amount is a plus value at a higher tone level than the
predetermined tone level.

6. The display device according to claim 1, wherein

the shift amount varies in accordance with a refresh fre-
quency of an image signal given from the outside, and

the lower the refresh frequency, the larger the value of the
shift amount.

7. The display device according to claim 1, wherein the
display control circuit stores correction data configured to
correct a voltage to be written into the pixel formation portion
as table information associated with a display tone corre-
sponding to an image signal given from the outside.

8. The display device according to claim 1,

wherein the pixel formation portion includes:

athin film transistor which comes into a conducting state or
a blocking state in accordance with a scanning signal
that is applied to the scanning signal line;

apixel electrode which is connected to the data signal line
via the thin film transistor;

a pixel capacitance which is formed of the pixel electrode
and a common electrode provided so as to face the pixel
electrode; and

a liquid crystal layer which displays a pixel with atone in
accordance with a voltage that is held in the pixel capaci-
tance,

wherein a semiconductor layer of the thin film transistor is
made up of indium oxide, gallium and zinc.

9. The display device according to claim 8, wherein the

pixel formation portion includes the pixel electrode and the
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common electrode so as to apply an electric field in a lateral
electric field system to the liquid crystal layer.

10. The display device according to claim 8, wherein the
pixel formation portion includes the pixel electrode and the
common electrode so as to apply an electric field in a longi-
tudinal electric field system to the liquid crystal layer.

11. Electronic equipment, comprising the display device
according to claim 1.

12. A drive method of a liquid crystal display device which
includes

a plurality of scanning signal lines and a plurality of data

signal lines that intersect with the plurality of scanning
signal lines, and

a plurality of pixel formation portions arranged in a matrix

form, respectively corresponding to intersections of the
plurality of scanning signal lines and the plurality of data
signal lines,

the device being an active matrix-type display device

which is subjected to an AC drive,
the method comprising the steps of:
sequentially selecting the plurality of scanning signal lines;
applying a flicker regulation voltage, which has been regu-
lated so as to form an image with the minimum flicker, to
the plurality of data signal lines in order to write the
flicker regulation voltage into the pixel formation por-
tion connected to a selected scanning signal line; and

giving a predetermined control signal to perform control in
the step of selecting the scanning signal line and the step
of applying the flicker regulation voltage to the plurality
of data signal lines,

wherein in the step of applying the flicker regulation volt-

age to the plurality of data signal lines, a plus shift
amount is added to the flicker regulation voltage with a
tone level in a predetermined range which at least
includes the highest tone level.
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