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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING SAME

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal dis-
play devices and methods for driving the same, particularly
to aliquid crystal display device capable of image display by
pause drive and a method for driving the same.

BACKGROUND ART

[0002] Itis often the case that low power consumption and
thin liquid crystal display devices are employed for displays
of portable electronic apparatuses such as smartphones and
tablets. As an example of such a liquid crystal display
device, Patent Document 1 discloses a liquid crystal display
device whose refresh rate changes in accordance with an
image to be displayed. Specifically, when a video is dis-
played, the liquid crystal display device is driven with an
increased refresh rate, and when a still image is displayed,
pause drive is performed so as to reduce power consump-
tion. In order not to cause a polarity bias in each pixel
forming portion when switching between refresh rates, the
liquid crystal display device manages the duration in which
a positive data signal is written and the duration in which a
negative data signal is written, and if the difference ther-
ebetween becomes excessively significant, a limit refresh to
be described later is performed. In this manner, the liquid
crystal display device is designed not to cause an excessive
polarity bias.

CITATION LIST

Patent Document

[0003] Patent Document 1: International Publication WO
2013/125406
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0004] However, in the case of liquid crystal display

devices whose refresh rates change when a predetermined
condition is satisfied, as in the case of the liquid crystal
display device described in Patent Document 1, no refresh is
performed until the condition is satisfied, but by then, a
polarity bias occurs. On the other hand, if a limit refresh is
repeated in order to prioritize eliminating a polarity bias, the
number of refreshes increases, resulting in increased power
consumption.

[0005] Therefore, an objective of the present invention is
to provide a liquid crystal display device capable of keeping
power consumption low and preventing a polarity bias, and
a method for driving the same.

Solution to the Problems

[0006] A first aspect of the present invention is directed to
a liquid crystal display device for displaying an image
represented by input image data on a display portion by
applying data voltages to a liquid crystal layer of the display
portion in accordance with the image data, the device
comptrising:

[0007] adrive portion configured to apply the data voltage
to the liquid crystal layer; and

Sep. 6,2018

[0008] a display control portion configured to manage a
polarity bias of the data voltage for each predetermined
period and controlling the drive portion so as to lessen the
polarity bias by a forced refresh updating an image dis-
played on the display portion;

the display portion including a plurality of pixels forming
portions configured to hold the data voltages, wherein,
[0009] when a polarity bias value indicating the polarity
bias reaches a preset limit, the display control portion
rewrites the data voltage held in the pixel forming portion
such that the data voltage is inverted in polarity, determines
whether a frequency of the polarity bias value reaching the
limit satisfies a predetermined condition, and when the
predetermined condition is determined to be satisfied, con-
trols the drive portion such that the data voltage is rewritten
without being inverted in polarity by the forced refresh
being performed immediately after the satisfaction of the
predetermined condition.

[0010] In a second aspect of the present invention, based
on the first aspect of the present invention, wherein,
[0011] the display control portion includes:

[0012] apolarity bias management circuit configured to
obtain and manage the polarity bias value for each of
the predetermined periods and outputs a limit-hit signal
when the polarity bias value reaches the limit;

[0013] a polarity inversion control circuit configured to
generate and output a polarity signal to perform control
such that the polarity bias value outputted by the
polarity bias management circuit approaches “0” by
means of the forced refresh when the polarity bias
value does not reach the limit or the polarity bias value
is inverted when the polarity bias value reaches the
limit; and

[0014] a timing control circuit configured to generate
and provide a refresh signal to the polarity bias man-
agement circuit and the polarity inversion control cir-
cuit upon reception of a forced refresh signal for the
forced refresh or generate and provide a limit refresh
signal to the polarity bias management circuit and the
polarity inversion control circuit upon reception of the
limit-hit signal,

[0015] the timing control circuit determines whether the
frequency of receiving the limit-hit signal satisfies the
predetermined condition, and generates and provides an
occurrence frequency signal to the polarity inversion control
circuit when the predetermined condition is determined to be
satisfied, and

[0016] upon provision of the occurrence frequency signal,
the polarity inversion control circuit performs control such
that the forced refresh in conformity with the image data is
performed with the same polarity as an immediately pre-
ceding refresh.

[0017] In a third aspect of the present invention, based on
the second aspect of the present invention, wherein,
[0018] the timing control circuit includes a limit counter
configured to count the number of receptions of the limit-it
signal, a threshold register configured to memorize a thresh-
old of the number of receptions of the limit-hit signal, and
a comparison circuit configured to compare the number of
receptions of the limit-hit signal and the threshold, and
[0019] when the number of receptions of the limit-hit
signal memorized by the limit counter is determined to be
greater than or equal to the threshold memorized by the
threshold register as a result of the comparison circuit
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comparing the number of receptions of the limit-hit signal
and the threshold, the timing control circuit outputs the
occurrence frequency signal to the polarity inversion control
circuit.

[0020] Ina fourth aspect of the present invention, based on
the third aspect of the present invention, wherein the timing
control circuit further includes a refresh counter configured
to count the number of receptions of the forced refresh
signal, obtains an occurrence frequency on the basis of the
number of receptions memorized by the limit counter and
the number of receptions memorized by the refresh counter,
compares the occurrence frequency and the threshold
memorized by the threshold register by means of the com-
parison circuit, and when the occurrence frequency is deter-
mined to be greater than or equal to the threshold, outputs
the occurrence frequency signal to the polarity inversion
control circuit.

[0021] In a fifth aspect of the present invention, based on
the forth aspect of the present invention, wherein the refresh
counter counts the number of receptions of the forced
refresh signal and the number of receptions of the limit
refresh signal and obtains a total number of receptions.
[0022] In a sixth aspect of the present invention, based on
the third aspect of the present invention, wherein the timing
control circuit further includes a Y-frame register configured
to memorize a period of time being set as a Y-frame period,
reads out the period being set as the Y-frame period from the
Y-frame register, sets the Y-frame period to extend back
from an arbitrary point in time within a period during which
the forced refresh is performed, and determines whether the
occurrence frequency is greater than or equal to the thresh-
old during the Y-frame period.

[0023] In a seventh aspect of the present invention, based
on the second aspect of the present invention, wherein,
[0024] the timing control circuit includes a Z-frame reg-
ister configured to memorize a period of time being set as a
Z-frame period, and

[0025] wupon reception of a limit refresh signal from the
polarity bias management circuit, the timing control circuit
reads out the period being set as the Z-frame period from the
Z-frame register, sets the Z-frame period to extend forward,
and upon reception of an initial limit refresh signal during
the Z-frame period, outputs the occurrence frequency signal
to the polarity inversion control circuit.

[0026] In an eighth aspect of the present invention, based
on the second aspect of the present invention, wherein the
polarity bias management circuit includes a balance counter
configured to count and hold the polarity bias value, and
increases or decreases the polarity bias value held in the
balance counter by “1” as specified by the polarity signal
upon each provision of a vertical synchronization signal to
display an image represented by the image data on the
display portion.

[0027] In a ninth aspect of the present invention, based on
the second aspect of the present invention, further compris-
ing a positive gamma circuit configured to generate positive
image data on the basis of the image data and a negative
gamma circuit configured to generate negative image data
on the basis of the input image data, wherein,

[0028] the display control portion further includes a selec-
tor configured to select either the positive gamma circuit or
the negative gamma circuit, and

[0029] the selector selects either the positive gamma cir-
cuit or the negative gamma circuit in accordance with the
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polarity signal provided by the polarity inversion control
circuit, and provides the input image data so as not to cause
a polarity bias in each of the pixel forming portions.
[0030] In atenth aspect of the present invention, based on
the ninth aspect of the present invention, wherein,
[0031] the display control portion further includes frame
memory configured to store the input image data,
[0032] the timing control circuit outputs the refresh signal
to the polarity inversion control circuit and the polarity bias
management circuit, and provides the frame memory with a
readout signal to read out the image data, and
[0033] the frame memory outputs to the selector the image
data having already been stored upon provision of the
readout signal.
[0034] In an eleventh aspect of the present invention,
based on the second aspect of the present invention, further
comprising data signal lines and scanning signal lines
formed on the display portion so as to connect the pixel
forming portions and the drive portion, wherein,
[0035] the pixel forming portion includes:
[0036] a pixel capacitor configured to hold the data
voltage; and
[0037] a switching element with a control terminal
connected to the scanning signal line, a first conductive
terminal connected to the data signal line, and a second
conductive terminal connected to the pixel capacitor,
and

[0038] the switching element includes a thin-film transis-
tor with a channel layer formed with an oxide semiconduc-
tor.

[0039] In a twelfth aspect of the present invention, based
on the eleventh aspect of the present invention, wherein the
pixel forming portion includes a thin-film transistor with an
oxide semiconductor layer.

[0040] In a thirteenth aspect of the present invention,
based on the twelfth aspect of the present invention, wherein
the thin-film transistor is a channel-etched thin-film transis-
tor.

[0041] In a fourteenth aspect of the present invention,
based on the twelfth aspect of the present invention, wherein
the oxide semiconductor layer is formed with indium gal-
lium zinc oxide.

[0042] In afifteenth aspect of the present invention, based
on the twelfth aspect of the present invention, wherein the
oxide semiconductor layer is formed with a crystalline oxide
semiconductor.

[0043] Ina sixteenth aspect of the present invention, based
on the twelfth aspect of the present invention, wherein the
oxide semiconductor layer is formed with a crystalline oxide
semiconductor.

[0044] A seventeenth aspect of the present invention is
directed to a method for driving a liquid crystal display
device displaying an image represented by input image data
on a display portion by applving data voltages to a liquid
crystal layer of the display portion in accordance with the
image data, the device including a drive portion configured
to apply the data voltage to the liquid crystal layer, and a
display control portion configured to manage a polarity bias
of the data voltage for each predetermined period and
controlling the drive portion so as to lessen the polarity bias
of the data voltage during a frame period in which the image
displayed on the display portion is updated, the display
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portion including a plurality of pixel forming portions
configured to hold the data voltages, the method comprising
the steps of:

[0045] when a polarity bias value indicating the polarity
bias reaches a preset limit, rewriting the data voltage held in
the pixel forming portion such that the data voltage is
inverted in polarity;

[0046] determining whether the polarity bias value satis-
fies a predetermined condition; and

[0047] when the predetermined condition is determined to
be satisfied, controlling the drive portion such that the data
voltage is rewritten without being inverted in polarity by a
forced refresh being performed immediately after a limit
refresh, in accordance with updating the image data.

Effect of the Invention

[0048] Inthe first aspect of the present invention, when the
polarity bias value reaches the preset limit, the data voltage
held in the pixel forming portion is rewritten such that the
polarity thereof is inverted, and further, whether the fre-
quency of the polarity bias value reaching the limit satisfies
a predetermined condition. As a result, if the predetermined
condition is determined to be satisfied, a forced refresh is
performed immediately after the satisfaction of the condi-
tion, such that the data voltage is rewritten without being
inverted in polarity. Accordingly, the polarity bias value
moves away from the limit, whereby the need to perform a
further limit refresh is eliminated, resulting in a decreased
number of limit refreshes. Thus, the total power consump-
tion by refreshes during the limit refresh period can be made
lower than can be conventionally made.

[0049] In the second aspect of the present invention, when
the frequency of receiving the limit-hit signal outputted by
the polarity bias management circuit is determined to satisfy
a predetermined condition, the timing control circuit pro-
vides an occurrence frequency signal to the polarity inver-
sion control circuit. Accordingly, the polarity inversion
control circuit performs a forced refresh with the same
polarity as an immediately preceding refresh. As a result, the
polarity bias value moves away from the limit, whereby the
need to perform a further limit refresh is eliminated, result-
ing in a decreased number of limit refreshes. Thus, the total
power consumption by refreshes during the limit refresh
period can be made lower than can be conventionally made.
[0050] In the third aspect of the present invention, when
determining whether to perform a refresh which involves no
polarity inversion, the number of receptions of the limit
refresh signal is directly compared to the threshold, and
therefore, there is no need to provide a counter for counting
the number of receptions of refresh signals, including the
forced refresh signal. This allows a simplified circuit con-
figuration of the timing control circuit, resulting in a reduced
cost of the liquid crystal display device.

[0051] In the fourth aspect of the present invention, the
liquid crystal display device uses the Y-frame register, the
threshold register, the limit counter, the refresh counter, and
the comparison circuit to determine whether to perform a
forced refresh which involves no polarity inversion, and
therefore, an erroneous determination which causes polarity
inversion, even though polarity inversion is unnecessary, is
less likely to occur. Thus, it is possible to inhibit power
consumption from increasing due to another limit refresh
being performed.
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[0052] 1In the fifth aspect of the present invention, the
refresh counter counts the number of receptions of the
forced refresh signal and the number of receptions of the
limit refresh signal and obtains a total number of receptions.
Thus, the occurrence frequency of the limit refresh can be
grasped more accurately.

[0053] In the sixth aspect of the present invention, when
the occurrence frequency of the limit refresh during a
Y-frame period, which is set to be a given period of time, is
greater than or equal to a predetermined threshold, a forced
refresh is performed without causing polarity inversion. As
a result, the polarity bias value moves away from the limit,
whereby the need to perform a further limit refresh is
eliminated, resulting in a decreased number of limit
refreshes. Thus, the total power consumption by refreshes
can be made lower than can be conventionally made.

[0054] In the seventh aspect of the present invention, the
timing control circuit, which determines whether to perform
a forced refresh which involves no polarity inversion, has a
simplified configuration when compared to the fourth and
fifth aspects of the present invention. Accordingly, even if
polarity inversion should be performed, a determination to
not cause polarity inversion might be made, resulting in an
increased number of limit refreshes and hence increased
power consumption, but the cost of producing the liquid
crystal display device can be kept low.

[0055] In the eighth aspect of the present invention, upon
each provision of a vertical synchronization signal, the
polarity bias value held in the balance counter is incre-
mented or decremented by “1” as specified by a polarity
signal. Thus, the polarity bias management circuit can
reliably count the polarity bias value corresponding to
charge polarization caused in the pixel forming portion.

[0056] In the ninth aspect of the present invention, the
positive gamma circuit, which generates positive image
data, and the negative gamma circuit, which generates
negative image data, are provided so as to be selectable by
the selector. Therefore, focusing on one pixel forming por-
tion to which positive image data is provided, input image
data is provided to the positive gamma circuit so as to
perform control such that the polarity bias value increases,
or input image data is provided to the negative gamma
circuit so as to perform control such that the polarity bias
value decreases. Note that image data for one display screen
includes not only pieces of positive image data but also the
same number of pieces of negative image data. Accordingly,
focusing on another pixel forming portion to which negative
image data is provided, input image data is provided to the
negative gamma circuit so as to perform control such that the
polarity bias value increases, or input image data is provided
to the positive gamma circuit so as to perform control such
that the polarity bias value decreases. As a result, in either
case, a polarity bias of the voltage applied to the liquid
crystal layer can match the polarity bias value managed by
the polarity bias management circuit.

[0057] In the tenth aspect of the present invention, image
data transmitted from the host is stored to the frame memory,
and can be read out by providing a readout signal to the
frame memory when a refresh signal is outputted by the
timing control circuit. Thus, the image data can be read out
from the frame memory at the time of updating the image
displayed on the display portion, with the result that that the
image updating can be performed readily.
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[0058] 1In the eleventh aspect of the present invention,
each pixel forming portion of the liquid crystal display
device, which is of an active matrix type, has a switching
element for which a thin-film transistor with a channel layer
formed with an oxide semiconductor is used. Accordingly,
the thin-film transistor has a significantly reduced off-leak-
age current, with the result that a voltage written in the pixel
capacitor in the pixel forming portion can be held for a long
period of time. Moreover, by applying an alternating-current
voltage to the liquid crystal layer, it is rendered possible to
reduce a polarity bias of the applied voltage by controlling
the drive portion after the time at which an off signal is
inputted. Thus, in the case where pause drive and low-
frequency drive are performed, it is possible to inhibit, for
example, the occurrence of flickering while significantly
reducing power consumption for image display.

[0059] In any of the twelfth through sixteenth aspects of
the present invention, by using thin-film transistors with
oxide semiconductor layers, it is rendered possible to main-
tain display quality while significantly decreasing the num-
ber of times the display panel is driven, as well as power
consumption by the display device.

[0060] The seventeenth aspect of the present invention
renders it possible to achieve effects similar to those
achieved by the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] FIG. 1 is a timing chart describing pause drive of
a liquid crystal display device.

[0062] FIG. 2 is a block diagram illustrating the configu-
ration of a liquid crystal display device according to a first
embodiment of the present invention.

[0063] FIG. 3 is a block diagram illustrating the configu-
ration of a display control portion included in the liquid
crystal display device in the present embodiment.

[0064] FIG. 4 is a diagram illustrating changes of a
polarity bias value for a conventional liquid crystal display
device where refreshes are repeated.

[0065] FIG. 5 is a diagram illustrating changes of the
polarity bias value for the liquid crystal display device
according to the first embodiment of the present invention
where a special refresh is performed.

[0066] FIG. 6 is a diagram illustrating power consumption
by a conventional liquid crystal display device.

[0067] FIG. 7 is a diagram illustrating power consumption
by the liquid crystal display device according to the first
embodiment of the present invention.

[0068] FIG. 8 is a block diagram illustrating the configu-
ration of a display control portion included in a liquid crystal
display device according to a second embodiment of the
present invention.

[0069] FIG. 9 is a diagram illustrating changes of a
polarity bias value for the liquid crystal display device
according to the second embodiment of the present inven-
tion where a special refresh is performed.

[0070] FIG. 10 is a block diagram illustrating the configu-
ration of a display control portion included in a liquid crystal
display device according to a third embodiment of the
present invention.

[0071] FIG. 11 is a diagram illustrating changes of a
polarity bias value for the liquid crystal display device
according to the third embodiment of the present invention
where a special refresh is performed.
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[0072] FIG. 12 is a diagram illustrating the structure of a
channel-etched TFT.

MODES FOR CARRYING OUT THE
INVENTION

0. Basic Study

[0073] The problem for the present invention, i.e., a biased
polarity of a voltage applied to a liquid crystal layer (also
referred to simply as a “polarity bias”), is caused by pause
drive, and therefore, pause drive will be described first. FIG.
1 is a timing chart describing pause drive of a liquid crystal
display device. In this example, a data voltage for one screen
is written during a frame period, and the writing of the data
voltage is paused during 59 subsequent frame periods. That
is, a display portion of the liquid crystal display device is
driven such that one refresh frame period alternates with 59
pause frame periods (pause drive periods). Accordingly, the
refresh rate is 1 Hz, and the refresh cycle is one second.
[0074] In this example, a data voltage to be written to a
pixel forming portion is inverted in polarity every refresh
frame period. In FIG. 1, voltage polarity A indicates the
polarity of a data voltage written to a pixel forming portion
(i.e., the voltage being held in a pixel capacitor within the
pixel forming portion), and voltage polarity B indicates the
polarity of a data voltage written to another pixel forming
portion during the same frame period. As can be appreciated
from voltage polarities A and B shown in FIG. 1, the data
voltage held in the pixel capacitor within each pixel forming
portion is inverted in polarity every second, and therefore, a
data voltage applied to a liquid crystal layer is also inverted
in polarity every second. Accordingly, the polarity inversion
cycle of the data voltage applied to the liquid crystal layer
(hereinafter referred to simply as the “inversion cycle”) is
considerably longer than one frame period (16.67 ms),
which is the inversion cycle for general liquid crystal display
devices in which no pause drive is performed.

[0075] The liquid crystal display device displays an image
by controlling the optical transmittance of the liquid crystal
layer through application of a voltage to the liquid crystal
layer. When the voltage applied to the liquid crystal layer
contains a direct-current component, charge accumulation
(also referred to as “charge polarization”) occurs due to
impurity ions being unevenly distributed in the liquid crystal
layer, resulting in display failures such as flickering and
afterimage. To inhibit the occurrence of such display fail-
ures, the liquid crystal display device performs alternating-
current drive. By performing alternating-current drive, the
voltage applied to the liquid crystal layer is inverted in
polarity every predetermined period (typically every frame
period), as in the case of voltage polarities A and B shown
in FIG. 1, so that the temporal average (or integral value) for
the voltage applied to the liquid crystal layer can be essen-
tially “0”.

[0076] Furthermore, the polarity bias refers to the differ-
ence between the sum of periods during which a positive
data voltage is held in a pixel forming portion and the sum
of periods during which a negative data voltage is held in the
pixel forming portion. For example, in the case where one
frame period is used as a unit to represent the degree of
polarity bias, the degree of polarity bias is expressed by the
difference between the sum of frame periods during which
a positive voltage is applied to a location on a liquid crystal
layer and the sum of frame periods during which a negative
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voltage is applied to the same location, and when the
difference is “07, it can be said that there is no polarity bias.
Note that “charge polarization” corresponds to “polarity
bias”, and both represent the same state.

1. First Embodiment

[0077] <l1.1 General Configuration and Operation Out-
line>
[0078] FIG. 2 is a block diagram illustrating the configu-

ration of a liquid crystal display device 100 according to a
first embodiment of the present invention. The liquid crystal
display device 100 includes a display control portion 200, a
drive portion 300, a gamma portion 400, and a display
portion 500. The drive portion 300 includes a source driver
310 serving as a data signal line driver circuit and a gate
driver 320 serving as a scanning signal line driver circuit.
The gamma portion 400 includes a positive gamma circuit
410, which outputs image data DV included in data DAT
transmitted from a host 90, to the source driver 310 as
positive image data DV, and a negative gamma circuit 420,
which outputs the image data DV to the source driver 310 as
negative image data DV. The display portion 500 includes a
liquid crystal panel, which may be integrally formed with
either the source driver 310 or the gate driver 320, or both.
The host 90, which is mainly composed of a CPU (central
processing unit), is provided outside the liquid crystal dis-
play device 100. The host 90 provides the liquid crystal
display device 100 with, for example, the data DAT, which
includes the image data DV, a command required for dis-
playing an image on the display portion 500, and an off-
sequence signal, which is given at the time of power off.

[0079] The display portion 500 has formed thereon a
plurality of data signal lines SL, a plurality of scanning
signal lines GL, and a plurality of pixel forming portions 10
disposed in a matrix corresponding to the data signal lines
SL and the scanning signal lines GL. For the sake of
convenience, FIG. 2 shows only one pixel forming portion
10 along with one data signal line SL and one scanning
signal line GL which correspond thereto. Each pixel forming
portion 10 includes a thin-film transistor (TFT) 11, which
has a gate terminal (also referred to as a “control terminal™)
connected to a corresponding scanning signal line GL and a
source terminal (also referred to as a “first conductive
terminal”) connected to a corresponding data signal line SL,
a pixel electrode 12 connected to a drain terminal (also
referred to as a “second conductive terminal”) of the TFT 11,
a common electrode 13 provided in common for the pixel
forming portions 10, and a liquid crystal layer provided in
common for the pixel forming portions 10 between the pixel
electrode 12 and the common electrode 13. Moreover, the
pixel electrode 12 and the common electrode 13 form a
liquid crystal capacitor, which is included in a pixel capaci-
tor Cp. Note that to reliably hold a voltage in the pixel
capacitor Cp, an auxiliary capacitor is typically provided in
parallel to the liquid crystal capacitor, and therefore, in
actuality, the pixel capacitor Cp includes the liquid crystal
capacitor and the auxiliary capacitor. Also, the TFT 11 is
simply required to be a TFT whose channel layer is made
with amorphous silicon, polycrystalline silicon, or an oxide
semiconductor. However, considering use in the liquid crys-
tal display device capable of pause drive, a low off-leakage
current is preferable, and therefore, the TFT whose channel
layer is made with an oxide semiconductor is most suitable.
Accordingly, the TFT whose channel layer is made with an
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oxide semiconductor is used in each embodiment of the
present invention, and will be described in detail later.

[0080] The display control portion 200 is typically real-
ized by an IC (integrated circuit). Upon reception of data
DAT, which includes image data DV representing an image
to be displayed, from the host 90, the display control portion
200 generates and outputs a source driver control signal Ssc,
a gate driver control signal Sgc, a common voltage signal,
etc. The source driver control signal Ssc is provided to the
source driver 310, the gate driver control signal Sgc is
provided to the gate driver 320, and the common voltage
signal is provided to the common electrode 13 provided in
the display portion 500. Note that the display control portion
200, the drive portion 300, and the gamma portion 400 in
FIG. 2 may be provided on one chip.

[0081] In response to the source driver control signal Ssc,
the source driver 310 generates and outputs a data voltage to
be provided to each data signal line SL, on the basis of
positive image data DV provided by the positive gamma
circuit 410 or negative image data DV provided by the
negative gamma circuit 420. The source driver control signal
Ssc includes, for example, a source start pulse signal, a
source clock signal, and a latch strobe signal. In accordance
with such a source driver control signal Ssc, the source
driver 310 generates the data voltage by activating unillus-
trated internal elements, such as a shift register and a
sampling latch circuit, and converting the image data DV
into an analog signal by means of an unillustrated D/A
conversion circuit. Moreover, the source driver 310 includes
an unillustrated amplifier for amplifying a positive data
voltage (referred to as a “positive amplifier”) and an unil-
lustrated amplifier for amplifying a negative data voltage
(referred to as a “negative amplifier”), and the data voltage
is amplified by an amplifier selected in accordance with the
polarity thereof and outputted to the display portion 500.

[0082] In response to the gate driver control signal Sgc,
the gate driver 320 repeats application of an active scanning
signal to each scanning signal line GL in a predetermined
cycle. The gate driver control signal Sge includes, for
example, a gate clock signal and a gate start pulse signal.
The gate driver 320 generates the scanning signal by acti-
vating an unillustrated shift register and other internal ele-
ments in accordance with the gate clock signal and the gate
start pulse signal.

[0083] In this manner, the data voltage is applied to each
data signal line SL, and the scanning signal is applied to each
scanning signal line GL, with the result that the image
represented by the image data DV, which is included in the
data DAT transmitted from the host 90, is displayed on the
display portion 500, i.e., the liquid crystal panel.

[0084] <I1.2 Configuration of the Display Control Portion>

[0085] FIG. 3 is a block diagram illustrating the configu-
ration of the display control portion 200 included in the
liquid crystal display device 100 in the present embodiment.
As shown in FIG. 3, the display control portion 200 includes
frame memory 210, a timing control circuit 230, a polarity
bias management circuit 250, a polarity inversion control
circuit 270, and a selector 220. Data DAT transmitted from
the host 90 includes image data DV, a control signals SC,
such as a vertical synchronization signal Vsync or a hori-
zontal synchronization signal Hsync, and a forced refresh
signal Sfrf for forcing an image refresh, such as a RAM
write signal Srw or an image update detection signal Svr.
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Such a refresh in accordance with the forced refresh signal
Sfrf is referred to as a “forced refresh” or an “intended
refresh”.

[0086] The frame memory 210 stores the image data DV
transmitted from the host 90, frame by frame. The timing
control circuit 230 provides a readout signal Srd to the frame
memory 210 at the same time as outputting a refresh signal
Sref, which will be described later, to the polarity bias
management circuit 250 and the polarity inversion control
circuit 270. As a result, the frame memory 210 outputs the
stored image data DV to the source driver 310 via the
selector 220 and the gamma portion 400. By providing the
frame memory 210, the image data DV can be read out from
the frame memory 210 at the time of updating the image
displayed on the display portion 500, with the result that
image updating can be performed readily. Note that during
a pause frame period, the display portion 500 continues to
display an image that is being displayed, and therefore, no
readout signal Srd is provided to the frame memory 210.
Moreover, in the present embodiment, the image data DV
transmitted from the host 90 is described as being tempo-
rarily stored in the frame memory 210, but the image data
DV may be provided directly from the host 90 to the selector
220 without being stored in the frame memory 210.
[0087] The timing control circuit 230 includes a Y-frame
register 231 for memorizing a given period of time (referred
to as a “Y-frame period”), a threshold register 232 for
memorizing a threshold of an occurrence rate R for a limit
refresh (unintended refresh), a limit counter 233 for counting
the number of limit refreshes during the Y-frame period, a
refresh counter 234 for counting the number of all refreshes
during the Y-frame period, and a comparison circuit 235 for
comparing the limit refresh occurrence rate R, which is
obtained on the basis of the number of limit refreshes
memorized by the limit counter 233 and the number of all
refreshes memorized by the refresh counter 234, and the
threshold memorized by the threshold register 232. Here, the
“Y-frame period” (where “Y” is an arbitrary positive inte-
ger) memorized by the Y-frame register 231 represents a
period extending back from a certain point in time, and the
period to be extended back increases as the value of “Y”
increases. Note that a specific example of the period speci-
fied by the Y-frame period in the present embodiment will be
described later.

[0088] The timing control circuit 230 performs a forced
refresh in accordance with the forced refresh signal Sfrf
transmitted from the host 90, and also performs a refresh on
the basis of a balance-limit-hit signal Sbh provided by the
polarity bias management circuit 250 as will be described
later. In the case of either refresh, the timing control circuit
230 outputs a refresh signal Sref to the polarity bias man-
agement circuit 250 and the polarity inversion control circuit
270. Moreover, upon each reception of the vertical synchro-
nization signal Vsync from the host 90, the timing control
circuit 230 outputs the received signal to the polarity bias
management circuit 250. Note that in some cases, the refresh
performed by the timing control circuit 230 on the basis of
the balance-limit-hit signal Sbh received from the polarity
bias management circuit 250 will also be referred to as the
“limit refresh” or “unintended refresh”, and the balance-
limit-hit signal Sbh will also be referred to as the “limit-hit
signal”.

[0089] The polarity bias management circuit 250 includes
a counter (referred to as a “balance counter”) 260 for holding
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a polarity bias value obtained on the basis of the vertical
synchronization signal Vsync provided by the timing control
circuit 230. The polarity bias value held in the balance
counter 260 is represented by the symbol “Nb”. Upon each
provision of the vertical synchronization signal Vsync from
the timing control circuit 230, the polarity bias management
circuit 250 adds or subtracts the number of receptions of the
vertical synchronization signal Vsync to or from the polarity
bias value Nb held in the balance counter 260, on the basis
of a polarity signal Spl to be described later. Whether to add
or subtract the number of receptions of the vertical synchro-
nization signal Vsync is determined by the polarity signal
Spl to be described later. More specifically, upon each
provision of the polarity signal Spl from the polarity inver-
sion control circuit 270, the polarity bias management
circuit 250 increments or decrements the polarity bias value
Nb stored in the balance counter 260 by “1”. As a result, the
polarity bias value Nb becomes “positive”, “0”, or “nega-
tive”. Such a polarity bias value Nb has preset limits (upper
and lower bounds), and when the polarity bias value Nb
reaches either the upper or lower bound, the polarity bias
management circuit 250 outputs the balance-limit-hit signal
Sbh to the timing control circuit 230.

[0090] Upon each reception of the balance-limit-hit signal
Sbh from the polarity bias management circuit 250, the
timing control circuit 230 causes each of the limit counter
233 and the refresh counter 234 to count and memorize the
number of receptions of the signal. Moreover, upon each
reception of the forced refresh signal Sfrf from the host 90,
the timing control circuit 230 causes the refresh counter 234
to count and memorize the number of receptions of the
signal. That is, the refresh counter 234 counts and memo-
rizes the total number of receptions of the balance-limit-hit
signal Sbh and the forced refresh signal Sfrf.

[0091] Upon each reception of the balance-limit-hit signal
Sbh from the polarity bias management circuit 250, the
timing control circuit 230 reads out the number of receptions
of the balance-limit-hit signal Sbh memorized by the limit
counter 233 and the total number of receptions of the
balance-limit-hit signal Sbh and the forced refresh signal
Sfrf memorized by the refresh counter 234, and obtains an
occurrence rate R by equation (1) as follows:

R=the number of receptions of the balance-limit-hit
signal/(the number of receptions of the balance-

limit-hit signal+the number of receptions of the
forced reftesh signal) [0y

[0092] Next, the occurrence rate R obtained by equation
(1) and the threshold stored in the threshold register 232 are
compared by the comparison circuit 235. As a result, when
the occurrence rate R is determined to be less than the
threshold, the timing control circuit 230 generates a refresh
signal Sref to update an image being displayed on the
display portion 500, and outputs the signal to the polarity
inversion control circuit 270 and the polarity bias manage-
ment circuit 250. On the other hand, when the occurrence
rate R is determined to be greater than or equal to the
threshold, the timing control circuit 230 generates and
outputs a refresh signal Sref to the polarity inversion control
circuit 270 and the polarity bias management circuit 250,
and further, outputs an occurrence frequency signal Sr,
which indicates the occurrence rate R, to the polarity inver-
sion control circuit 270. Accordingly, the case where the
occurrence rate R is determined to be less than the threshold
and the case where the occurrence rate R is determined to be
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greater than or equal to the threshold will be described
separately below. The following descriptions focus on one
pixel forming portion 10 to which positive image data is
inputted.

[0093] First, the case where the occurrence rate R is
determined to be less than the threshold will be described. In
this case, when a refresh signal Sref generated by the timing
control circuit 230 for a limit refresh is provided to the
polarity bias management circuit 250 and the polarity inver-
sion control circuit 270, a polarity signal Spl for inverting a
polarity with which an immediately preceding refresh has
been performed, is generated and outputted to the selector
220, the source driver 310, and the polarity bias manage-
ment circuit 250.

[0094] The selector 220 operates as below upon provision
of the polarity signal Spl from the polarity inversion control
circuit 270. Specifically, if the negative gamma circuit 420
was selected for the immediately preceding refresh, the
positive gamma circuit 410 is selected for the current limit
refresh, or if the positive gamma circuit 410 was selected for
the immediately preceding refresh, the negative gamma
circuit 420 is selected for the current refresh. As a result,
regardless of the polarity bias value Nb, if a positive data
voltage was generated for the previous refresh, a negative
data voltage is generated for the current refresh, or if a
negative data voltage was generated for the previous refresh,
a positive data voltage is generated for the current refresh.
[0095] The source driver 310 operates as below upon
provision of a polarity signal Spl from the polarity inversion
control circuit 270. Specifically. if the selector 220 selects
the positive gamma circuit 410, a positive data voltage is
generated, and therefore, the source driver 310 selects the
positive amplifier for amplifying the positive data voltage. If
the negative gamma circuit 420 is selected, a negative data
voltage is generated, and therefore, the source driver 310
selects the negative amplifier for amplifying the negative
data voltage. Accordingly, the positive data voltage is ampli-
fied by the positive amplifier, or the negative data voltage is
amplified by the negative amplifier, with the result that the
data voltage applied to the liquid crystal layer of the pixel
forming portion 10 has a polarity different from that of the
data voltage applied during the immediately preceding
refresh. Therefore, the data voltage applied to the liquid
crystal layer of the pixel forming portion 10 is inverted in
polarity relative to the data voltage applied for the previous
refresh. In this manner, a refresh which involves polarity
inversion is performed upon each provision of the balance-
limit-hit signal Sbh or the forced refresh signal Sfrf to the
timing control circuit 230.

[0096] In this case, when the polarity bias management
circuit 250 is provided with a vertical synchronization signal
Vsync by the timing control circuit 230 after the polarity
signal Spl is provided by the polarity inversion control
circuit 270, the polarity bias management circuit 250 oper-
ates as below. Specifically, in the case where the polarity
bias value Nb was incremented by “1” for the immediately
preceding refresh so as to approach “0”, when the vertical
synchronization signal Vsync is provided by the timing
control circuit 230 thereafter, the polarity bias value Nb is
decremented by “1” so as to be away from “0”. Also, in the
case where the polarity bias value Nb was decremented by
“1” for the immediately preceding refresh so as to be away
from “0”, when the vertical synchronization signal Vsync is
provided by the timing control circuit 230 thereafter, the
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polarity bias value Nb is incremented by “1” so as to
approach “0”. In this manner, the refresh is repeated with the
polarity being inverted alternatingly, with the result that the
polarity bias value repeats moving toward or alternatingly
away from “0” in units of “1”.

[0097] Described next is the case where the occurrence
rate R is determined to be greater than or equal to the
threshold. In this case, when a balance-limit-hit signal Sbh
is provided from the polarity bias management circuit 250 to
the timing control circuit 230, the timing control circuit 230
generates and provides a refresh signal Sref to the polarity
bias management circuit 250 and the polarity inversion
control circuit 270, and also provides an occurrence fre-
quency signal Sr to the polarity inversion control circuit 270.

[0098] Once the refresh signal Sref is provided to the
polarity bias management circuit 250, the polarity bias
management circuit 250 reads out the polarity bias value Nb
stored in the balance counter 260, and provides the polarity
bias value Nb to the polarity inversion control circuit 270. At
this time, the polarity inversion control circuit 270 has
already been provided with the occurrence frequency signal
Sr, the polarity inversion control circuit 270 determines
whether the polarity bias value Nb is “positive” or “nega-
tive”, and generates a polarity signal Spl so as to cause the
polarity bias value to approach “0”. The polarity signal Spl
thus generated is provided to the selector 220, the source
driver 310, and the polarity bias management circuit 250.

[0099] Upon provision of the polarity signal Spl from the
polarity inversion control circuit 270, the selector 220
selects the positive gamma circuit 410 or the negative
gamma circuit 420 in accordance with the polarity signal
Spl, such that the polarity bias value Nb approaches “0”.
That is, when the polarity bias value Nb is “positive”, the
negative gamma circuit 420 is selected, and when the
polarity bias value Nb is “negative”, the positive gamma
circuit 410 is selected. Accordingly, when the polarity bias
value Nb is “positive”, a negative data voltage is generated,
and when the polarity bias value Nb is “negative”, a positive
data voltage is generated.

[0100] Upon provision of the polarity signal Spl from the
polarity inversion control circuit 270, the source driver 310
selects the amplifier that matches the polarity of the data
voltage. Accordingly, the positive data voltage is amplified
by the positive amplifier, and the negative data voltage is
amplified by the negative amplifier. As a result, when the
polarity bias value Nb is “positive”, the negative data
voltage is applied to the liquid crystal layer of the pixel
forming portion 10, and when the polarity bias value Nb is
“negative”, the positive data voltage is applied to the liquid
crystal layer of the pixel forming portion 10.

[0101] When the polarity bias management circuit 250 is
provided with a vertical synchronization signal Vsync by the
timing control circuit 230 after the polarity signal Spl is
provided by the polarity inversion control circuit 270, the
polarity bias management circuit 250 increments or decre-
ments the polarity bias value Nb held in the balance counter
260 by 1, such that the polarity bias value Nb approaches
“0”. More specifically, when the polarity bias value Nb is
“positive”, a decrement of 1 is made, and when the polarity
bias value Nb is “negative”, an increment of “1” is made. As
a result, when the next forced refresh signal Sfrf is provided
by the host 90, the timing control circuit 230 generates and
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provides a refresh signal Sref to the polarity bias manage-
ment circuit 250 and the polarity inversion control circuit
270.

[0102] In this manner, focusing on one pixel forming
portion 10 to which positive image data is inputted, input
image data is provided to the positive gamma circuit 410 so
as to perform control such that the polarity bias value Nb
increases, or input image data is provided to the negative
gamma circuit 420 so as to perform control such that the
polarity bias value Nb decreases. However, image data for
one display screen includes not only pieces of positive
image data but also the same number of pieces of negative
image data. Accordingly, focusing on another pixel forming
portion 10 to which negative image data for the same display
screen is inputted, input image data is provided to the
negative gamma circuit 420 so as to perform control such
that the polarity bias value Nb increases, or input image data
is provided to the positive gamma circuit 410 so as to
perform control such that the polarity bias value Nb
decreases. As a result, in either case, a polarity bias of the
voltage applied to the liquid crystal layer can match the
polarity bias value Nb managed by the polarity bias man-
agement circuit 250.

[0103] The refreshing has been described with respect to
the limit refresh, which is performed when vertical synchro-
nization signals Vsync provided from the host 90 to the
polarity bias management circuit 250 are counted by the
balance counter 260 and the count value exceeds a limit.
However, in some cases, a forced refresh signal Sfrf for a
forced refresh (intended refresh) is provided from the host
90 to the timing control circuit 230. In the case of such a
forced refresh, the occurrence rate R that is greater than or
equal to the threshold is not obtained by equation (1).
Accordingly, as in the aforementioned case, the forced
refresh is performed by inverting a polarity with which an
immediately preceding refresh has been performed. There-
fore, any description about the operation of the display
control portion 200 for the forced refresh will be omitted.
[0104] Furthermore, high-frequency drive in which an
image is updated every frame period corresponds to the case
where the forced refresh is performed successively. Accord-
ingly, any description of the operation of the display control
portion 200 for high-frequency drive will also be omitted.
[0105] <1.3 Operation for Eliminating Polarity Bias>
[0106] The operation of the liquid crystal display device
100 according to the present embodiment for eliminating a
polarity bias due to refreshes will be described in compari-
son to the polarity bias due to refreshes in a conventional
liquid crystal display device. Accordingly, the polarity bias
in a conventional liquid crystal display device will be
described first.

[0107] <1.3.1 Conventional Liquid Crystal Display
Device>
[0108] FIG. 4 is a diagram illustrating changes of the

polarity bias value Nb for a conventional liquid crystal
display device where refreshes are repeated. Note that in
FIG. 4, forced refreshes are represented by black circles, and
limit refreshes are represented by white circles.

[0109] Three periods T1 to T3 shown in FIG. 4 denote a
high-frequency drive period T1, a pause frame period T2,
and a limit refresh period T3, respectively. In the high-
frequency drive period T1, polarity inversion occurs every
frame period by means of high-frequency drive, so that the
polarity bias value Nb is alternatingly incremented and
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decremented by “1” around “0”. In the pause frame period
T2, the polarity bias value Nb continues to be more negative
by means of pause drive.

[0110] Described next is the limit refresh period T3. When
the polarity bias value Nb reaches a lower bound preset in
the threshold register 232 of the polarity bias management
circuit 250 at time t0, the polarity bias management circuit
250 provides a balance-limit-hit signal Sbh to the timing
control circuit 230 in order to perform a limit refresh. Upon
reception of the balance-limit-hit signal Sbh, the timing
control circuit 230 generates and outputs a refresh signal
Sref to the polarity inversion control circuit 270 and the
polarity bias management circuit 250. Accordingly, a limit
refresh is performed, with the result that data voltage held in
each pixel forming portion 10 is rewritten such that the
polarity thereof is inverted to positive.

[0111] At time t1, to perform a forced refresh in accor-
dance with a forced refresh signal Sfrf provided by the host
90, the timing control circuit 230 generates and provides a
refresh signal Sref to the polarity inversion control circuit
270 and the polarity bias management circuit 250. As a
result, a data voltage whose polarity has been inverted to
negative in conformity with image data DV is written to the
pixel forming portion 10.

[0112] At time t2, the polarity bias value Nb reaches the
preset lower bound, and therefore, the polarity bias man-
agement circuit 250 outputs a balance-limit-hit signal Sbh to
the timing control circuit 230 in order to perform a limit
refresh. The timing control circuit 230 generates and outputs
a refresh signal Sref to the polarity inversion control circuit
270 and the polarity bias management circuit 250. Accord-
ingly, a limit refresh is performed, with the result that the
data voltage held in each pixel forming portion 10 is
rewritten such that the polarity thereof is inverted to posi-
tive.

[0113] Thereafter, the forced refresh and the limit refresh
repeatedly alternate with each other at times in a similar
manner. As a result, for example, if the limit refresh is
performed six times, the forced refresh is performed five
times, so that the number of refreshes totals to 11.

[0114] <1.3.2 Liquid Crystal Display Device According to
the Present Embodiment>

[0115] FIG. 5 is a diagram illustrating changes of the
polarity bias value Nb for the liquid crystal display device
100 according to the present embodiment where a special
refresh is performed. Note that in FIG. 5, forced refreshes
(intended refreshes) and limit refreshes (unintended
refreshes) are represented by black circles and white circles,
respectively, as in FIG. 4, and a special refresh is represented
by a star symbol. Moreover, three periods T1 to T3 denote
a high-frequency drive period, a pause frame period, and a
limit refresh period, respectively, and of the three periods,
the high-frequency drive period T1 and the pause frame
period T2 are the same as in the case of the conventional
liquid crystal display device described above, therefore, any
descriptions thereof will be omitted. Note that the special
refresh will be described later.

[0116] Furthermore, in the present embodiment, the
Y-frame period, which represents a given period of time, is
set in the Y-frame register 231. The Y-frame period repre-
sents a period of time for which to determine whether to
perform polarity inversion by a forced refresh, and the
period extends back from the final determination point (in
FIG. 5, time t4) to a certain point in time. In this case, the
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liquid crystal display device 100 determines whether to
perform a special refresh, during the period defined by the
Y-frame period.

[0117] At time t0 of the limit refresh period T3, the
polarity bias value Nb reaches a preset lower bound, and the
polarity bias management circuit 250 outputs a balance-
limit-hit signal Sbh to the timing control circuit 230. Upon
reception of the balance-limit-hit signal Shh, the timing
control circuit 230 generates and provides a refresh signal
Sref to the polarity inversion control circuit 270 and the
polarity bias management circuit 250. Accordingly, a limit
refresh, which involves polarity inversion, is performed,
with the result that a data voltage held in each pixel forming
portion 10 is rewritten such that the polarity thereof is
inverted to positive.

[0118] At this time, the timing control circuit 230 obtains
an occurrence rate R of the limit refresh by assigning a count
value in the limit counter 233, which counts the number of
receptions of the balance-limit-hit signal Sbh, and a count
value in the refresh counter 234, which counts the number
of receptions of the forced refresh signal Sfrf and the
balance-limit-hit signal Sbh, to equation (1), and the timing
control circuit 230 compares the occurrence rate R and a
threshold preset in the threshold register 232 (in the present
embodiment, 60%). In the present embodiment, both the
count value in the refresh counter 234 and the count value
in the limit counter 233 are 1, and therefore, the occurrence
rate R is 50% as obtained by equation (1). On the other hand,
the threshold in the threshold register 232 is 60%. Accord-
ingly, the occurrence rate R is determined to be less than the
threshold, and the timing control circuit 230 simply outputs
a refresh signal Sref but no occurrence frequency signal Sr.
[0119] Upon provision of the forced refresh signal Sfrf
from the host 90 at time t1, the timing control circuit 230
generates a refresh signal Sref for a forced refresh on the
basis of image data DV transmitted from the frame memory
210, and provides the generated signal to the polarity
inversion control circuit 270 and the polarity bias manage-
ment circuit 250, Accordingly, a forced refresh which
involves polarity inversion is performed, with the result that
a negative data voltage in conformity with the image data
DV is written to the pixel forming portion 10. At this time,
the polarity bias management circuit 250 decrements the
polarity bias value Nb held in the balance counter 260 by “1”
on the basis of a polarity signal Spl.

[0120] At time t2, the polarity bias value Nb reaches the
preset lower bound, and then, the polarity bias management
circuit 250 outputs a balance-limit-hit signal Sbh to the
timing control circuit 230. Upon reception of the balance-
limit-hit signal Sbh, the timing control circuit 230 generates
and provides a refresh signal Sref to the polarity inversion
control circuit 270 and the polarity bias management circuit
250. Accordingly, a limit refresh, which involves polarity
inversion, is performed, with the result that the data voltage
held in each pixel forming portion 10 is rewritten such that
the polarity thereof is inverted to positive.

[0121] At this time, the timing control circuit 230 obtains
an occurrence rate R of the limit refresh by assigning a count
value in the limit counter 233, which counts the number of
receptions of the balance-limit-hit signal Sbh, and a count
value in the refresh counter 234, which counts the number
of receptions of the forced refresh signal Sfrf and the
balance-limit-hit signal Sbh, to equation (1), and then, the
timing control circuit 230 compares the occurrence rate R
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and the preset threshold in the threshold register 232. In the
present embodiment, the count values in the refresh counter
234 and the limit counter 233 are “3” and “2”, respectively,
and therefore, the occurrence rate R is about 67% as
obtained by equation (1). On the other hand, the threshold in
the threshold register 232 is 60%. Therefore, the occurrence
rate R is determined to be greater than or equal to the
threshold, and the timing control circuit 230 generates a
refresh signal Sref and an occurrence frequency signal Sr.
Thereafter, the refresh signal Sref is outputted to the polarity
bias management circuit 250 and the polarity inversion
control circuit 270, and the occurrence frequency signal Sr
is outputted to the polarity inversion control circuit 270.

[0122] Upon provision of the forced refresh signal Sfrf
from the host 90 at time t3, the timing control circuit 230
generates a refresh signal Sref on the basis of image data DV
transmitted from the frame memory 210, and provides the
generated signal to the polarity inversion control circuit 270
and the polarity bias management circuit 250. In this case,
on the basis of the occurrence frequency signal Sr provided
by the timing control circuit 230 at time t2, the polarity
inversion control circuit 270 performs a forced refresh
which involves no polarity inversion. Such a forced refresh
which involves no polarity inversion is referred to as a
“special refresh”. The polarity inversion control circuit 270
generates a polarity signal Spl for a special refresh, and
provides the generated signal to the selector 220, the source
driver 310, and the polarity bias management circuit 250.
Since the limit refresh at time t2 is a positive refresh, the
selector 220 selects the positive gamma circuit 410 in
accordance with the polarity signal Spl, and the source
driver 310 amplifies the data voltage by means of the
positive amplifier. As a result, at time t3, as at time t2, a
positive data voltage in conformity with the image data DV
is written to the pixel forming portion 10. Moreover, the
polarity bias management circuit 250 increments the polarity
bias value Nb by “1” on the basis of the polarity signal Spl.

[0123] Upon provision of a forced refresh signal Sfrf from
the host 90 at time t4, the timing control circuit 230
generates a refresh signal Sref on the basis of image data DV
transmitted from the frame memory 210, and provides the
generated signal to the polarity inversion control circuit 270
and the polarity bias management circuit 250. Accordingly,
a forced refresh which involves polarity inversion is per-
formed, with the result that a negative data voltage in
conformity with the image data DV is written to the pixel
forming portion 10. At this time, the polarity bias manage-
ment circuit 250 decrements the polarity bias value Nb held
in the balance counter 260 by “1” on the basis of the polarity
signal Spl.

[0124] Upon provision of a forced refresh signal Sfrf from
the host 90 at time t5, the timing control circuit 230
generates a refresh signal Sref on the basis of image data DV
transmitted from the frame memory 210, and provides the
generated signal to the polarity inversion control circuit 270
and the polarity bias management circuit 250. Accordingly,
a forced refresh which involves polarity inversion is per-
formed, with the result that a positive data voltage in
conformity with the image data DV is written to the pixel
forming portion 10, and at the same time as the writing, the
polarity bias value Nb held in the balance counter 260 is
incremented by “17. At time t6. similarly, a forced refresh
which involves polarity inversion is performed, with the
result that a data voltage in conformity with negative image
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data DV is written to the pixel forming portion 10, and at the
same time as the writing, the polarity bias value Nb held in
the balance counter 260 is decremented by “1”. In this
manner, the special refresh is performed at time t3, therefore,
from time t4 onward, no limit refresh is performed, and only
forced refreshes are performed.

[0125] <1.4 Power Consumption>

[0126] Power consumed by refreshes in the liquid crystal
display device 100 according to the present embodiment will
be described in comparison to power consumed by refreshes
in a conventional liquid crystal display device. Accordingly,
power consumed by refreshes in a conventional liquid
crystal display device will be described first.

[0127] <l1.4.1 Conventional Liquid Crystal Display
Device>
[0128] FIG. 6 is a diagram illustrating power consumption

by a conventional liquid crystal display device. As shown in
FIG. 6, four forced refreshes are performed in short cycles
from time t1 to time t4 during a high-frequency drive period
T1, and power is thereby consumed at each time. During the
following pause frame period 12, pause drive is performed,
and therefore, no power is consumed for a refresh.

[0129] During a limit refresh period T3, the forced refresh
and the limit refresh alternate with each other. For example,
in the case shown in FIG. 6, six limit refreshes are performed
while five forced refreshes are performed, and therefore, the
number of refreshes performed totals to 11. Accordingly,
power is consumed in each drive period from the initial
forced refresh at time t0 to the last forced refresh at time t10.
Therefore, the total power consumption from time t0 to time
t10 during the limit refresh period T3 is significant.

[0130] <I1.4.2 Liquid Crystal Display Device According to
the Present Embodiment>

[0131] FIG. 7 is a diagram illustrating power consumption
by the liquid crystal display device 100 according to the
present embodiment. A high-frequency drive period T1
shown in FIG. 7 represents a period extending back from the
final determination point (in FIG. 7, time t4) to a certain
point in time. In this case, the liquid crystal display device
100 determines whether to perform a special refresh, during
a period of time defined by the Y-frame period. Power
consumption during a pause frame period T2 is the same as
in the case shown in FIG. 6, and therefore, any description
thereof will be omitted.

[0132] Next, from time t0 to time t3 during a limit refresh
period T3, the limit refresh alternates with the forced refresh
in short cycles of drive period, starting with a limit refresh
at time t0 and ending with a special refresh at time t3, and
therefore, power is consumed by a refresh in each drive
period, as in the case shown in FIG. 6.

[0133] However, a special refresh, which involves no
polarity inversion, is performed at time t3, so that the
polarity bias value Nb does not reach a lower bound from
time t4 onward, and therefore, no limit refresh is performed
thereafter. Accordingly, power to perform a limit refresh is
not required. Moreover, power to perform refreshes is still
required for forced refreshes from time t4 onward, but the
cycle of inversion is longer, and power to perform a refresh
is not required in the latter portion of each cycle of inversion.
Thus, the liquid crystal display device 100 renders it pos-
sible to reduce power consumption during the limit refresh
period T3 when compared to conventional liquid crystal
display devices.
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[0134] <I.5 Effects>
[0135] In the liquid crystal display device 100 according
to the present embodiment, for example, when five forced
refreshes are performed, a special refresh, which involves no
polarity inversion, is performed, provided that the occur-
rence rate R of the limit refresh during a Y-frame period,
which is set to be a given period of time, is greater than or
equal to a predetermined threshold. As a result, the polarity
bias value Nb moves away from the lower bound or the
limit, and never reaches the lower bound.
[0136] Accordingly, it is unnecessary to perform a further
limit refresh, so that the number of limit refreshes can be
diminished. Thus, the total power consumption by refreshes
during the limit refresh period T3 can be lower than is
conventionally required.
[0137] Furthermore, the liquid crystal display device 100
determines whether to perform a special refresh using the
Y-frame register 231, the threshold register 232, the limit
counter 233, the refresh counter 234, and the comparison
circuit 235, and therefore, an erroneous determination which
causes polarity inversion, even though polarity inversion is
unnecessary, is less likely to occur. Thus, it is possible to
inhibit power consumption from increasing due to another
limit refresh being performed.
[0138] <l1.6 Variants>
[0139] In the first embodiment, the threshold set in the
threshold register 232 is 60%, but the threshold may be
higher or lower. Increasing the threshold can delay the time
to perform the ispecial refresh, whereas decreasing the
threshold can expedite the time to perform the special
refresh.
[0140] Furthermore, in the first embodiment, the occur-
rence rate R is obtained by equation (1). However, the
occurrence rate R may be obtained, for example, by equation
(2) below or by another method.

R=the number of receptions of the balance-limit-hit

signal/the number of receptions of the forced
refresh signal 2

Note that in the above variant, unlike in the first embodi-
ment, the refresh counter 234 counts the number of recep-
tions of the forced refresh signal.

2. Second Embodiment

[0141] The configuration of a liquid crystal display device
according to a second embodiment is the same as that of the
liquid crystal display device 100 according to the first
embodiment shown in FIG. 2, and therefore, any block
diagram illustrating the configuration and any description
thereof will be omitted. FIG. 8 is a block diagram illustrating
the configuration of a display control portion 201 included
in the liquid crystal display device according to the second
embodiment of the present invention. As shown in FIG. 8,
the display control portion 201 in the present embodiment
has almost the same configuration as the display control
portion 200 in the first embodiment shown in FIG. 3, but is
different in the configuration of the timing control circuit
280. Accordingly. the configuration of the timing control
circuit 280 will be described while any descriptions of the
configurations of the other elements will be omitted.

[0142] In the present embodiment, whether to perform a
special refresh as a forced refresh is determined by the
number of occurrences of the limit refresh, rather than by the
occurrence rate R of the limit refresh, as will be described
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later. Accordingly, the timing control circuit 280 does not
need the refresh counter 234 included in the timing control
circuit 230 shown in FIG. 3. Moreover, the threshold register
232 has memorized therein a threshold of the number of
occurrences, rather than a threshold of the occurrence rate R.
Therefore, as shown in FIG. 9. for example, the Y-frame
period represents a period extending back from time t4 to a
point in time within a pause frame period T2. In this case,
the liquid crystal display device 100 determines whether to
perform a special refresh, during the period defined by the
Y-frame period. Note that the threshold register 232 in the
present embodiment is assumed to have memorized, for
example, “2” therein as the threshold of the number of
occurrences, but the special refresh can be performed during
the period defined by the Y-frame period if the memorized
number of occurrences is from 1 to 5.

[0143] <2.1 Operation of Eliminating the Polarity Bias>
[0144] FIG. 9 is a diagram illustrating changes of the
polarity bias value Nb for the liquid crystal display device
100 according to the present embodiment where a special
refresh is performed. In FIG. 9, as in the case shown in FIG.
5, periods T1 to T3 represent the high-frequency drive
period, the pause frame period, and the limit refresh period,
respectively, and also, the Y-frame period is set.

[0145] The high-frequency drive period T1 and the pause
frame period T2 are the same as those in the first embodi-
ment, and therefore, any descriptions thereof will be omit-
ted. The limit refresh period T3 will now be described. At
time t0, the polarity bias value Nb reaches a lower bound,
and the timing control circuit 280 receives a balance-limit-
hit signal Sbh from the polarity bias management circuit
250, and then generates and provides a refresh signal Sref to
the polarity inversion control circuit 270 and the polarity
bias management circuit 250. At this time, the timing control
circuit 280 compares a count value in the limit counter 233,
which counts the number of receptions of the balance-limit-
hit signal Sbh, i.e., the number of occurrences of the limit
refresh, and a threshold of the number of occurrences of the
limit refresh, which is preset in the threshold register 232. In
this case, the number of occurrences of the limit refresh is
“1”, and the threshold of the number of occurrences is “2”.
Accordingly, the timing control circuit 280 compares the
number of occurrences of the limit refresh and the threshold
by means of the comparison circuit 235, determines that the
number of occurrences of the limit refresh is less than the
threshold, and simply outputs a refresh signal Sref. Accord-
ingly, a limit refresh, which involves polarity inversion, is
performed, with the result that a data voltage held in each
pixel forming portion 10 is rewritten such that the polarity
thereof is inverted to positive.

[0146] Upon provision of a forced refresh signal Sfrf from
the host 90 at time t1, a forced refresh is performed on the
basis of image data DV transmitted from the frame memory
210. Accordingly, at time tl, the forced refresh causes
polarity inversion, with the result that a negative data
voltage in conformity with the image data DV is written to
the pixel forming portion 10. At this time, the polarity bias
management circuit 250 increments the polarity bias value
Nb held in the balance counter 260 by “1” on the basis of a
polarity signal Spl generated at time to.

[0147] When the polarity bias value Nb reaches a preset
lower bound at time t2, the polarity bias management circuit
250 outputs a balance-limit-hit signal Sbh to the timing
control circuit 280. Upon reception of the balance-limit-hit
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signal Sbh, the timing control circuit 280 generates and
provides a refresh signal Sref to the polarity inversion
control circuit 270 and the polarity bias management circuit
250.

[0148] At this time, the timing control circuit 280 com-
pares a count value in the limit counter 233, which counts
the number of receptions of the balance-limit-hit signal Sbh,
and a threshold of the number preset in the threshold register
232. In the present embodiment, the count value of the limit
counter 233 is “2”, and the threshold of the number of
occurrences in the threshold register 232 is “2”. Accord-
ingly, the count value in the limit counter 233 is determined
to be greater than or equal to the threshold, and therefore, the
timing control circuit 230 generates a refresh signal Sref and
an occurrence frequency signal Sr. Thereafter, the refresh
signal Sref is outputted to the polarity bias management
circuit 250 and the polarity inversion control circuit 270, and
the occurrence frequency signal Sr is outputted to the
polarity inversion control circuit 270. Accordingly, a limit
refresh, which involves polarity inversion, is performed,
with the result that a data voltage held in each pixel forming
portion 10 is rewritten such that the polarity thereof is
inverted to positive. Moreover, the polarity bias manage-
ment circuit 250 decrements the polarity bias value Nb held
in the balance counter 260 by “1” on the basis of a polarity
signal Spl generated at time t1.

[0149] Upon provision of a forced refresh signal Sfrf from
the host 90 at time t3, a forced refresh is performed on the
basis of image data DV transmitted from the frame memory
210. In this case, the occurrence frequency signal Sr is
provided to the polarity inversion control circuit 270 at time
t2 as a result of the number of occurrences of the limit
refresh being determined to be greater than or equal to the
threshold. Accordingly, at time t3, unlike at time t1, the
polarity of a data voltage held in each pixel forming portion
is not inverted, and a special refresh for positive polarity is
performed, with the result that a positive data voltage in
conformity with the image data DV is written to the pixel
forming portion 10.

[0150] Since the special refresh for positive polarity is
performed at time t3, the polarity bias value Nb is incre-
mented by “1” at time t4. As a result, the polarity bias value
Nb approaches “0” away from the lower bound. Accord-
ingly, even if forced refreshes for negative and positive
polarities are performed alternatingly from time t4 to time
6, the polarity bias value Nb does not reach the lower
bound. Therefore, forced refreshes for negative and positive
polarities are performed alternatingly from time t4 to time
t6, so that negative and positive data voltages are written
alternatingly to the pixel forming portion 10 in accordance
with the image data DV.

[0151] <2.2 Power Consumption>

[0152] In the present embodiment, as in the first embodi-
ment, when a special refresh is performed at time t3 during
the limit refresh period T3, the polarity bias value Nb
approaches “0”. Accordingly, no limit refresh is performed
from time t4 onward, resulting in a longer inversion cycle of
the forced refresh. Therefore, as in the first embodiment
shown in FIG. 7, power to perform a limit refresh is not
required in the latter portion of the inversion cycle of the
forced refresh from time t3 to time t6. Thus, the liquid
crystal display device according to the present embodiment
also renders it possible to reduce power consumption when
compared to conventional liquid crystal display devices.
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[0153] <2.3 Effects>

[0154] The liquid crystal display device according to the
present embodiment renders it possible to achieve effects
similar to those achieved by the first embodiment. Moreover,
to determine whether to perform a special refresh, the
number of receptions of the limit refresh signal is directly
compared with the threshold thereof, and therefore, unlike in
the first embodiment, the refresh counter 234 is unnecessary.
Thus, the circuit configuration of the timing control circuit
280 can be simplified, resulting in a reduced cost of pro-
ducing the liquid crystal display device.

[0155] <2.4 Variants>

[0156] In the above embodiment, when the polarity bias
value reaches the lower bound for the second time at time t2,
the occurrence frequency signal Sr is generated and pro-
vided to the polarity inversion control circuit 270, thereby
performing a limit refresh, and then at time t3, a special
refresh, which involves no polarity inversion, is performed
as a forced refresh. However, this is illustrative, and by
changing the threshold of the number of occurrences of the
limit refresh, which is set in the threshold register 232, the
threshold of the number of occurrence of the limit refresh,
which is used to determine whether to perform a special
refresh, can be changed to an arbitrary value. In this case, it
is necessary to adjust the period that is set as the Y-frame
period in accordance with the threshold of the number of
occurrence.

3. Third Embodiment

[0157] The configuration of a liquid crystal display device
according to a third embodiment is the same as that of the
liquid crystal display device 100 according to the first
embodiment shown in FIG. 2, and therefore, any block
diagram illustrating the configuration and any description
thereof will be omitted. FIG. 10 is a block diagram illus-
trating the configuration of a display control portion 202
included in the liquid crystal display device according to the
third embodiment of the present invention. As shown in FIG.
10, the display control portion 202 in the present embodi-
ment has almost the same configuration as the display
control portion 200 in the first embodiment shown in FIG.
3, but is different in the configuration of a timing control
circuit 290. Accordingly, the configuration of the timing
control circuit 290 will be described while any descriptions
of the configurations of the other elements will be omitted.
[0158] In the present embodiment, whether to perform a
special refresh is determined depending on whether the
polarity bias value Nb reaches a lower bound within a
predetermined period of time (referred to as a “Z-frame
period”), as will be described later. The timing control
circuit 290 includes a Z-frame register 237 for memorizing
the Z-frame period and an NREF counter 236 for counting
the number of frames during which no refresh is performed.
When the number of frames during which no refresh is
performed, counted by the NREF counter 236, reaches a
prescribed value, the liquid crystal display device performs
a refresh (referred to as a “regular refresh”) even when no
image data DV is provided by the host 90. Note that other
registers, counters, etc., provided in the timing control
circuits 230 and 280 in the first and second embodiments are
not provided.

[0159] Next, the Z-frame period will be described. The
“Z” of the Z-frame period, as with the “Y” of the Y-frame
period, represents a positive integer, the period varies
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depending on the value of 7, and the greater the value of Z,
the longer the period. The Y-frame period represents a period
extending back from a given point in time, but the Z-frame
period represents a period extending forward from the time
immediately after the initial limit refresh. The time of the
initial limit refresh is not included in the Z-frame period, and
when a limit refresh is performed, even if only once, during
the Z-frame period, a special refresh is performed, and
therefore, the threshold register 232, the limit counter 233,
the refresh counter 234, and the comparison circuit 235
included in the timing control circuits 230 and 280 in the
first and second embodiments are not included.

[0160] <3.1 Operation of Eliminating the Polarity Bias>
[0161] FIG. 11 is a diagram illustrating changes of the
polarity bias value Nb for the liquid crystal display device
according to the present embodiment where a special refresh
is performed. In FIG. 11, as in the case shown in FIG. 5,
three periods T1 to T3 denote the high-frequency drive
period, the pause frame period, and the limit refresh period.
[0162] As shown in FIG. 11, at time t0, the polarity bias
value Nb reaches a lower bound, so that the timing control
circuit 290 generates and provides a refresh signal to the
polarity inversion control circuit 270 and the polarity bias
management circuit 250. Accordingly, a limit refresh, which
involves polarity inversion, is performed, with the result that
a data voltage held in each pixel forming portion 10 is
rewritten such that the polarity thereof is inverted to posi-
tive. Note that in the present embodiment, the initial limit
refresh is performed at time t0, and therefore, time t0 is not
included in the Z-frame period, which is set to be a period
extending forward from a point in time immediately after
time t0 to time t6.

[0163] Upon provision of a forced refresh signal Sfrf from
the host 90 at time t1, a forced refresh is performed on the
basis of image data DV transmitted from the frame memory
210. Moreover, the limit refresh at time t0 is not a refresh
during the Z-frame period. Accordingly, the forced refresh
performed at time tl1 involves polarity inversion, so that a
data voltage in conformity with negative image data DV is
written to the pixel forming portion 10. Moreover, no
occurrence frequency signal Sr is provided to the polarity
inversion control circuit 270 at time t0, and therefore, the
polarity bias value Nb in the balance counter 260 is decre-
mented by “1” so as to move away from “0”.

[0164] When the polarity bias value Nb reaches the preset
lower bound for the first time at time t2, the polarity bias
management circuit 250 outputs a balance-limit-hit signal
Sbh to the timing control circuit 280. Upon reception of the
balance-limit-hit signal Sbh, the timing control circuit 280
generates and provides a refresh signal Sref to the polarity
inversion control circuit 270 and the polarity bias manage-
ment circuit 250, and also outputs an occurrence frequency
signal Sr to the polarity inversion control circuit 270.
Accordingly, a limit refresh, which involves polarity inver-
sion, is performed, with the result that a data voltage held in
each pixel forming portion 10 is rewritten such that the
polarity thereof is inverted to positive. Moreover, since the
forced refresh is performed at time t1, polarity inversion
occurs, and the polarity bias value Nb in the balance counter
260 is incremented by “1” so as to approach “0”.

[0165] Upon provision of a forced refresh signal Sfrf from
the host 90 at time t3, a special refresh is performed on the
basis of image data DV transmitted from the frame memory
210. In this case, the occurrence frequency signal Sr gen-
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erated by the timing control circuit 290 at time (2 has already
been provided to the polarity inversion control circuit 270.
Accordingly, at time t3, unlike at time tl, the polarity
inversion control circuit 270 generates a polarity signal Spl
on the basis of the occurrence frequency signal Sr, and
outputs the generated signal to the selector, the source driver,
and the polarity bias management circuit 250. Therefore, the
polarity of a positive data voltage held in each pixel forming
portion 10 is not inverted, and a special refresh, which
involves no polarity inversion, is performed, with the result
that a data voltage in conformity with the positive image
data DV is written to the pixel forming portion 10. More-
over, the polarity bias value Nb in the balance counter 260
is incremented by “1” so as to approach “0”.

[0166] Since the special refresh for positive polarity is
performed without causing polarity inversion at time t3, the
polarity bias value Nb does not reach the lower bound even
if forced refreshes for negative and positive polarities are
performed alternatingly from time t4 to time t6. Thus, from
time t4 to time 16, the polarity of the data voltage held in
each pixel forming portion 10 is inverted alternatingly, and
forced refreshes for negative and positive polarities are
performed alternatingly.

[0167] <3.2 Power Consumption>

[0168] In the present embodiment, as in the first embodi-
ment, when a special refresh is performed at time 3 during
the limit refresh period T3, no limit refresh is performed
thereafter, resulting in a longer cycle of the forced refresh.
Accordingly, as in the first embodiment, power to perform a
refresh is not required in the latter portion of each inversion
cycle of the forced refresh. Thus, the liquid crystal display
device 100 renders it possible to reduce power consumption
when compared to conventional liquid crystal display
devices.

[0169] <3.3 Effects>

[0170] The liquid crystal display device according to the
present embodiment renders it possible to achieve effects
similar to those achieved by the first embodiment. Moreover,
the Y-frame register 231, the threshold register 232, the limit
counter 233, the refresh counter 234, and the comparison
circuit 235 provided in the timing control circuit 230 in the
first embodiment are not required in determining whether to
perform a special refresh, and therefore, erroneous determi-
nations might be made to perform polarity inversion by
mistake even when inversion should not be performed, and
vice versa. This might increase the number of limit
refreshes, resulting in increased power consumption, but the
configuration of the timing control circuit 230 can be
simplified, whereby the cost of producing the liquid crystal
display device can be kept low.

[0171] <3.3 Variants>

[0172] In the above embodiment, when the polarity bias
value Nb reaches the lower bound for the first time during
the Z-frame period, the timing control circuit 290 generates
and outputs the occurrence frequency signal Sr to the
polarity inversion control circuit 270 in order to perform the
special refresh, which involves no polarity inversion, as the
next forced refresh. However, this is illustrative, and the
special refresh may be performed, for example, when the
polarity bias value Nb reaches the lower bound for the
second or third times or more during the Z-frame period. In
this case, it is necessary to additionally provide the timing
control circuit 290 with a limit counter for counting the
number of limit refreshes.
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4. Variant Common Among the Embodiments

[0173] In each of the embodiments, the limit that the
polarity bias value Nb reaches during the limit refresh period
T3 has been described as being the lower bound. However,
the present invention can be similarly applied even when the
limit that the polarity bias value Nb reaches is the upper
bound.

5. TFT in the Pixel Forming Portion

[0174] Hereinafter, the TFT included in the pixel forming
portion of the liquid crystal display device according to each
of the embodiments of the present invention will be
described. The TFT 11 included in the pixel forming portion
10, as shown in FIG. 2, may be a channel-etched or an
etch-stop TFT with an oxide semiconductor layer. The oxide
semiconductor layer may be formed with an indium gallium
zinc oxide or a crystalline oxide semiconductor, or may have
a stack structure. By using the TFT with an oxide semicon-
ductor layer, it becomes possible to significantly cut down
the number of times of driving the liquid crystal panel while
maintaining display quality, and also significantly diminish
power consumption by the liquid crystal display device.
[0175] FIG. 12 is a diagram illustrating the structure of a
channel-etched TFT. As shown in FIG. 12, the channel-
etched TFT is structured such that a gate electrode 22, a gate
insulating film 23, an oxide semiconductor layer 24, a source
electrode 25, and a drain electrode 26 are stacked on a
substrate 21, and a protective film 27 is formed on top. A
portion of the oxide semiconductor layer 24 that lies above
the gate electrode 22 functions as a channel region. The
channel-etched TFT has no etch-stop layer formed on the
channel region, and the source electrode 25 and the drain
electrode 26 are disposed such that bottom surfaces of
channel-side ends contact a top surface of the oxide semi-
conductor layer 24. The channel-etched TFT is completed,
for example, by forming a conductive film serving as a
source/drain electrode on the oxide semiconductor layer 24
and performing the process of separating the source and the
drain. In some cases, the surface of the channel region is
etched during the source-drain separating process.

[0176] The etch-stop TFT (not shown) has an etch-stop
layer formed on a channel region. Source and drain elec-
trodes are such that bottom surfaces of channel-side ends are
positioned, for example, on the etch-stop layer. The etch-
stop TFT is completed, for example, by forming the etch-
stop layer so as to cover a portion of an oxide semiconductor
layer that serves as the channel region, thereafter forming a
conductive film that serves as a source/drain electrode on the
oxide semiconductor layer and the etch-stop layer, and
performing the process of separating the source and the
drain.

[0177] The oxide semiconductor included in the oxide
semiconductor layer of the TFT may be an amorphous oxide
semiconductor or a crystalline oxide semiconductor with a
crystalline portion. As the crystalline oxide semiconductor,
for example, a polycrystalline oxide semiconductor, a
microcrystalline oxide semiconductor, or a crystalline oxide
semiconductor with the c-axis oriented approximately ver-
tical to the surface of the layer can be used.

[0178] The oxide semiconductor layer of the TFT may
have a stack structure of two or more layers. In such a case,
the oxide semiconductor layer may include both a non-
crystalline oxide semiconductor layer and a crystalline oxide
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semiconductor layer, a plurality of crystalline oxide semi-
conductor layers with different crystal structures, or a plu-
rality of non-crystalline oxide semiconductor layers. In the
case where the oxide semiconductor layer has a two-layer
structure including top and bottom layers, the oxide semi-
conductor contained in the top layer preferably has a larger
energy gap than the oxide semiconductor contained in the
bottom layer. However, in the case where the difference in
energy gap between the two layers is relatively small, the
bottom-layer oxide semiconductor may have a larger energy
gap than the top-layer oxide semiconductor.

[0179] The materials, the structures, and the forming
methods of the non-crystalline oxide semiconductor and the
crystalline oxide semiconductors, along with the configura-
tions of the oxide semiconductor layers with stack struc-
tures, etc., are described in, for example, Japanese Laid-
Open Patent Publication No. 2014-7399. The disclosure of
Japanese Laid-Open Patent Publication No. 2014-7399 is
incorporated herein by reference in its entirety.

[0180] The oxide semiconductor layer may contain, for
example, at least one of the following metallic elements: In,
Ga, and 7Zn. The oxide semiconductor layer includes, for
example, an In—Ga—7n—O based semiconductor (e.g.,
indium gallium zinc oxide). The In—Ga—7Zn—O based
semiconductor is a ternary oxide composed of In (indium),
Ga (gallium), and Zn (zinc). The ratio (composition ratio) of
In, Ga, and Zn is not specifically limited, and may be such
that, for example, In:Ga:Zn=2:2:1, In:Ga:Zn=1:1:1, or
In:Ga:Zn=1:1:2. The oxide semiconductor layer is formed
using an oxide semiconductor film containing an In—Ga—
Zn—O0 based semiconductor. Note that the channel-etched
TFT with an active layer which contains an oxide semicon-
ductor (OS), such as an In—Ga—7n—O0 based semicon-
ductor, is also referred to as the “CE-OS-TFT”.

[0181] The In—Ga—7n—O0 based semiconductor may be
amorphous or crystalline. The crystalline In—Ga—Zn—0O
based semiconductor preferably has the c-axis oriented
approximately vertical to the layer surface.

[0182] It should be noted that the crystal structure of the
crystalline In—Ga—Z7n—O based semiconductor is dis-
closed, for example, in Japanese Laid-Open Patent Publica-
tion No. 2014-7399, mentioned earlier, as well as in Japa-
nese Laid-Open Patent Publication Nos. 2012-134475 and
2014-209727. The disclosures of Japanese Laid-Open Patent
Publication Nos. 2012-134475 and 2014-209727 are incor-
porated herein by reference in their entirety. TFTs with
In—Ga—7n—0 based semiconductor layers offer high
mobility (more than 20 times as high as a-Si TFTs) and low
leakage current (less than Y100 of that of a-Si TFTs). Accord-
ingly, TFTs with In—Ga—7n—O based semiconductor
layers are preferably used as drive TFTs (e.g., the TFTs
being included in driver circuits provided around a display
area, which includes a plurality of pixel circuits, on the same
substrate), and also as pixel TFTs (the TFTs being provided
in pixel circuits).

[0183] Instead of containing the In—Ga—7n—O based
semiconductor, the oxide semiconductor layer may contain
another oxide semiconductor. The oxide semiconductor
layer may contain, for example, an In—Sn—Z7n—O0 based
semiconductor (e.g., [n,0;—Sn0,—7n0 or [nSnZn0O). The
In—Sn—7n—O0 based semiconductor is a ternary oxide
composed of In (indium), Sn (tin), and Zn (zinc). Moreover,
the oxide semiconductor layer may contain an In—Al—
7Zn—0 based semiconductor, an In—Al—Sn—7n—0
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based semiconductor, a Zn—QO based semiconductor, an
In—7n—0 based semiconductor, a Zn—Ti—O based semi-
conductor, a Cd—Ge—O based semiconductor, a Cd—
Pb—O based semiconductor, CdO (cadmium oxide), an
Mg—7n—O based semiconductor, an In—Ga—Sn—O
based semiconductor, an In—Ga—O based semiconductor,
a Zr—In—7n—0 based semiconductor, an Hf—In—
Zn—0 based semiconductor, or the like. Here, Al, Ti, Cd,
Ge, Pb, Mg, Zr, and Hf represent aluminum, titanium,
cadmium, germanium, lead, magnesium, zirconium, and
hafnium, respectively.

[0184] The foregoing has been described with respect to
the case where the TFT 11 included in the pixel forming
portion 10 is a TFT with a channel layer which is or includes
an oxide semiconductor layer. However, peripheral circuits
such as source and gate drivers may also be configured by
TFTs with channel layers which are or include oxide semi-
conductor layers.

[0185] It should be noted that this application claims
priority to Japanese Patent Application No. 2015-180418,
filed Sep. 14, 2015 and titled “Liquid Crystal Display
Device and Method for Driving Same”, the disclosure of
which is incorporated herein by reference.

INDUSTRIAL APPLICABILITY

[0186] The present invention is applied to liquid crystal
display devices capable of keeping power consumption low
and preventing a polarity bias, particularly to a liquid crystal
display device provided in a portable electronic apparatus.

DESCRIPTION OF THE REFERENCE

CHARACTERS
[0187] 10 pixel forming portion
[0188] 11 thin-film transistor
[0189] 100 liquid crystal display device
[0190] 200 display control portion
[0191] 210 frame memory
[0192] 220 selector
[0193] 230 timing control circuit
[0194] 231 Y-frame register
[0195] 232 threshold register
[0196] 233 limit counter
[0197] 234 refresh counter
[0198] 235 comparison circuit
[0199] 236 NREF counter
[0200] 237 Z-frame register
[0201] 250 polarity bias management circuit
[0202] 260 polarity bias value counter
[0203] 270 polarity inversion control circuit
[0204] 300 drive portion
[0205] 310 source driver
[0206] 400 gamma portion
[0207] 410 positive gamma circuit
[0208] 420 negative gamma circuit
[0209] 500 display portion (liquid crystal panel)
[0210] GL scanning signal line
[0211] SL data signal line
[0212] Cp liquid crystal capacitor

1. A liquid crystal display device for displaying an image
represented by input image data on a display portion by
applying data voltages to a liquid crystal layer of the display
portion in accordance with the image data, the device
comprising:
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a drive portion configured to apply the data voltage to the
liquid crystal layer; and

a display control portion configured to manage a polarity
bias of the data voltage for each predetermined period
and controlling the drive portion so as to lessen the
polarity bias by a forced refresh updating an image
displayed on the display portion;

the display portion including a plurality of pixel forming
portions configured to hold the data voltages, wherein,

when a polarity bias value indicating the polarity bias
reaches a preset limit, the display control portion
rewrites the data voltage held in the pixel forming
portion such that the data voltage is inverted in polarity,
determines whether a frequency of the polarity bias
value reaching the limit satisfies a predetermined con-
dition, and when the predetermined condition is deter-
mined to be satisfied, controls the drive portion such
that the data voltage is rewritten without being inverted
in polarity by the forced refresh being performed
immediately after the satisfaction of the predetermined
condition.

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

wherein,

the display control portion includes:

a polarity bias management circuit configured to obtain
and manage the polarity bias value for each of the
predetermined periods and outputs a limit-hit signal
when the polarity bias value reaches the limit;

a polarity inversion control circuit configured to gen-
erate and output a polarity signal to perform control
such that the polarity bias value outputted by the
polarity bias management circuit approaches “0” by
means of the forced refresh when the polarity bias
value does not reach the limit or the polarity bias
value is inverted when the polarity bias value reaches
the limit; and

a timing control circuit configured to generate and
provide a refresh signal to the polarity bias manage-
ment circuit and the polarity inversion control circuit
upon reception of a forced refresh signal for the
forced refresh or generate and provide a limit refresh
signal to the polarity bias management circuit and
the polarity inversion control circuit upon reception
of the limit-hit signal,

the timing control circuit determines whether the fre-
quency of receiving the limit-hit signal satisfies the
predetermined condition, and generates and provides
an occurrence frequency signal to the polarity inversion
control circuit when the predetermined condition is
determined to be satisfied, and

upon provision of the occurrence frequency signal, the
polarity inversion control circuit performs control such
that the forced refresh in conformity with the image
data is performed with the same polarity as an imme-
diately preceding refresh.

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

wherein,

the timing control circuit includes a limit counter config-
ured to count the number of receptions of the limit-hit

signal, a threshold register configured to memorize a

threshold of the number of receptions of the limit-hit

signal, and a comparison circuit configured to compare
the number of receptions of the limit-hit signal and the
threshold, and
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when the number of receptions of the limit-hit signal
memorized by the limit counter is determined to be
greater than or equal to the threshold memorized by the
threshold register as a result of the comparison circuit
comparing the number of receptions of the limit-hit
signal and the threshold, the timing control circuit
outputs the occurrence frequency signal to the polarity
inversion control circuit.

4. The liquid crystal display device according to claim 3,
wherein the timing control circuit further includes a refresh
counter configured to count the number of receptions of the
forced refresh signal, obtains an occurrence frequency on the
basis of the number of receptions memorized by the limit
counter and the number of receptions memorized by the
refresh counter, compares the occurrence frequency and the
threshold memorized by the threshold register by means of
the comparison circuit, and when the occurrence frequency
is determined to be greater than or equal to the threshold,
outputs the occurrence frequency signal to the polarity
inversion control circuit.

5. The liquid crystal display device according to claim 4,
wherein the refresh counter counts the number of receptions
of the forced refresh signal and the number of receptions of
the limit refresh signal and obtains a total number of
receptions.

6. The liquid crystal display device according to claim 3,
wherein the timing control circuit further includes a Y-frame
register configured to memorize a period of time being set as
a Y-frame period, reads out the period being set as the
Y-frame period from the Y-frame register, sets the Y-frame
period to extend back from an arbitrary point in time within
a period during which the forced refresh is performed, and
determines whether the occurrence frequency is greater than
or equal to the threshold during the Y-frame period.

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

the timing control circuit includes a Z-frame register
configured to memorize a period of time being set as a
7-frame period, and

upon reception of a limit refresh signal from the polarity
bias management circuit, the timing control circuit
reads out the period being set as the Z-frame period
from the Z-frame register, sets the Z-frame period to
extend forward, and upon reception of an initial limit
refresh signal during the Z-frame period, outputs the
occurrence frequency signal to the polarity inversion
control circuit.

8. The liquid crystal display device according to claim 2,
wherein the polarity bias management circuit includes a
balance counter configured to count and hold the polarity
bias value, and increases or decreases the polarity bias value
held in the balance counter by “1” as specified by the
polarity signal upon each provision of a vertical synchroni-
zation signal to display an image represented by the image
data on the display portion.

9. The liquid crystal display device according to claim 2,
further comprising a positive gamma circuit configured to
generate positive image data on the basis of the image data
and a negative gamma circuit configured to generate nega-
tive image data on the basis of the input image data, wherein,

the display control portion further includes a selector

configured to select either the positive gamma circuit or
the negative gamma circuit, and
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the selector selects either the positive gamma circuit or
the negative gamma circuit in accordance with the
polarity signal provided by the polarity inversion con-
trol circuit, and provides the input image data so as not
to cause a polarity bias in each of the pixel forming
portions.

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

the display control portion further includes frame memory

configured to store the input image data,
the timing control circuit outputs the refresh signal to the
polarity inversion control circuit and the polarity bias
management circuit, and provides the frame memory
with a readout signal to read out the image data, and

the frame memory outputs to the selector the image data
having already been stored upon provision of the
readout signal.

11. The liquid crystal display device according to claim 2,
further comprising data signal lines and scanning signal
lines formed on the display portion so as to connect the pixel
forming portions and the drive portion, wherein,

the pixel forming portion includes:

a pixel capacitor configured to hold the data voltage;
and

a switching element with a control terminal connected
to the scanning signal line, a first conductive termi-
nal connected to the data signal line, and a second
conductive terminal connected to the pixel capacitor,
and

the switching element includes a thin-film transistor with

a channel layer formed with an oxide semiconductor.

12. The liquid crystal display device according to claim
11, wherein the pixel forming portion includes a thin-film
transistor with an oxide semiconductor layer.

13. The liquid crystal display device according to claim
12, wherein the thin-film transistor is a channel-etched
thin-film transistor.
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14. The liquid crystal display device according to claim
12, wherein the oxide semiconductor layer is formed with
indium gallium zinc oxide.

15. The liquid crystal display device according to claim
12, wherein the oxide semiconductor layer is formed with a
crystalline oxide semiconductor.

16. The liquid crystal display device according to claim
12, wherein the oxide semiconductor layer has a stack
structure.

17. A method for driving a liquid crystal display device
displaying an image represented by input image data on a
display portion by applying data voltages to a liquid crystal
layer of the display portion in accordance with the image
data, the device including a drive portion configured to apply
the data voltage to the liquid crystal layer, and a display
control portion configured to manage a polarity bias of the
data voltage for each predetermined period and controlling
the drive portion so as to lessen the polarity bias of the data
voltage during a frame period in which the image displayed
on the display portion is updated, the display portion includ-
ing a plurality of pixel forming portions configured to hold
the data voltages, the method comprising the steps of:

when a polarity bias value indicating the polarity bias
reaches a preset limit, rewriting the data voltage held in
the pixel forming portion such that the data voltage is
inverted in polarity;

determining whether the polarity bias value satisfies a
predetermined condition; and

when the predetermined condition is determined to be
satisfied, controlling the drive portion such that the data
voltage is rewritten without being inverted in polarity
by a forced refresh being performed immediately after
a limit refresh, in accordance with updating the image
data.
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