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DESCRIPTION

LIQUID CRYSTAL DISPLAY DEVICE AND METHOD FOR

DRIVING AUXILIARY CAPACITANCE LINES

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal
display devices and methods for driving auxiliary capacitance
lines in the liquid crystal display devices, particularly to
a liguid crystal display device with a monolithic driver and
a method for driving auxiliary capacitance lines in the liguid

crystal display device.

BACKGROUND ART

{0002] Conventionally, there is some demand for low power
consumption in active-matrix liquid crystal display devices.
One of the known approaches to achieve low power consumption
is toperformpolarity-inversiondrive by changing the potential
of a corresponding auxiliary capacitance line after the end of
a selection period for each scanning signal line. Such a drive
method will be referred to below as a "CS drive method”. The
CS drive method allows application of a large voltage toa liguid
crystal layer with a small video-signal amplitude, so that power
consumption can be reduced. Such a drive method is disclosed
in, for example, Patent Document 1.

[0003] Furthermore, inrecent years, moredrivers fordriving
liquid crystal panels have been formed directly on substrates
included in the liquid crystal panels. Examples of suchadriver
include a gate drivex (scanning signal line driver circuit) for

driving gate lines ({scanning signal lines) and a CS driver
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(auxiliary capacitance linedriver circuit) for drivingCS lines
(auxiliarycapacitance lines asmentioned above). Suchadriver
is called a "monolithic drivexr” or suchlike. A liguid crystal
display device equipped with such a monolithic driver {referred
to below as a "liquid crystal display device with a monolithic
driver"} is described in, for example, Patent Document 2. This
liguid crystal display device with a monolithic driver renders
it possible to achieve a narrow frame region and cost reduction.
Conventionally, such a liquid crystal display device with a
monolithic driver employs thin-film transistors with
amorphous-silicon (a-8i) semiconductor layers (referred to
below as "a-Si TFTs") as drive elements.

(0004} Incidentally, Patent Document 3 discloses a drive
method for a display device in which a scanning period T1 in
which gate lines are scanned is followed by an idle period T2
in which all of the gate lines are not scanned. During the idle
period T2, the gate driver is not provided with signals such
as clock signals. Accordingly, even when the gate lines are
scanned at 60 Hz during the scanning period T1l, the total drive
frequency for the gate lines can be maintained at about 30 Hz,
for example, by setting the idle period T2 to the same length
as the scanning period Tl1. As a result, low power consumption

can be achieved.

Citation List
Patent Documents
0005 Patent Document 1: Japanese Laid-Open Parent
Publication No. 2009-86170
Patent Document 2: Japanese Laid-Open Patent

Publication No. 2004-78172
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Patent Document 3  Japanese Laid-Open Patent

Publication No. 2001-312253

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

{0006] The CS drive method as described above renders it
possible to reduce power consumption in liquid crystal display
devices, but there is some demand for further reduction in power
consumption in liguid crystal display devices.

{0007] Therefore, an objective of the present invention is
to provide a liquid crystal display device with reduced power
consumption employing a CS drivemethod, and amethod for driving

auxiliarycapacitancelinesintheliguidcrystaldisplaydevice.

SOLUTION TO THE PROBLEMS
[0008] A first aspect of the present invention is directed
to a liquid crystal display device comprising:
adisplayportionincludingapluralityofvideosignal
lines, a plurality of scanning signal lines crossing the video
signal lines, a plurality of pixel forming portions including
respective pixel electrodes arranged in a matrix so as to
correspond to the video signal lines and the scanning signal
lines, apluralityof auxiliary capacitance lines arranged along
the scanning signal lines, and auxiliary capacitors formed
between the auxiliary capacitance lines and the pixel electrodes
corresponding to the scanning signal lines along the auxiliary
capacitance lines;
adisplaycontrolcircuit for generatingclocksignals
alternating between on- and off-levels cyclically;

a scanning signal line driver circuit for driving the
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scanning signal lines such that a scanning period in which the
scanning signal lines are selected sequentially and an idle
period in which all of the scanning signal lines are in an
unselected state alternate with each other in cycles of a frame
period consisting of the scanning period and the idle period;
and

an auxiliary capacitance line driver circuit formed
integrally with the display portion to drive the auxiliary
capacitance lines independently of cone another in accordance
with auxiliary capacitance clock signals included in the clock
signals, wherein,

the auxiliary capacitance line driver circuit
includes a first shiftregisterwithapluralityof firstbistable
circuits cascaded to one another, the first shift register
sequentially setting output signals from the first bistable
circuits to an on-level in accordance with the first shift
operation clock signals included in the auxiliaxry capacitance
clock signals, and

the first shift operation clock signals have a lower
frequencyduring the idleperiod thanduring the scanningperiod.
{0009] In a second aspect of the present invention, based
on the first aspect of the invention, the first shift operation
signals have a lower amplitude during the idle period than during
the scanning period.
{00101 In a thixd aspect of the present invention, based on
the first aspect of the invention, the idle period is longer
than the scanning period.
[0011] In a fourth aspect of the present invention, based
on the first aspect of the invention, the auxiliary capacitance

line driver circuit Zfurther includes a plurality of first
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switchingelementswith first conduction terminals respectively
connectedtotheauxiliarycapacitancelines, thedisplaycontrol
circuit provides a bias signal to a second conduction terminal
of eachof the first switchingelements, thebias signal switching
between two potentials every frame period and being fixed at
one of the potentials during each frame period, and each of the
first switching elements is provided with an output signal at
a control terminal, the output signal being derived from the
first bistable circuit that corresponds to the auxiliary
capacitance line connected te the first conduction terminal of
the first switching element.

[0012] In a fifth aspect of the present invention, based on
the fourth aspect of the invention, the display control circuit
provides a first bias signal as the bias signal to the second
conduction terminal of one of the first switching elements whose
first conduction terminals are xespectively connected to
adjacent auxiliaxy capacitance lines, and alsoprovides a second
bias signal as the bias signal to the second conduction terminal
of the other of the first switching elements whose first
conduction terminals are respectively connected to the adjacent
auxiliary capacitance lines, and the first bias signal and the
second bias signal differ in potential during each frame period.
[0013] In a sixth aspect of the present invention, based on
the fourth aspect of the invention, the auxiliary capacitance
line driver circuit further includes a plurality of second
switching elements respectively corresponding to the first
switching elements, the display control circuit provides an
idle-period operation clock signal included in the auxiliary
capacitance clock signal to a control terminal of each of the

second switching elements, the idle-perxiod operation clock
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signal having a potential that is at an off-level during the
scanning period and that alternates between on- and off-levels
cyclically during the idle period, and also having a lower
frequency during the idle period than a frequency of the first
shift operation signals during the scanning period, a first
conduction terminal of each of the second switching elements
is connected to the auxiliary capacitance line that is connected
to the first conduction terminal of the first switching element
that corresponds to the second switching element, and the bias
signal provided to the second conduction terminal of the first
switching element that corresponds to the second switching
element is provided to a second conduction terminal of each of
the second switching elements.

[0014] In a seventh aspect of the present invention, based
on the first aspect of the invention, the first shift operation
clock signals are of three or more phases different from one
another.

[0015] In an eighth aspect of the present invention, based
on the first aspect of the invention, the scanning signal line
driver circuit is formed integrally with the display portion.
[0016] In a ninth aspect of the present invention, based on
the eighth aspect of the invention, the scanning signal line
driver circuit includes a second shift register for sequentially
setting output signals from a plurality of second bistable
circuits cascaded to one another, to an on-level in accordance
withapluralityof secondshift operationclocksignals included
in the clock signals, the scanning signal line driver circuit
providing the output signals from the second bistable circuits
to the scanning signal lines, respectively.

[0017] In a tenth aspect of the present invention, based on
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the eighth aspect of the invention, the scanning signal line
driver circuit and the auxiliary capacitance linedriver circuit
share the first shift register, the scanning signal line driver
circuit further includes a plurality of output buffers provided
corresponding to the first bistable circuits respectively, the
display control circuit provides the output buffers with buffer
input signals being set at anon-level during the scanning period
and also at an off-level during the idle period, and the output
buffers provide the scanning signal lines with logical ANDs of
the buffer input signals and output signals from the first
bistable circuits corresponding thereto.

[0018]) In an eleventh aspect of the present invention, based
on any of the first through seventh aspects of the invention,
the auxiliary capacitance line drivex circult is realized using
thin-film transistors whose semiconductor layers are made of
an oxide semiconductor.

[0019] In a twelfth aspect of the present invention, based
on any of the eighth through tenth aspects of the invention,
the scanning signal line driver circuit and the auxiliary
capacitance line driver circuit are realized using thin-film
transistors whose semiconductor layers are made of an oxide
semiconductor.

(06020] Inathirteenth aspect of the present invention, based
on any of the first through seventh aspects of the invention,
the auxiliary capacitance line driver circuit is realized using
thin-film transistors whose semiconductor layers are made of
amorphous silicon.

{0021) In a fourteenth aspect of the present invention, based
on any of the eighth through tenth aspects of the invention,

the scanning signal line driver circuit and the auxiliary
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capacitance line driver circuit are realized using thin-film
transistors whose semiconductor layers are made of amorphous
silicon.
(0022} Afifteenthaspectof thepresentinventionisdirected
to a drive method for auxiliary capacitance lines in a liquid
crystal display device providedwith adisplayportion including
aplurality of video signal lines, aplurality of scanning signal
lines crossing the video signal lines, a plurality of pixel
forming portions including respective pixel electrodes arranged
in a matrix so as to correspond to the video signal lines and
the scanning signal lines, aplurality of auxiliary capacitance
lines arranged along the scanning signal lines, and auxiliary
cepacitors formed between the auxiliary capacitance lines and
the pixel electrodes corresponding to the scanning signal lines
along the auxiliary capacitance lines, adisplay control circuit
for generating clock signals alternating between on- and
off-levels cyclically, a scanning signal line driver circuit
for driving the scanning signal lines, and an auxiliary
capacitance line driver circuit formed integrally with the
display portion to drive the auxiliary capacitance lines, the
method comprising the steps of:

driving the scanning signal lines such that a scanning
period in which the scanning signal lines are selected
sequentially and an idle period in which all of the scanning
signal lines are inanunselected state alternate with each other
in cycles of a frame period consisting of the scanning period
and the idle period;

driving the auxiliary capacitance lines
independently of one another in accordance with auxiliary

capacitance clock signals included in the clock signals; and
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setting first shift operation clock signals included
in the auxiliary capacitance clock signals at a lower frequency
during the idle period than during the scanning period, wherein,

the auxiliary capacitance 1line driver circuit
includesafirstshift registerwithapluralityof firstbistable
circuits cascaded to one another, the first shift register
sequentially setting output signals from the first bistable
circuits to anon-level in accordance with first shift operation
clock signals.
{0023} In a sixteenth aspect of the present invention, based
on the fifteenth aspect of the invention, the first shift
operation signals have a lower amplitude during the idle period
than during the scanning period.
[0024}] Inaseventeenthaspectof thepresent invention, based
on the fifteenth aspect of the invention, the idle period is
longer than the scanning period.
[0025} Inaneighteenthaspectof thepresentinvention, based
on the fifteenth aspect of the invention, the first shift
operation clock signals are of three or more phases different

from one another.

EFFECT OF THE INVENTION

[0026] In the f£irst aspect of the present invention, the
display device has the display portion and the auxiliary
capacitance line driver circuit formed integrally with each
other, and includes the auxiliary capacitance lines that are
driven independently of one another, and in this display device,
one frame period consists of the scanning period and the idle
period. Since the first shift operation clock signals have a

lower freguency during the idle period than during the scanning
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period, the total drive frequency for the auxiliary capacitance
line driver circuit during one frame period is reduced. This
results in reduced power consumption. In addition, since the
displayportionandtheauxiliarycapacitancelinedrivercircuit
are formed integrallywitheachother, the frame region is reduced
in area, and the cost of the auxiliary capacitance line driver
circuit is reduced.

[0027] In the second aspect of the present invention, the
first shift operationclocksignals have a lower amplitude during
the idle period than during the scanning period. Thus, lower
power consumption can be achieved.

[0028] In the third aspect of the present invention, the idle
period is longer than the scanning period. Thus, lower power
consumption can be achieved.

[0029] According to the fourth aspect of the present
invention, during the idle period, the bias signals provided
to the auxiliary capacitance lines during the scanning period
immediately before the idle period are provided to the auxiliary
capacitance lines in accordance with the auxiliary capacitance
clock signals. Accordingly, during the idle period, the
influence of noise or suchlikeonthe auxiliary capacitance lines
is reduced. As a result, display guality can be inhibited from
being reduced. Moreover, since the first shift operation clock
signals have a lower frequency during the idle period than during
the scanning period, load on the first switching elements is
reduced. As a result, threshold variations of the first
switching elements are reduced, so that the reliability of the
first switching elements can be inhibited from being reduced.
[0030] According tothe fifthaspect of thepresentinvention,

adjacent auxiliarycapacitance linesareprovidedwithdifferent
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potentials during the frame period consisting of the scanning
period and the idle pericd. Thus, line-inversion drive can be
performed to drive a plurality of auxiliary capacitance lines
independently of one another.

[0031] The sixth aspect of the present invention renders it
possible to achieve similar effects to those achieved by the
first aspect of the invention, using idle-period operation clock
signals in place of the first clock signals. Moreover, output
signals fromthe firstbistablecircuitsarenot settoanon-level
during the idle period, so that the load on the first switching
elements can be further reduced. Thus, the reliability of the
first switching elements can be further enhanced.

[0032] In the seventh aspect of the present invention, the
number of phases of each of the first clock signals is three
or more, so that the load capacitance of the elements in the
bistablecircuitscanbesufficientlyreduced. Thus, even lower
power consumption can be achieved.

[0033] In the eighth aspect of the present invention, the
scanning signal line driver circuit is also formed integrally
with the display portion, resulting in reduced cost of the
scanning signal line driver circuit and a further narrowing of
the frame region.

[0034)] The ninth aspect of the present invention allows the
auxiliarycapacitancelinedrivercircuit andthe scanningsignal
line driver circuit to be realized using individually different
shift registers.

[0035] In the tenth aspect of the present invention, the
auxiliarycapacitancelinedrivercircuit andthe scanningsignal

line driver circuit share one shift register. As a result,
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circuit scale can be reduced, leading to, for example, an even
narrower frame region.

[0036] In the eleventh aspect of the present invention, the
auxiliary capacitance line driver circuit is realized using
thin~film transistoxrs whose semiconductor layers are made of
an oxide semiconductor. Leakage current from the thin-film
transistors is sufficiently small, and therefore, the frequency
of theclocksignalsduringtheidleperiodcanbe further reduced.
Accordingly, even lower power consumption can be achieved.
Moreover, theon-statecurrentofthethin-filmtransistorswhose
semiconductor layers are made of an oxide semiconductor is
sufficiently high, and therefore, the size of the thin-film
transistors canbe renderedsufficientlysmall., Thus, the frame
region can be rendered even narrower.

{0037] In the twelfth aspect of the present invention, the
scanningsignal linedrivercircuitandtheauxiliarycapacitance
line driver circuit are realized using thin-film transistors
whose semiconductor layers are made of an oxide semiconductor.
Leakage current from the thin-film transistors is sufficiently
small, and therefore, the frequency of the clock signals during
the idle period can be further reduced. Accordingly, even lower
power consumption can be achieved. Moreover, the on-state
current of the thin-film transistors whose semiconductor layers
are made of an oxide semiconductor is sufficiently high, and
therefore, the size of the thin-film transistors can be rendered
sufficiently small. Thus, the frame region canbe rendered even
narrower.

[0038] In the thirteenth aspect of the present invention,
the auxiliary capacitance line driver circuit is realized using

thin~film transistors whose semiconductor layers are made of
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amorphous silicon. Thus, a further cost reduction can be
achieved.

{0039] In the fourteenth aspect of the present invention,
the scanning signal line driver circuit and the auxiliary
capacitance line driver circuit are realized using thin-film
transistors whose semiconductor layers are made of amorphous
silicon. Thus, a further cost reduction can be achieved.
{0040] The £fifteenth through eighteenth aspects of the
present invention allow the drive methods for display devices
toachieve similar effects to those achieved by the first through
third aspects and the seventh aspect, respectively, of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1 is a block diagram illustrating the overall
configuration of a liquid crystal display device according to
a first embodiment of the present invention.

FIG. 2isablcckdiagramdescribingtheconfigurations
of a gate driver and a CS driver in the first embodiment.

FIG. 3 is a block diagram illustrating the
configuration of a gate shift register in the first embodiment.

FIG. 4 1is a block diagram illustrating the
configuration of a portion of the gate shift register in the
first embodiment, including the first-row stage.

FIG. 5 1is a block diagram illustrating the
configuraticn of a portion of the gate shift register in the
first embodiment, including the last-row stage.

FIG. 6 is a signal waveform diagram describing the
operation of the gate driver in the first embodiment.

FIG. 7 is a <circuit diagram illustrating the
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configurationof a gatebistablecircuit or aCSbistable circuit
in the first embodiment,

FIG. 8 is a signal waveform diagram describing the
operation of the gate bistable circuit in the first embodiment
during a scanning period.

FIG. 9 1is a Dblock diagram illustrating the
configuration of the CS driver in the first embodiment.

FIG. 10 is a block diagram illustrating the
configuration of a portion of the CS driver in the first
embodiment, including the first-row stage.

FIG. 11 is a Dblock diagram illustrating the
configuration of a portion of the CS driver in the £first
embodiment, including the last-row stage.

FIG. 12 is a signal waveform diagram describing the
operation of a CS shift register in the first embodiment.

FPIG. 13 is a signal waveform diagram describing the
operation of the CS bistable circuit in the first embodiment
during the scanning period.

FIG. 14 is a signal waveform diagram describing the
operation of a CS output portion in the first embodiment during
the scanning period.

FIG. 15isasignalwaveformdiagramdescribingchanges
in pixel potential in the first embodiment.

FIG. 16 is a signal waveform diagram describing the
operation of the CS driver in the first embodiment during an
idle period.

FIG, 17 is a signal waveform diagram describing the
operation of the CS bistable circuit in the first embodiment
during the idle period.

FIG. 18 is a graph showing drain current—gate voltage
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characteristics of an a-Si TFT and an IGZO TFT.

FIG. 19 is a signal waveform diagram describing the
operation of a CS driver in a second embodiment of the present
invention during the idle period.

FIG. 20 is a block diagram illustrating the overall
configuration of a liquid crystal display device according to
a third embodiment of the present invention.

FIG. 2l isablockdiagramdescribingtheconfiguration
of a gate/CS driver in the third embodiment.

FIG. 22 1is a block diagram illustrating the
configuration of the gate/CS driver in the third embodiment.

FIG. 23 1is a block diagram illustrating the
configuration of a portion of the gate/CS driver in the third
embodiment, including the first-row stage.

FIG. 24 is a block diagram illustrating the
configuration of a portion of the gate/CS driver in the third
embodiment, including the last-xrow stage.

FIG. 25 1is a «circuit diagram illustrating a
configuration example of an output buffer in the third
embodiment.

FIG. 26 is a signal waveform diagram describing the
operation of the gate/CS driver in the third embodiment.

FIG. 27 1is a block diagram illustrating the
configurationof aCSdriver ina fourth embodiment of the present
invention.

FIG. 28 is a signal waveform diagram describing the
operation ¢f the CS driver in the fourth embodiment.

FIG. 29 1is a block diagram 1llustrating the
configuration of a CS driver in a fifth embodiment of the present

invention.
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FIG. 30 is a signal waveform diagram describing the

operation of a CS shift register in the fifth embodiment.

MODES FOR CARRYING OUT THE INVENTION
[0042] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying drawings.
Note that in the following, the gate, drain, and source terminals
of the thin-film transistor correspond to a control terminal,
a first conduction terminal, and a second conduction terminal,
respectively. Moreover, all thin-film transistors will be
described as being ¢f an n-channel type.
[0043] <l. First Embodiment>

<1.1 Overall Configuration and Operation>

FIG. 1 is a block diagram illustrating the overall
configuration of an active-matrix liquid crystal displaydevice
employing a C8 drive method according to a first embodiment of
the present invention. This liguid crystal display device
includes a power source 100, a DC/DC converter 110, a display
control circuit 200, a source driver (video signal line driver
circuit) 300, a gate driver (scanning signal line driver
circuit) 400, a CS driver (auxiliary capacitance line driver
circuit) 500, adisplayportion 600, and a common electrodedriver
circuit 700, as shown in FIG. 1. The CS drivexr 500 is formed
of, for example, amorphous silicon, polycrystalline silicon,
microcrystalline silicon, or an oxide semiconductor on a liguid
crystal display panel 800 including the display portion 600.
That 1s, the liquid crystal display device according to the
present embodiment is a liquid crystal display device with a
moneclithic CS driver in which the C$ driver 500 and the disﬁlay

portion 600 are formed on the same substrate (an array substrate,
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which is one of the two substrates that constitute the liquid
crystal display panel). Thus, the frame region of the liquid
crystal display device can be reduced in area. ©Note that the
gate driver 400 and/or the source driver 300 may also be formed
of, for example, amorphous silicon, polycrystalline silicon,
microcrystallinesilicon, oranoxide semiconductorontheliquid
crystal display panel 800. Specific practical examples using
amorphous silicon and IGZ0 will be described later.

{00447 The display portion 600 has formed thereon n source
lines (video signal lines) 8L, to S1,, m gate lines {scanning
signal lines) GL; to GL, m CS lines (auxiliary capacitance
lines) CL; to CL, arranged along the m gate lines GL; to Glg,
respectively, and m x n pixel forming portions provided
corresponding to respective intexrsections of the source
lines SIL; to SL, and the gate lines GL; to GL,. The m x n pixel
forming portions are arranged in amatrix, thereby forming pixel
arrays. FEach pixel forming portion includes a pixel thin-film
transistor 80, which is a switching element connected at a gate
terminal to the gate line that passes through its corresponding
intersection and at a source terminal to the source line that
passes through the intersection, a pixel electrode Ep connected
toadrainterminal of thepixel thin-filmtransistor 80, a common
electrode Ec, which is an opposing electrode provided commonly
for the pixel forming portions, and a liquid crystal layer
provided commonly for the pixel forming portions between the
pixel electrode Ep and the common electrode Ec. The pixel
electrode Ep and the common electrode Ec form a liguid crystal
capacitor Clc. Moreover, the CS line (also referred to as the
"auxiliary capacitance elecirode") disposed along the gate line

that passes through the corresponding intersection and the pixel
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electrode Ep corresponding to the gate line disposed along the
CS line form an auxiliary capacitor Ccs. The liquid crystal
capacitor Clc and the auxiliary capacitor Ccs form a pixel
capacitor Cp.

[0045] The power source 100 supplies a predetermined source
voltage to the DC/DC converter 110, the display control
circuit 200, and the common electrode driver circuit 700. The
DC/DC converter 110 generates a predetermined direct voliage
from the source voltage to operate the source driver 300, the
gatedriver 400, and the CSdriver 500, and supplies the generated
voltage to the source driver 300, the gate driver 400, and the
CSdriver 500. The common electrode driver circuit 700 provides
a predetermined potential Vcom to the common electrode Ec.
[0046] Thedisplaycontrolcircuit 200 receives anexternally
transmittedimage signal DATandanexternallytransmittedtiming
signal group TG, including a horizontal synchronization signal
and a vertical synchronization signal, and outputs a digital
video signal DV, along with a source start pulse signal SSP,
a source clock signal SCK, a latch strobe signal LS, a gate start
pulse signal GS8SP, a gate clock signal GCK, a first bias
signal Vecsl, a second bias signal Vcs2, a CS clock signal CCK,
and a CS start pulse signal CSP to control image display on the
display panel 600. The potential levels of the gate clock
signal GCK and the CS clock signal CCK are high at Vdd, and also
low at Vss. In the present embodiment, the gate start pulse
signal GSP, the gate clock signal GCK, the CS clock signal CCK,
and the CS start pulse signal CSP realize clock signals.
Moreover, theCSclocksignal CCKandtheCSstartpulsesignal CSP
realize auxiliary capacitance clock signals,

[0047] The gate clock signal GCKconsists of two phases, i.e.,
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gate clock signals GCK1l and GCK2. 1In the following, the gate
clock signal GCK1l will be referred to as the "first gate clock
signal", and the gate clock signal GCK2 will be referred to as
the "second gate clock signal". The first and second gate clock
signals GCKl and GCK2 are out of phase from each other by one
horizontal scanningperiod, andeachofthemissetatahigh-level
potential (Vdd potential) for one of the two horizontal scanning
periods (except in an idle period T2 to be described later).
Inthepresent embodiment, the firstandsecondgateclocksignals
GCK1l and GCK2 realize second shift operation clock signals.
(00483 The CS clock signal CCK consists of two phases, i.e.,
CS clock signals CCKl and CCK2. 1In the following, the CS clock
signal CCK1 will be referred to as the "first CS clock signal™,
and the CS clock signal CCK2 will be referred to as the "second
CS clock signal”. The first and second CS clock signals CCK1
andCCK2 areout of phase fromeachotherbyonehorizontal scanning
period, and each of them is set at a high~level potential (vdd
potential) foroneof the twohorizontal scanningperiods (except
in the idle period T2 to be described later). In the present
empbodiment, the CS clock signal CCK is delayed in phase from
the gate clock signal GCK by one horizontal scanning period.
More specifically, the first and second CS clock signals CCK1l
and CCK2 aredelayed inphase fromthe firstgateclocksignal GCK1
and the second gate clock signal, respectively, byonehorizontal
scanning period. 1In the present embodiment, the first CS clock
signal CCK1l and the second CS clock signal CCK2 realize first
shift operation clock signals.

[0049] The source driver 300 receives the digital video
signal DV, the source start pulse signal SSP, the source clock

signal SCK, andthe latchstrobe signal LS outputtedby thedisplay
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control circuit 200, and applies D/A-converted analog video
signals SS{l) to SS(n) to the source lines SL; to SL,,
respectively.
[0050] In accordance with the gate start pulse signal GSP
and the gate clock signal GCK outputted by the display control
circuit 200, the gate driver 400 repeats application of scanning
signals GOUT (1) to GOUT (m) at a high-level potential to the gate
lines GL:; to GL,, respectively, in cycles of one frame period.
Note that the gate driver 400 will be described in detail laterxr.
[0051] In accordance with the first bias signal Vecsl, the
second bias signal Vecs2, the CS c¢lock signal CCK, and the CS
start pulse signal CSP? outputted by the display control
circuit 200, the CS driver 500 applies auxiliary capacitance
signals CSS (1) toCSS{m) to the CS lines CL; to CL,, respectively,
to bias the potentials of the pixel electrodes Ep in the pixel
forming portions (referred tc below as the "pixel potentials"”
and denoted by the symbol Vd). Note that the CS driver 500 will
be described in detail later.
{0052] In this manner, the video signals SS(1) to S8(n) are
applied to the source lines SL; to SL,, respectively, and the
scanning signals GOUT(1l) to GCUT(m) are applied to the gate
lines GL; to GLp,, respectively, so that the display portion 600
displays an image based on the externally transmitted image
signal DAT.
[0053] <1.2 Configuration and Operation of the Gate Driver>
FIG. 2isablockdiagramdescribingtheconfigurations
of the gate driver 400 and the CS driver 500 in the present
embodiment., The gate driver 400 includes a gate shift
register 410 consisting of m (stages of) gate bistable

circuits 40(1) to 40(m) and one (stage of) dummy gate bistable
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circuit 40 (m+1l) (also referred to below as a "dummy stage"),
as shown in FIG. 2. Note that the CSdriver 500 will be described
later. In the present embodiment, the gate shift register 410
realizes a second shift register, and the gate bistable circuits
realize second bistable circuits.

[{0054] The display portion 600 has a pixel matrix of m rows
x n columns formed thereon, as described above, and the gate
bistable circuits are provided as stages in one-to-one
correspondence with the rows of the pixel matrix. The gate
bistable circuits and CS bistable circuits tobe described later
take either one of two states (first and second states) at each
given time, and output signals that indicate the taken states
(referred to below as "state signals"). In the present
embodiment, when a bistable circuit is in the first state, the
bistable circuit outputs a state signal at a high-level
{on-level) potential, and when the bistable circuit is in the
second state, the bistable cirxcuit outputs a state signal at
a low-level {(off-level) potential. Moreover, the periocd in
which the bistable circuit outputs a state signal at ahigh~level
potential will be referred to below as the "selection period".
[0055] FIG. 3 is a block diagram illustrating the
configuration of the gate shift register 410 in the present
embodiment, excludingthe first-rowstageandthe last-rowstage.
FIG. 4 is a block diagram illustrating the configuration of a
portion of the gate shift register 410 in the present embodiment,
including the first-row stage. FIG. 5 is a block diagram
illustrating the configuration of a portion of the gate shift
register 410 in the present embodiment, including the last-row
stage. Note that in the following, an x'th-stage (where x =

1 to mt+l) bistable circuit will also be referred to simply as
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an "x'th-stage". The shift register 410 consists of the mgate
bistable circuits 40(1) to 40(m) and the dummy gate bistable
circuit 40 (m+1l), as described above. FIG. 3 shows the (i~-2)'th
to {i+l)'th stages 40(i-2) to 40(i+l), FIG. 4 shows the first
and second stages 40(1) and 40(2), and FIG, 5 shows the {m-1)'th
and m'th stages 40(m-1) and 40(m) as well as the dummy
stage 40 (m+1).

[0058] Each gate bistable circuit is provided with an input
terminal for receiving a clock signal CKl (xeferred to below
as a "first clock signal"), an input terminal for receiving a
clock signal CK2 (referred to below as a "second clock signal®},
an input terminal for receiving a low-level direct-current power
source potential Vss (the magnitude of the potential will also
be referred to as the aforementioned "Vss potential"), an input
terminal for receiving a set signal §, an input terminal for
receiving a reset signal R, and an output terminal for outputting
a state signal Z.

[(0057] The gate shift register 410 is providedwith two phases
of a gate clock signal GCK, i.e., first and second gate clock
signals GCK1l and GCK2, as described above.

[0058] The following signals are provided to the input
terminals of the stages {gate bistable circuits) in the gate
shift register 410. Note that it is assumed below that 1 is
an odd number, and m is an even number. The first gate c¢lock
signal GCK1l is provided to each odd stage as a first clock
signal CK1l, and the second gate clock signal GCK2 as a second
clock signal CKZ2, as shown in FIGS. 3 to 5. The first gate clock
signal GCK1l is provided to each even stage as a second clock
signal CK2, and the second gate clock signal GCKZ as a first

clock signal CKl. Moreover, each stage is commonly provided



16

15

20

25

30

23

with a low-level direct-current power source potential Vss.
[005¢] Each stage is provided with a state signal Z outputted
by its preceding stage as a set signal S, and a state signal 2
outputted by its following stage as a reset signal R. However,
the first stage (first-row stage) 40(1l) is provided with a gate
start pulse signal GSP as a set signal S. Moreover, the m'th
stage (last-row stage) 40{(m) is provided with a state signal
outputted by the dummy stage 40 (m+1) as a reset signal R. Note
that the dummy stage 40 (m+l) is provided with a state signal 2
outputted by the m'th stage 40(m) as a set signal S, and a reset
signal R provided to the dummy stage 40 (m+l) is a state signal Z
outputtedby itself. Accordingly, the period inwhich the state
signal Z is kept at a high-level potential is shorter for the
dummy stage 40{m+l1l) than for the other stages. Instead of
providing the dummy stage 40 (m+1), the m'th stage 40 ({m) may be
provided with a gate end pulse signal GEP as a reset signal R.
The gate end pulse signal is a signal that is set at a high-level
potential duringonehorizontal scanningperiodafter a scanning
period T1.

{0060} In the configuration as above, once the gate start
pulse signal GSP is provided to the first stage 40(1l} of the
gate shift register 410 as a set signal S, pulses included in
the gate start pulse signal GSP (the pulses being included in
the state signals 2 outputted by any stages) are transferred
sequentially from the first stage 40(1) to the m'th stage 40 (m)
in accordance with the first and second gate clock signals GCK1
and GCKZ. Thereafter, in response to the pulse transfer, the
state signals 2 respectively outputted by the first to m'th
stages 40{(1) to 40(m} are sequentially set to a high-level

potential. The state signals Z respectively outputted by the
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first to m'th stages 40(1l) to 40{m) are provided to the gate
lines Gl to Glp, respectively, as scanning signals GOUT({1l) to
GOUT {m). Note that the state signals Z respectively outputted
by the first to m'th stages 40{1) to 40(m) may be increased in
voltage by level shifters before they are provided to the gate
lines GL; to GL, as the scanning signals GOUT({1l) to GOUT{m}.
In this manner, scanning signals that are sequentially set at
a high-level potential for one horizontal scanning period each
are provided to the gate lines in the display portion 600, as
shown in FIG. 6.
[00611 <1.3 Configuration of the Gate Bistable Circuit>
FIG. 7 1is a circuit diagram illustrating the
configuration of the gate bistable circuit in the present
embodiment. Note that the configuration of the CS bistable
circuit to be described later is similar to the configuration
of the gate bistable circuit shown in FIG. 7. The bistable
circuit includes four thin-film transistors (switching
elements) M1 to M4, a capacitor {capacitance eiement) Cl, four
input terminals 41 to 44, an input terminal for a low-level
direct-current power source potential Vss, and an output
terminal 49, as shown in FIG. 7. Here, the input texminal for
receivingthe first clock signal CKl isdenotedby thenumeral 41,
the input terminal for receiving the second clock signal CK2
is denoted by the numeral 42, the input terminal for receiving
the set signal S is denoted by the numeral 43, and the input
terminal for receiving the reset signal R is denoted by the
numeral 44. In addition, the output terminal for ocutputting
the state signal Z is denoted by the numeral 49.
(0062} Next, the connections between components of the

bistable circuit will be described. A gate terminal of the
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thin-film transistor M1, a source terminal of the thin-film
transistor M3, a drain terminal of the thin-£film transistor Md,
and one terminal of the capacitor Cl are connected toone ancther.
The connecting point (line) that connects themwill be referred
to below as the "first node" for convenience. The first node
is denoted by the symbol N1.

(0063] The thin-£ilm transistor M1 is connected at the gate
terminal to the first node N1, at a drain terminal to the input
terminal 41, and at a source terminal to the output terminal 49.
The thin-film transistor M2 is connected at a gate terminal to
the input terminal 42, at a drain terminal to the output
terminal 49, and at a source terminal to the input terminal for
the direct-current power source potential Vss. The thin-film
transistor M3 is connected at gate and drain terminals to the
input terminal 43 (i.e., diode-connected} and at the source
terminal to the first node N1. The thin-film transistor M4 is
connected at a gate terminal to the input terminal 44, at the
drain terminal to the first node N1, and at a source terminal
to the input terminal for the direct-current power source
potential Vss. The capacitor Cl is connected at one terminal
to the first node N1 and at the other terminal to the output
terminal 49.

[0064] Next, the function of each component of the gate
bistable <circuit will be described. The thin-film
transistor Mlprovidesthepotentialofthefirstclocksignal CK
to the cutput terminal 49 when the potential of the first node N1
is at high level. The thin-film transistor M2 changes the
potential of the output terminal 49 toward the Vss potential
when the potential of the second clock signal CK2 is at high

level. The thin-film transistor M3 changes the potential of



[d
18y

20

25

30

26

the first node N1 toward high level when the potential of the
set signal S is at high level. The thin-film transistor M4
changes thepotential of the firstnodeNI towardthe Vsspotential
when the potential of the reset signal R is at high level. The
capacitor Cl1 functions as an auxiliary capacitor when the first
node N1 is bootstrapped.
[0065] <1.4 Operation of the Gate Bistable Circult>

FIG. 8 is a signal waveform diagram describing the
operation of the i'th-stage gate bistable circuit 40{(i) in the
present embodiment, particularly focusing on the operation
during the scanning period Tl to be described later. Note that
the operation of the other gate bistable circuits is similar,
and therefore, any descriptions thereof will be omitted. For
the i'th stage, the first and second gate clock signals GCK1
and GCK2 correspond to the fixrst and second clock signals CK1
and CK2, respectively. In FIG. 8, the period from time tl to
time t2 corresponds to a selection pericod. In the following,
the period from the rise of the gate start pulse signal GSP
(scanning start time) to the rise of the dummy-stage scanning
signal GOUT {m+1) within one frame period will be referred to
as the "scanning period", and is denoted by the symbol Tl. The
scanning period Tl is a period in which a plurality {m) of gate
lines GL{1) to GL(m) are scanned once. Moreover, the period
from the rise of the dummy-stage scanning signal GOUT (m+1) to
the rise of the gate start pulse signal GSP during the following
frame period within one frame period will be referred to as the
"idle period", and is denoted by the symbol T2. The idle
period T2 is a period in which output signals from all of the
gate bistable circuits 40(l) to 40{m), excluding the dummy

stage 40{m+l}, are set at a low-level potential. 1In the
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descriptions of the operation during the scanning period T1,
one horizontal scanning period immediately before the selection
period will be referred to as a "set period", and one horizontal
scanning period immediately after the selection period will be
referred to as a "reset period”. 1In addition, the rest of the
scanning period T1l other than the selection period, the set
period, and the reset period will be referred to as a "normal
operation period”.

[0066] Once the setperiodarrives (at time t0), the potential
of the set signal S changes from low to high level. Since the
thin-film transistor M3 is diode-connected as shown in FIG. 7,
when the potential of the set signal S is set to high level,
the thin-film transistor M3 is brought into on-state, so that
the capacitor Cl1 is charged (in this case, precharged). B2s a
result, the potential of the first node N1 changes from low to
high level, so that the thin-film transistor Mi is brought into
on-state. However, during the set period, the potential of the
first gate clock signal GCK1 (first clock signal CK1l} is at low
level, and therefore, the potential of the state signal z is
maintained at low level.

[0067] Once the selection period arrives (at time t1), the
set signal S changes from high to low level. As a result, the
thin-filmtransistorM3isbrought intcoff-state. Atthistime,
the first node N1 is brought into floating state. At time t1,
the potential of the first gate clock signal GCK1 changes from
low to high level. Since the thin~film transistor M1 is in
on-state, and there is gate capacitance, the potential of the
first node N1 rises with the potential of the input terminal 41
(i.e., the first node N1 is bootstrapped). In this case, the

capacitor Cil serves to promote a rise in the potential of the
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first node N1. As a result, the gate potential of the thin-film
transistor Ml increases to a sufficiently high degree, so that
the potential of the state signal Z rises to the high level (Vdd
potential) of the first gate clock signal GCKI1.

(0068] Once the reset period arrives {(at time t2), the
potential of the first gate clock signal GCK1 changes from high
to low level. At time t2, since the thin-film transistor M1
is in on-state, the potential of the state signal Z decreases
with the potential of the input terminal 41. Such a decrease
in the potential of the state signal Z causes the potential of
the firstnodeNl todecrease throughthe capacitorCl. WMoreover,
during the reset period, the reset signal R changes from low
to high level. Accordingly, the thin-film transistor M4 is
brought into on-state. As a result, it is ensured that during
the reset period, the potential of the first node N1 falls to
low level., Moreover, during the reset period, the second gate
clock signal GCK2 {second clock signal CK2) changes from low
to high level. Accordingly, the thin-film transistor M2 is
brought into on-state, so that it is ensured that the potential
of the state signal Z falls to low level.

[0069] During the normal operation period (consisting of a
section before time t0 and a section after time t3 during the
scanning period T1), the potential of the second gate clock
signal GCKZ alternates between high and low levels every
horizontal scanning period, so that the thin-filmtransistor M2
is brought into on-state every horizontal scanning period.
Therefore, the potential of the state signal Z can be maintained
at low level.

[0070C) Note that in the following, the cycle of each of the

first and second gate clock signals GCK1l and GCK2 during the
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scanning period Tl (referred to below as the "scanning-period
gate cycle") will be denoted by the symbol tgckl. 1In addition,
the frequency of each of the first and second gate clock
signals GCK1 and GCK2 during the scanning period Tl (referred
tobelowas the "scanning-periodgate frequency™) will be denoted
by the symbol fgckl.
{00711 <1.6 Configuration and Operation of the CS Driver>

In the present embodiment, the CS driver 500 consists
of a CS shift register 510 and a CS output portion 520, as shown
in FIG. 2. In the present embodiment, the gate driver 400 and
the CS driver 500 are disposed on opposite sides of the display
portion 600. The CS shift register 510 consists of m (stages
of) CS bistable circuits 50{(1l) to 50(m) and one (stage of) dummy
CS bistable circuit 50 (m+l) (also referred to below as a "dummy
stage™). The display portion 600 has the pixel matrix of mrows
x ncolumns formed thereon, asdescribedabove, andtheCSbistable
circuits are provided in stages in one-to-one correspondence
withtherowsof thepixelmatrix. TheCSbistablecircuits 50(1)
to 50(m) are connected to the CS output portion 520. The CS$
output portion 520 is connected to the CS lines CL; to CL,. In
the present embodiment, the CS shift register 510 realizes a
first shift register, and the CS bistable circuits realize first
bistable circuits.
[0072] <1.6.1 Configuration and Operation of the CS Shift
Registexr>

FIG. 9 1is a block diagram illustrating the
configuration of the C8 driver 500 in the present embodiment,
excluding the first-and last-row stages. FIG. 10 is a block
diagram illustrating the configuration of a portion of the CS

driver 500 in the present embodiment, including the first-row
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stage. FIG.llisablockdiagramillustratingtheconfiguration
of a portion of the CS driver 500 in the present embodiment,
including the last-row stage. As described above, the
configuration of the CS bistable circuits is similar to the
configuration of the gate bistable circuits. Therefore, any
descriptions of common points with the gate bistable circuits
will be omitted.

(00731 However, the CSbistable circuits differ fromthe gate
bistable circuits with respect to signals provided to the input
terminals 41 and 42 for receiving the first and second clock
signals, respectively. Specifically, as shown in FIGS. ¢ to
11, for odd stages, the first CS clock signal CCKl is provided
as a first clock signal CK1l, and the second CS clock signal CCK2
is provided as a second clock signal CK2Z, For even stages, the
first CS8 clock signazl CCK1l is provided as a second clock
signal CK2, and the second CS clock signal CCK2 is provided as
a first clock signal CK1.

[00741 Furthermore, the CS start pulse signal CSP is provided
to the first stage (first-row stage) 50(1l) as a set signal S,
as shown in FIG. 10. The CS start pulse signal CSP is a signal
that is set at a high-level poten-tial during one horizontal
scanning period immediately after a horizontal scanning period
in which the gate start pulse signal GSP is at a high-level
potential, and also during one horizontal scanning period
immediately after the start of an idle period T2.

[0075] In the configuration as above, once the CS start pulse
signal CSP is provided to the first stage 40(1) of the CS shift
register 510 as a set signal S, pulses included in the CS start
pulsesignal CSP (thepulsesbeingincluded inthestate signals 2

outputted by any stages) are transferred sequentially from the
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first stage 40(1) to the m'th stage 40{m} in accordance with
the first and second CS clock signals CCK1 and CCK2. Thereafter,
in response to the pulse transfer, the state signals 2Z
respectively outputtedby the first tom'th stages 40(1) to 40 (m)
are sequentially set to a high-level potential. The state
signals Z respectively outputted by the first to m'th
stages 40(1) to 40(m} are provided to the CS output portion 520
as control signals COUT (1) to COUT(m). More specifically, the
control signals COUT (1) to COUT {m) are provided togate terminals
of bias thin-film transistors (first switching elements) 60 (1)
to 60{(m) to be described later, which are included in the CS
output portion 520. Thus, control signals thatare sequentially
set at a high-level potential for one horizontal scanning period
eachareprovidedtotheCSoutputportion520, asshowninfFIG. 12.
[00761] <1.6.2 Operation of the CS Bistable Circuits>
FIG. 13 is a signal waveform diagram describing the
operation of the i'th-stage CS bistable circuit 50(i) in the
present embodiment, particularly focusing on the operation
during the scanning period Tl. The operation of the CS bistable
circuits differs from the operation of the gate bistable
circuits, in that the first and second CS clock signals CCKL
and CCK2 are provided in place of the first and second gate clock
signals GCK1 and GCK2, as shown in FIG. 13, and therefore, the
operation of the CS bistable circuits during the scanning
period Tl will not be described in detail.
{0077] Note that in the following, the cycle of each of the
firstandsecondCSclock signals CCK1and CCK2 duringthe scanning
period Tl (referred to below as the "scanning-period CS cycle')
will be denoted by the symbol tcckl. 1In addition, the freguency

of each of the first and second CS clock signals CCK1 and CCK2
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during the scanning period T1 (referred to below as the
"scanning-period C8 frequency") will be denoted by the
symbol fcckl. Further, the amplitude of each of the first and
second CS clock signals CCKl and CCK2 during the scanning
period Tl (referred to below as the "scanning-period €S
amplitude") will be denoted by the symbol Vcckl.
[0078] <1.6.3 Configuration and Operation of the CS Output
Portion>

In the present embodiment, the CS output portion 520
consists of m bias thin-film transistors (first switching
elements) 60(1) to 60{(m), as shown in FIGS. 9 to 11. The bias
thin-film transistors 60(1) to 60{m) correspond to the CS
bistable circuits 50(1} to 50(m), respectively, and also
correspond to the CS lines CL; to CL,, respectively. Each bias
thin-filmtransistorisconnectedatagate terminal to the output
terminal 42 of its corresponding CS bistable circuit (the
terminal from which the state signal Z is outputted), and at
a drain terminal to its corresponding CS line. Moreover, each
odd-stage bias thin-film transistor is provided with a first
bias signal Vcsl at a source terminal, and each even-stage bias
thin-film transistor is provided with a second bias signal Ves2
at a source terminal. Note that depending on the potentials
of the CS line {(auxiliary capacitance signal), the first bias
signal Vcsl, and the second bias signal Ves2, the source terminal
and the drain terminal of eachbias thin-film transistor replace
each other. However, descriptions herein are based on the
assumption that, regardless of these potentials, the terminal
of each bias thin—-film treansistor that is connected to its
corresponding CS line is the drain terminal, and the terminal

of esach bias thin-film transistor to which the first or second
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bias signal Vcsl or Ves2 is provided is the source terminal.
{0079) FIG. 14 is a signal waveform diagram describing the
operation of the CS output portion 520 in the present embodiment,
particularly focusing on the operation during the scanning
period T2. The firstbias signal Vecsl and the secondbias signal
differ in potential from each other, and have their potentials
inverted every frame period, as shown in FIG. 14. Specifically,
for example, during the first of two consecutive frame periods,
the potential of the first bias signal Vcsl is a predetermined
high potential Vh (referred to below simply as a "high
potential Vh™}, and the potential of the second bias signal Vcs2
is a predetermined low potential V1 (referred to below simply
as a "low potential V1"); during the second frame period, the
potential of the first bias signal Vecsl is the low potential V1,
and the potential of the second bias signal Vcs2 is the high
potential Vh.

(00801 It is assumed that initially, the potential of the
firstbias signal Vcsl is the highpotential Vh, and the potential
of the second bias signal Ves2 is the low potential V1. Once
the control signal COUT (1), which is an output signal from the
first-stage CS bistable circuit 50(1), is set to a high-level
potential, the corresponding bias thin-film transistor 60(1)
is brought into on-state. Since the first bias signal Vesl is
provided to the source terminal of the bias thin-film
transistoxr 60(1), the potential of the auxiliary capacitance
signal CSS (1) applied to the CS line {1} changes to the high
potential Vh. The potential of the auxiliary capacitance
signal CSS{1) 1s maintained wuntil the bias thin-film
transistoxr 60(1l) isbroughtintoon-stateduringthesecondframe

period.
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{0081] Next, once the control signal COUT(2), which is an
output signal from the second-stage CS bistable circuit 50(2),
is set to a high-level potential, the corresponding bias
thin-film transistor 60(2) is brought into on—-state. Since the
second bias signal Vcs2 is provided to the source terminal of
the bias thin-film transistor 60(2), the potential of the
auxiliary capacitance signal CSS(2) applied to the CS line (2)
changes to the low potential V1. The potential of the auxiliary
capacitance signal CSS(2) ismaintaineduntil thebias thin-£ilm
transistor 60(2) isbrought intoon~state during the second frame
period.
[0082)] Nexﬁ, once the control signal COUT(3), which is an
output signal from the third-stage CS bistable circuit 50(3},
is set to a high-level potential, the corresponding bias
thin-film transistor 60(3) is brought into on-state. Since the
first bias signal Vcsl is provided to the source terminal of
the bias thin-film transistor 60(3), the potential of the
auxiliary capacitance signal CSS(3) applied to the CS line {3)
changes to the highpotential Vh, Thepotential of the auxiliary
capacitance signal CSS(3) ismaintaineduntil the bias thin-film
transistor 60(3) isbrought intoon-state during the second £rame
period. Thereafter, the potential of each of the auxiliary
capacitance signals applied to the CS lines changes sequentially
as well in accordance with control signals, which are output
signals from the CS bistable circuits,
[0083] <1.7 Changes in Pixel Potential>
FIG.15isasignalwaveformdiagramdescribingchanges
in pixel potential in the present embodiment. In the present
embodiment, line-inversion drive in which the polarity of pixel

potentials is inverted row-by-row is performed. Note that the
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following description is based on the assumption that the
polarity of pixel potentials is inverted every row, but the
polarityof pixel potentialsmaybe invertedeverymultiple rovws.
In FIG. 15, Vd({1l) to Vd{3) denote pixel potentials Vd for pixel
forming portions arbitrarily selected from among the pixel
forming portions provided corresponding to the gate lines Gl
to GLy. In the following, the pixel potentials Vd(l), vd(2),
and vd(3) will be referred toas the "first~rowpixel potential”,
the "second-row pixel potential"™, and the "third-row pixel
potential", respectively.

[0084] Once the gate line GL; is brought into selected state
(i.e., once the scanning signal GOUT (1) is set to a high-level
potential), the pixel thin-film transistor 80 with its gate
terminal connected to the gate line GL; is brought intoc on~-state,
sothat thepixel capacitorCpischargedbyavideosignal provided
through the pixel thin-film transistor 80. As a result, the
first-row pixel potential Vd(1l) becomes a write potential Vsig,
as shown in FIG. 15. Then, once the scanning signal GOUT(1)
is set to a low-level potential, the pixel thin-film
transistor 80 is brought into off-state, so that the first-row
pixel potential vd (1) is maintained as the write potential Vsig.
Up to this point, the potential of the auxiliary capacitance
signal CSS(1), which is applied to the CS line CL; disposed along
the gate line GL,, is kept at the low potential V1.

{0085] Next, the potential of the auxiliary capacitance
signal CSS(1l) changes from the low potential V1 to the high
potential Vh. As a result, a bias voltage AVcs is applied to
the first-rowpixel potential Vd (1) inaccordance with the change
of the auxiliary capacitance signal CSS(1)}. Accordingly, the

potential of the first-rowpixel potential Vd (1) canbe expressed
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by equation (1) below.

Vd{l) = Vsig + AVcs
= Vsig + (Cecs / (Clc + Ces)) X {Vh - Vi) « (1)
{0086] As can Dbe appreciated, the first-row pixel

potential Vd{l) becomes greater than the write potential Vsiq,
which corresponds to the amplitude of the video signal, by (Ccs
/ {Clc + Ces)) x {(Vh - V1). In this manner, it is possible to
apply a large voltage to the liquid crystal layer while keeping
a low amplitude of the videc signal to be provided to the source
line. Thus, low power consumption can be achieved. The
first-row pixel potential Vd{(l) is maintained until the pixel
thin-film transistor 80 is brought back into on-state during
the second frame period. Note that a similar operation to the
above is performed in the second frame period, and therefore,
any description thereof will be omitted. However, it should
be noted that the first-row pixel potential vd(l) during the
second frame period is opposite in polarity to that during the
first frame period. Moreover, as for the second- and third-row
pixel potentialsVd(2) andVd(3), similar operations to the above
are performed, and therefore, any descriptions thereof will be
omitted. However, it should be noted that the second~row pixel
potential Vd(2) is opposite in polarity to the first-row pixel
potential Vd({1).

[0087] Note that inthepresent embodiment, thegate lines GL;
to GL, are scanned in ascending oxrder of their numbers (i.e.,
"in the order: GL; — GL; — ... = GLz"}, as shown in FIG. 6.
Accordingly, the auxiliary capacitance signals C3S(1) to CSS(m)
are changed in potential similarly in ascending order of their
numbers (i.e., in the order: "CSS{l} — CSS(2} = ... CSS{m)"),

as shown in FIG. 12. However, the present invention is not
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limitedtotheaforementionedorder of scanningthegatelines GIL;
to GLy and the aforementioned order of changing the auxiliary
capacitance signals CSS(1l) to CSS{m) in potential. 1In the case
where the gate lines GL; to GLp are scanned in descending order
of their numbers (i.e., in the order: "GL, = ... = GL; — GL,"),
the auxiliary capacitance signals CSS (1) to CSS(m} are changed
in potential similarly in descending order of their numbers
{i.e., in the order: "CSS(m) —» ... CSS{2) = CSS(1}"}. Moreover,
the order of scanning the gate lines GI, t¢ GL, and the order
of changing the auxiliary capacitance signals CSS{1) to CSS{m)
in potential may be changeable.
[0088] <1.8 Operation during the Idle Period>

FIG. 16 is a signal waveform diagram describing the
operation of the CS driver 500 in the present embodiment,
particularxly focusingontheoperationduringtheidleperiod T2.
Inthepresent embodiment, one frame periodconsists of a scanning
period Tl and an idle period T2 following the scanning period T1,
as shown in FIG. 16. That is, the scanning period Tl and the
idle period T2 alternatingly occur in cycles of one frame period.
Before describing the operation of the CS driver 500, the
operation of the gate driver 400 will be described first. Here,
the cycle of each of the first and second gate clock signals GCKL
and GCK2 during the idle period T2 (referred to below as the
"idle-period gate cycle") will be denoted by the symbol tgck2.
In addition, the frequency of each of the first and second gate
clock signals GCK1 and GCK2 during the idle period T2 (referred
to below as the "idle-period gate frequency”™) will be denoted
by the symbol fgck2.
{0089] In the present embodiment, the idle period T2 is set

longer than the scanning period Tl. However, the present
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invention is not limited to this, and the idle period T2 may
be shorter than the scanning period T1.

[00S0] During the scanning period Tl, the gate driver 400
is driven at the scanning-period gate frequency fgckl, and the
scanning signals GOUT (1) to GOUT (m), which are state signals 2
respectivelyoutputtedbythefirst tom'thstages40(1) to40(m},
are seguentially set to a high-level potential in accordance
with the first and second gate clock signals GCK1 and GCK2. On
the other hand, during the idle period T2, the gate driver 400
is driven at the idle-period gate frequency £fgck2 lower than
the scanning-period gate frequency fgckl, and the scanning
signals GOUT(1) to GOUT(m) are maintained at a low-level
potential. That is, during the idle period T2, all of the gate
lines GL; to GLp are set in unselected state. Through the above
operation, power consumption for driving the gate driver 400
can be reduced. Note that during the idle period T2, the gate
clock signal GCK may be stopped from being supplied to the gate
driver 400, or the gate clock signal GCK may be maintained at
a low~level potential.

[0091] Next, the operation of the CSdriver 500 in the present
embodiment will be described. During the scanning period T1,
the control signals COUT(1l) to COUT(m-1), which are state
signals 2 respectively outputted by the first to (m-1)'th
stages 50(1) to 50(m-1), are sequentially set to a high-level
potential in accordance with the first and second CS clock
signals CCK1l and CCKZ. Note that the control signal COUT (m)
is set at a high—level potential during the first horizontal
scanning period within the idle period T2 following the scanning
period T1.

[0092] On the other hand, during the idle pericd T2, the CS



10

15

20

25

30

39

driver 500 operates differently compared to the operation during
the scanning period Tl. Here, the cycle of each of the first
and secondCS clocksignals CCKl and CCK2 during theidleperiod T2
(referred tobelowas the "idle-period CScycie”) will be denoted
by the symbol tcck2. 1In addition, the fregquency of each of the
first and second CS clock signals CCKl1l and CCK2 during the idle
period T2 (referred to below as the "idle~period CS frequency")
will be denoted by the symbol fcck2. Further, the amplitude
of each of the first and second CS clock signals CCK1l and CCK2
during the idle period T2 {referred to below as the "idle-period
CS amplitude") will be denoted by the symbol Vecck2.

[0093] The idle-period CS cycle tcck2 is longexr than the
scanning-period CS cycle tcckl, as shown in FIG. 16. That is,
the idle-period CS$ £frequency fcck2 1is lower than the
scanning-period CS frequency fcckl. Here, the scanning-period
CS frequency fcckl is desirably an integral multiple of the
idle-periodCS frequency fcck2. Asaresult, thedisplaycontrol
circuit 200 and other componentscanbeconfiguredinasimplified
manner. Moreover, the scanning-period CS frequency fcckl is
desirably greatexr than or equal to twice the idle-period CS
frequency fcck2. In other words, the idle-period CS
frequency fcck2 is desirably less then or equal to a half of
the scanning-period CS freqguency fcckl. As a result, power
consumption required for driving the CSdriver 500 can be reduced
significantly. Such control for the frequency {cycle) of the
CS clock signal CCK is performed by, for example, the display
control circuit 200. The control for the frequency (cycle) of
the gate clock signal GCK is also performed by, for example,
the display control circuit 200. Note that in the present

embodiment, the idle-period CS amplitude Vcck2 is equal in size
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to the scanning-period CS amplitude Vcckl.

[0094] The CS start pulse signal CSP is set at a high-level
potential during the first horizontal scanning period within
the idleperiod T2, as shownin FIG. 16. Accordingly, thecontrol
signals COUT (1) to COUT(m)} are sequentially set at a high-level
potential in accordance with the idle-period CS frequency fcck2
lower than the scanning-period CS frequency fcckl. In this
manner, during the idle period T2 of the present embodiment,
the control signals COUT (1) to COUT{m) are sequentially set to
a high-level potenfial in longer cycles than during the scanning
period T1l. During the idle period T2, once the potentials of
the control signals COUT(1l) to COUT(m} are set to high level,
the bias thin-film transistoxs 60(1) to 60(m) are brought into
on-state correspondingly. During the idle period T2, the first
and second bias signals Vcsl and Vcs2 are at the same potentials
as during the scanning period Tl. Therefore, there is no change
in the potentials of the auxiliary capacitance signals CSS(1i)
to CSS{m) respectively provided to the CS lines CL; to CLg.

[G085] FIG. 17 is a signal waveform diagram describing the
operation of the i'th-stage CS bistable circuit 50(i) in the
present embodiment, particularly focusing on the operation
during the idle period T2. ©Note that the other CS bistable
circuits also operate in a similar manner, and therefore, any
descriptions thereof will be omitted. 1In the description of
the operation during the idle period T2, a horizontal scanning
period in which the potential of a set signal 8 is at high level
will be referred to as a "set period", a period from the end
of the set period to the start of a selection period will be
referred to as a "selection waiting period”, a period from the

end of the selection period to the time the potential of the
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reset signal R changes to high level will be referred to as a
"reset waiting period", and a periocd in which the potential of
the reset signal R is maintained at high level will be referred
to as a "reset period”. Inaddition, any period within the idle
period T2, excluding the selection perioed, the set pericd, the
selectionwaitingperiod, the resetwaitingperiod, and the reset
period, will be referred to as a "normal operation period".
[0096] The operation during the set period {from time s0 to
time sl) is similar to the operation during the set period within
the scanning period T1l, and therefore, any description thereof
will be omitted.

[0097] Once the selection waiting period arrives (at
time sl), the potential of the set signal S changes from high
to low level, so that the thin-film transistor M3 is brought
into off-state (see FIG. 7). As a result, the first node N1
is brought into flcating state. Moreover, the first CS clock
signal CCKl is maintained at the low-level potential.
Accordingly, during the selection waiting period, the potential
of the first node N1 is maintained the same as during the set
period. Note that since the potential of the second CS clock
signal CCK2 changes to low level, the thin-film transistor M2
is brought into off-state.

[0098] The operation during the selection period (from
time 52 to time s3) is similar to the operation during the set
period within the scanning period T1, and therefore, any
description thereof will be omitted.

[0099] Once the reset waiting period arrives (at time s3),
the potential of the first CS clock signal CCK1l changes from
high to low level, so that the potential of the first node N1

drops because of influence of parasitic capacitance between the
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gate and the dxain of the thin-£film transistoxr M1l. The amount
of potential drop corresponds to the amount of potential rise
by the aforementioned bootstrap. Accordingly, the thin-film
transistor M1 is not brought into off-state. Therefore, by the
potential of the first CS clock signal CCKl changing from high
to low level as described above, the potential of the state
signal Z changes to low level. In addition, the potential of
the first CS clock signal CCK1l is maintained at the low level
thereafter as well, so that the potential of the state signal 2
is maintained at the low level.
{0100] The operaticn during the reset period {(one horizontal
scanning period from time s4) is similar to the operation during
the set period within the scanning period Tl, and therefore,
any description thereof will be omitted.
[0101] During the normal operation period (consisting of a
section before time s0 and a section after time s4 within the
idleperiod T2), the potential of the second CS clock signal CCK2
alternates between high and low levels every idle-period CS
cycle tcck2, so that the thin-film transistor M2 is brought into
on-state every idle-period CS cycle tcck2. Therefore, the
potential of the state signal Z can be maintained at low level.
[0102] <1.9 Consideration>

An example is considered where the drive method
described in Patent Document 3 is applied to a liquid crystal
display device with a monolithic CS driver, which is the CS
driver 500 shown in¥FIG. 9. Inthiscase, tokeeptheCSlines CL;
to CL, (auxiliary capacitance signals CS8S{1) to CSS(m))} at the
high potential Vh or the low potentiel V1 during the idle
period T2, it is necessary to maintain the bias thin-film

transistors 60(1) to 60{m) in off-state, or it is necessary to
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provide the first bias signals Vesl or the second bias
signals Vecs2 to the CS lines CL; to CL, through the bias thin~fiim
transistors 60(1) to 60 (m) while maintaining the bias thin-£film
transistors 60(1) to 60{(m) in on-state.

[0103] Inthe case where the bias thin-filmtransistors 60{1)
to 60(m) are maintained in off-state in order to keep the CS
lines CL; to CL, at the high potential Vh or the low potential V1
during the idle period T2, the CS lines CL; to CL, are brought
into fleoating state during the idle period T2. Accordingly,
during the idle period T2, the CS lines CL; to CLp become
susceptible to influence of noise or suchlike. As a result,
display quality might be reduced. On the other hand, in the
present embodiment, during the idle period 72, the CS driver 500
is driven in accordance with the first and second CS clock
signals CCK1 and CCK2, asdescribedabove, sothat thepotentials
of the control signals COUT(1l) to COUT{m) are sequentially set
to high level. Accordingly, the CS lines CL; to CLyare provided
with the high potential Vh or the low potential V1 when their
respective control signals COUT (1} to COUT(m) are set to a
high-level potential. As a result, in the present embodiment,
by the CS lines CL; to CL, being brought into floating state
during the idle period T2, the influence of noise or suchlike
on the CS lines CL; to CLy can be reduced, Thus, display quality
can be inhibited from being reduced.

0104} On the other hand, in the case where, to keep the CS
lines CL; to CL, at the high potential Vh or the low potential V1
during the idle period T2, the first bias signals Vcsl or the
second bias signals VcsZ2 are provided to the CS lines CL; to
CL, through the bias thin-film transistors 60{(1) to 60{m) being

maintained in on-state, it is necessary to keep providing a
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high-level potential to the gate terminals of the bias thin-£film
transistors 60{(1) to 60(m). Therefore, gate bias stress is
placed on the bias thin-film transistors 60(1l) to 60(m) for a
long period of time, the bias thin-film transistors 60(1) to
60({m) experience significant threshold variations. As a
result, thedriveperformance (reliability) ofthebiasthin-film
transistors 60(1) to 60(m) is reduced. On the other hand, in
the present embodiment, during the idle period T2, the CS driver
500 is driven in accordance with the first and second CS clock
signals CCK1l and CCK2, as described above, so that the control
signals COUT{1) to COUT(m) are sequentially set to a high-level
potential. Therefore, the high~level potential is provided to
each of the gate terminals of the bias thin-film transistors
60{1) to 60{m) only for one horizontal scanning period within
the idle period T2. As a result, in the present embodiment,
the gate bias stress on the bias thin-film transistors 60 (1)
to 60(m) is reduced, so that the threshold variations of the
bias thin-film transistors 60(1) to 60{m) are reduced. Thus,
the drive performance (reliability) of the bias thin-film
transistors 60(1l) to 60(m) can be inhibited frombeing reduced.
[0105] <1.10 Practical Example>

FPor the semiconductor lavers of the thin-film
transistors in the bistable circuits in the present embodiment,
for example, a-Si, an oxide semiconductor, or the like, can be
used. Note that as the oxide semiconductor, InGazZnO, (referred
to below as "IGZO"), which is an oxide semiconductor mainly
composed of indium, gallium, zinc, and oxygen, is typicallyused,
but the present invention is not limited to this. For example,
the oxide semiconductormay include at least oneof the following:

indium, gallium, zinc, copper, silicon, tin, aluminum, calcium,



10

15

20

25

30

45

germanium, and lead.

{01086] FIG. 18 is a graph showing drain current-gate voltage
characteristicsofana-SiTFTanda TFTwith an IGZ0 semiconductor
layer {referred to below as an "IGZO TFT"). In FIG. 18, the
horizontal axis represents the gate voltage Vg, and the vertical
axls represents the drain current Ids. As shown in FIG. 18,
the leakage current from the IGZO TFT is 1 / 1000 oxr less the
leakage current from the a-Si TFT, and the on-state current of
the IGZ0 TFT is about twenty times the on-state current of the
a~Si TFT.

[0107] In the case where a-Si TFTs are used, the frame
frequency can be reduced to, for example, about 45 Hz. On the
other hand, in the case where IGZ0 TFTs are used as the thin-film
transistors of the bistable circuits in the present embodiment,
the frame frequency can be reduced to, for example, about 0.2 Hz,
because the IGZO TFTs have low leakage current, as described
above, and therefore, pixel TFTs have little leakage current,
so that pixel potentials can be held for a longer period of time.
Accordingly, in the case where the IGZ0 TFTs are used, the drive
power of the C8 driver 500 can be reduced to 1 / 100 or less
compared to the case where the a-Si TFTs are used. More
specifically, in the case where the IGZ0O TFTs are used, when
the scanning-period C8 frequency fcckl is set at 60 Hz, the
idle-period CS frequency fcck2 can be set at about 0.1 to 1 Hz.
[0108] Furthermore, the IGZ0 TFTs have large on-state
current, as described above, and therefore, when the IGZ0O TFTs
are used, TFT size can be reduced to azbout 1 / 20 compared to
the case where the a-Si TFTs are used.

[0109] Note that in the case where the a-5i TFTs are used,

the present embodiment can be realized at lower cost compared
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[0110] <1.11 Effects>

In the present embodiment, one frame period includes
the idle period T2 following the scanning period Tl. Since the
idle~period CS freguency fcck?2 is lower than the scanning-period
CS frequency fcckl, the total drive frequency for the C8
driver 500 during one frame period is reduced. As a result,
the power consumption required for driving the CS driver 500
is reduced. In addition, since the CS driver 500 is formed
menolithically, the frame region of the liquid crystal display
panel 800 is reduced in area, and the cost of the C3 driver 500
is reduced.
[0111] Furthermore, in the present embodiment, the CS
lines CL; to CL, are provided with the high potential Vh or the
low potential V] when their respective control signals COUT (1)
to COUT{m)} are set to a high-level potential during the idle
period T2. As a result, the CS lines CL; to CLy are brought into
floating state during the idle period T2, so that the influence
of noise or suchlike on the CS lines CL; to CLy is reduced. Thus,
display quality can be inhibited from being reduced. Moreover,
thehigh-level potential isprovidedtoeachof thegate terminals
of the bias thin-film transistors 60(l) to 60(m) for one
horizontal scanning period during the idle period T2, so that
the gate bias stress on the bias thin-film transistors 60(1)
to 60{m) is reduced. As a result, threshold variations of the
bias thin-film transistors 60(1) to 60(m) are reduced, so that
the drive performance (reliability) of the bias thin-film
transistors 60(1l) to 60(m) can be inhibited from being reduced.
[0112] Furthermore, in the present embodiment, the idle

periodT2 is set longex thanthe scanningperiodTl, andthexefore,



10

15

20

25

30

47

even lower power consumption can be achieved.
[0113] In the case where IGZ0 TFTs are used as the thin-film
transistors of the CS bistable circuits in the present
embodiment, the idle-period CS frequency fcck2 can be further
reduced, because leakage current from the IGZO TFTs is
sufficiently small. Thus, power consumption can be reduced.
Moreover, in this case, TFT size can be rendered sufficiently
small, because the on-state current of the IGZ0 TFTs 1is
sufficiently high. Thus, the frame region can be rendered even
narrower.
[0114] On the other hand, in the case where a-38i TFTs are
used as the thin-film transistors of the CS bistable circuits
in the present embodiment, further cost reduction can be
achieved.
[0115] Note that in the present embodiment, since one frame
period includes the idle period T2 following the scanning
period T1l, the total drive frequency for the gate driver 400
during one frame period is reduced, so that the power consumption
required for driving the gate driver 400 can also be reduced.
In addition, during the idle period T2, the frequency of the
gate clock signals GCK is lower than during the scanning
period T1, so that the power consumption required for driving
the gate driver 400 can be reduced in this respect as well.
0116} <2. Second Embodiment>

<2.1 Operation during the Idle Period>

FIG. 19 is a signal waveform diagram describing the
operation of the CS driver 500 in & second embodiment of the
present invention, particularly focusingonthe operationduring
the idle period T2. Note that the present embodiment is the

same as the first embodiment except for operations during the
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idle period, and therefore, any descriptions of common points
therebetween will be omitted. In the present embodiment, the
idle~-period CS amplitude Vecck2 is smaller than the
scanning-period CS amplitude Veckl, as shown in FIG. 19. Note
that to reliably bring the bias thin-film transistors 60(1) to
60 {m) into on~state during the idle period T2, the idle-pexriod
CS amplitude Vcck2 is required to be greater than the threshold
voltage for thebias thin-filmtransistors 60(1) to 60(m). That
is, inthe present embodiment, the idle-period CS amplitude Vceck?2
is smaller than the scanning-period C$ amplitude Vcckl but
greater than the threshold voltage for the bias thin-film
transistors 60(1) to 60(m).
[0117] <2.2 BEffects>

In the present enbodiment, the idle-period CS
amplitude Veck2, which is the amplitude of each of the first
and seccnd CS clock signals CCKL and CCK2 during the idle
periocd T2, is smaller than the scanning-pericd CS
amplitude Vcckl, which is the amplitude of each of the first
and second CS8 clock signals CCK1l and CCK2 during the scanning
period Tl. Thus, even lower power consumption can be achieved.
Moreover, the gate bias stress on thebias thin-filmtransistors
60{1}) to 60(m} during the idle period V2 is reduced, so that
the reliability of the bias thin-film transistors 60{1) to 60 (m)
can pbe further enhanced.
o118} <3. Third Embodiment>

<3.1 Overall Configuration and Operation>

FIG. 20 is a block diagram illustrating the overall
configurationof an active-matrix liquidcrystal displaydevice
according to a third embodiment of the present invention. 1In

the present embodiment, the same elements as in the first
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embodiment are denoted by the same reference characters, and
any descriptions thereof will be omitted. The liquid crystal
display device according to the present embodiment includes a
gate/Cs driver 900 in place of the gate driver 400 and the CS
driver 500 of the first embodiment, as shown in FIG. 20. The
gate/CS driver 900 consists of the gate driver 400 and the CS
driver 500, as will be described later. The gate/CS driver 200
is formed integrally with the display portion 600 on the liquid
crystal display panel 800. That is, in the present embodiment,
the gate driver 400, not only the CS driver 500, is formed
integrally with the display portion 600. As with the CS
driver 500, the gate driver 400 is formed of, for example,
amorphous silicon, polycrystalline silicon, microcrystalline
silicon, or an oxide semiconductor (e.g., IG2Q) on the liguid
crystal display panel 800 including the display portion 600.
(0119] Unlike in the first embodiment, the display control
circuit 200 outputs neither the CS clock signal CCK nor the CS
start pulse signal CSP. That is, in the present embodiment,
the display control circuit 200 outputs only the digital video
signal DV, the source start pulse signal SSP, the source clock
signal SCK, the latch strobe signal LS, the gate start pulse
signal GSP, the gate end pulse signal GEP, the gate clock
signal GCK, the first bias signal Vcsl, and the second bias
signal Vcs2. 1In the present embodiment, the gate start pulse
signal GSP, the gate clock signal GCK, and the clock signal are
realized. Moreover, the gate start pulse signal GSP and the
gate clock signal GCK realize auxiliary capacitance clock
signals.

[0120] In accordance with the gate start pulse signal GSP

and the gate clock signal GCK outputted by the display control
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circuit 200, the gate driver 400 in the gate/CSdriver 300 repeats
application of scanning signals GOUT(1l) to GOUT(m} at a
high-level potential to the gate lines GL; to GL,, respectively,
incycles of one frame period. In accordance with the gateclock
signals GCK (first and second gate clock signals GCK1 and GCK2},
the first bias signal Vcsl, and the second bias signal Vcs2
outputied by the display control circuit 200, the CS driver 500
in the gate/CS driver 900 applies auxiliary capacitance
signals C8S5(1l) toC8S{m) tothe CS lines ClL; toCLy,, respectively,
to bias the pixel potentials Vd. In the present embodiment,
the first and second gate clock signals GCK1l and GCK2 realize
first shift operation clock signals.
[0121] <3.2 Configuration of the Gate CS DBriver>

FIG. 2l isablockdiagramdescribingtheconfiguration
of the gate/CSdriver 900 in the present embodiment. The gate/CS
driver 900 consists of the gate driver 400 and the CS driver 500,
as described above. The gate driver 400 consists of the gate
shift register 410 (hereinafter in the present embodiment,
referred to simply as the "shift registex"”) and an output buffer
group 420, as shown in FIG. 21. The €S driver 500 consists of
the shift register 410 and the CS output portion 520. That is,
in the present embodiment, the gate driver 400 and the CS
driver 500 share the shift register 410. In the present
embodiment, the shift register 410 realizes a first shift
register.
{01221 FIG. 22 1is a block diagram illustrating the
configurations of the gate driver 400 and the CS driver 500 in
the present embodiment, excluding the first-row stage and the
last-row stage. FPIG. 23 is a block diagram illustrating the

configuration of a portion of the gate driver 400 and the CS
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driver 500 in the present embodiment, including the first-row
stage. FIG.24isablockdiagramillustratingtheconfiguration
of a portion of the gate driver 400 and the CS driver 500 in
the present embodiment, including the last-rowstage. ©Note that
descriptions of common points with the first embodiment will
be omitted for convenience's sake.

{0123} The shift register 410 consists of m gate bistable
circuits (hereinafter in the present embodiment, referred to
simply as "bistable circuits"} 40{1) to 40(m), and a dummy
bistable circuit 40 (m+1l) (hereinafter, also referred to simply
as a "bistable circuit 40 (m+1)"), as shown in FIGS. 22 to 24.
The output buffer group 420 consists of m output buffers 70(1)
to 70(m). The CS output portion 520 consists of the m bias
thin~film transistors 60(1) to 60{(m), as described above. In
the present embodiment, the bistable circuits (gate bistable
circuits) realize first bistable circuits.

[0124) In the present embodiment, the bias thin-film
transistors 60(1) to 60(m) correspond to the bistable
circuits 40(1l) to 40{m), but they are staggered from each other
by one stage compared to the first embodiment. Specifically,
in the present embodiment, the bias thin-film transistors 60(1)
to 60{m) correspond to the bistable circuits 40(2) to 40 {(m+1},
respectively. WNote that the bias thin-film transistors 60(1)
to 60{m} correspond to the CS lines CL; to CL,, respectively,
as in the first embodiment. Each bias thin-film transistor is
connected at a gate terminal to an output terminal 49 (a terminal
from which a state signal Z is outputted) of its corresponding
bistable circuit, and at a drain terminal to its corresponding
CS line. BEach cdd~stage bias thin-film transistor is provided

with a first bias signal Vcsl at a source terminal, and each
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even-stage bias thin-film transistor is provided with a second
bias signal Vecs2 at a source terminal.
{0125] The output buffers 70(1) to 70(m) correspond to the
bistable circuits 40(1) to 40{m), respectively, and also
correspond to the gate lines GL; to GLp, respectively. Each
output buffer is realized, for example, by an AND circuit shown
in FIG. 25. Here, the AND circuit shown realizes the output
buffer 70(i). In some cases below, an output buffer and an AND
circuit that realizes the output buffer are represented by the
same numeral. FEachANDcircuitisconnectedatone input terminal
to an output terminal 49 of its corresponding bistable circuit
{i.e., a control signal is provided to the input terminal},
provided with its corresponding bias input signal Vgh at the
other input terminal, and connected at an output terminal to
its corresponding gate line. The bias input signal Vgh is
provided to the AND circuit by the display control circuit 200.
In addition, the bias input signal Vgh is set at a high-level
potential (Vdd potential) during the scanning period Tl, and
also set at a low-level potential (Vss potential) during the
idle period T2.
[0126]} <3.3 Operation of the Gate/CS Driver>

FIG. 26 is a signal waveform diagram describing the
operation of the gate/CS driver 800 in the present embodiment.
First, the operation during the scanning period T1 will be
described. During the scanning period T1, the gate/CS
driver 900 is driven at a scanning-period gate frequency fgckl.
After the gate start pulse signal GSP is set to a high-level
potential, control signals GOUT' (1) toGOUT' (m}) are sequentially
set toc a high-level potential in accordance with the first and

second gate clock signals GCK1l and GCK2, as shown in FIG. 26.
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During the scanning period T1, the bias input signal Vgh is at
a high—-level potential, and therefore, the potentials of output
signals from the AND circuits 70(1l} to 70(m) are set to high
levelcorrespondinglyas thecontrol signalsGOUT' {1} toGOUT' (m)
are set to a high-level potential. That is, the scanning
signals GOUT({1l) to GOUT{m) are set to a high-level potential
correspondingly as the control signals GOUT' (1} to GOUT' (m) are
set to a high-level potential.

[0127] Here, itisassumedthatduringthescanningperiod TI1,
thepotential of the firstbiassignalVecslisahighpotential Vh,
and the potential of the second bias signal Vcs2 is a low
potential V1. When the control signal GOUT'’ (2}, which is an
output signal from the second-stage bistable circuit 40(2), is
set to a high-level potential, its corresponding bias thin-film
transistor 60(1) is brought into on-state. Since the bias
thin-film transistor 60(1l) has the first bias signal Vcsl
provided at the source terminal, the potential of the auxiliary
capacitance signal CSS({1) applied to the CS line (1) changes
to the high potential Vh. The potential of the auxiliary
capacitance signal CSS(1l) ismaintaineduntil thebias thin-film
transistor 60(1) is brought into on-state during the following
frame period.

[0128] When the control signal GOUT' {3), which is an output
signal £rom the third-stage bistable circuit 40(3), is set to
a high-level potential, its corresponding bias thin-film
transistor 60(2) 1is brought into on-state. Since the bias
thin-film transistor 60(2) has the second bias signal Vcs2
provided at the source terminal, the potential of the auxiliary
capacitance signal CSS{2) applied to the CS line (2) changes

to the low potential V1. The potential of the auxiliary
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capacitance signal CSS(2) ismaintaineduntil thebias thin-film
transistor 60(2) is brought into on-state during the following
frameperiod. Thereafter, thepotentialofeachoftheauxiliary
capacitance signals applied to the CS lines changes sequentially
as well in accordance with control signals, which are output
signals from the bistable circuits.

{0129} Note that to set the auxiliary capacitance
signals CS8S{l) toCSS{m) sequentially to a high-level potential
during the idle period T2, the gate start pulse signal GSP is
set to a high-level potential again during the last horizontal
scanning period within the scanning period T1, as shown in
FIG. 26.

[(0130] Next, the operation during the idle period T2 will
be described. During the idleperiod T2, the gate/CS driver 500
is driven at an idle~period gate frequency fgckZ lower than the
scanning-period gate frequency fgckl. Since the gate start
pulse signal GSP is set at a high-level potential during the
last horizontal scanning period within the scanning period T1,
as described above, the control signals GOUT' (1) to GOUT' (m)
are sequentially set to a high-level potential in accordance
with the first and second gate clock signals GCK1 and GCK2, which
are at the idle-period CS frequency fcck2 lower than the
scanning-period C3S frequency fcckl. However, during the idle
period T2, the bias input signal Vgh is at a low—level potential,
and therefore, the potential of each of the output signals from
the ANDcircuits 70{1) to 70{m) ismaintained at low level. That
is, during the idle period T2, the scanning signals GOUT (1) to
GOUT {m) are maintained at a low-level potential,

[0131] Furthermore, during the idle period T2, once the

control signals GOUT'(l) to GOUT' (m) are sequentially set to
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a high-level potential, the bias thin-film transistors 60(1)
to {m) are brought into on-state correspondingly. During the
idle period T2, each of the first and second bias signals Vcsl
and Ves2 is at the same potential as during the scanning period
Tl. Accordingly, there is no change in the potentials of the
auxiliary capacitance signals CSS{1) to CSS(m) respectively
provided to the CS lines CL; to CL,.
[0132] Note that in the present embodiment, theconfiguratiocon
and the operation of the bistable circuits are the same as the
configuration and the operation of the gate bistable circuits
or the CS bistable circuits in the first embodiment, and
therefore, any descriptions thereof will be omitted.
{0133] <3.4 Effects>

In the present embodiment, the shift registexr 410 can
be shared between the gate driver 400 and the CS driver 500.
Asaresult, circuit scalecanbe reduced, leading to, for example,
anevennarrower frame region. Inaddition, thegatedriver 400,
not only the CS driver 500, is formed monolithically, resulting
in reduced cost of the gate driver 400 and a further narrowing
of the frame region.
[0134] Note that in the case where the amplitude of each of
the first and second gate clock signals GCK1l and GCK2 during
the idle period T2 {referred to below as the "idle-period gate
amplitude") is set lower than the amplitude of each of the first
and second gate clock signals GCK1 and GCK2 during the scanning
period T1i (referred to below as the "scanning-period gate
amplitude"), even lower power consumption can be achieved.
However, in such a case, the idle-period gate amplitude is less
than the scanning-period gate amplitude but greater than both

the threshold voltage for the bias thin-film transistors 60 (1)
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£0 60 (m) and the threshold voltage for the thin-filmtransistors
that realize the output buffers 70{1l) to 70(m).
[0135] Note that the output buffers are not limited to the
AND circuits so long as each of them can substantially ocutput
the logical AND cf a buffer input signal Vgh provided and a
control signal, which is an output signal from its correspeonding
bistable circuit.
[0136] <4. Fourth Embodiment>

<4.1 Configuration of the CS Driver>

FIG. 27 1is a block diagram illustrating the
configuration of the CS driver 500 in a fourth embodiment of
the present inventiocn. Note that the present embodiment is the
same as the first embodiment except for the structure of the
CS driver 500 and the operation during the idle period, and
therefore, any descriptions of common points therebetween will
be omitted. In the present embodiment, the CS driver 500
further includes midle operation thin-filmtransistors (second
switching elements) 61(1) to 61{m) provided corresponding to
the CS lines CL; to CLm, respectively, as shown in FIG. 27.
Moreover, the idle-operation thin-film transistors 61(1) to
61 (m) correspond to the CS bistable circuits 50(1) to 50(m),
respectively.
[0137] Each idle-operation thin-film transistor is provided
with an idle-period operation clock signal ALL ON at a gate
terminal, and is connected at a drain terminal to its
corresponding CS line. The idle-period operation clock signal
ALL ON is provided by the display control circuit 200.
Moreover, the idle-period operation clock signal ALL ON is set
constantly at a low-level potential during the scanning

period Tl. ©Note that in the following, the cycle of the
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period T2 (referred tobelow as the "idle-period ALL ON cycle™)
will be denoted by the symbol tack2. Inaddition, the frequency
of the idle-period operation clock signal ALL_ON during the idle
period T2 (referred to below as the "idle-period ALL_ON
frequency") will be denoted by the symbol fack2,
[0138] The idle-period operation clock signal ALL ON is set
to a high-level potential every idle-period ALL ON cycle tackz.
The idle-period ALL ON cycle tack2 is longer than the
scanning-periocdCScycle tcckl., Thatis, theidle-periodALL ON
frequency fack2?2 1is lower than the scanning-period CS
frequency fcckl.
[0139} Each idle-operation thin-film transistor
corresponding to an odd-stage CS bistable circuit is provided
with a firxst bias signal Vcsl at a drain terminal. On the cther
hand, each idle-operation thin-film transistor corresponding
to an even-stage CS bistable circuit is provided with a second
bias signal Vcs2 at adrainterminal. Inthepresent embodiment,
the idle-period operation clock signal ALL_ON, the CS clock
signal CCK, and the CS start pulse signal CSP realize auxiliary
capacitance clock signals.
[0140] <4.2 Operation of the CS Driver>

FIG. 28 is a signal waveform diagram describing the
operationof theCSdriver 500 in the present embodiment, focusing
especially on the operation during the idle period T2. The
idle-period operation clock signal ALL ON is maintained at a
low-level potential during the scanning period Tl, as described
above.
[0141] In the present embodiment, unlike in the £first

embodiment, each of the first and second CS clock signals CCK1
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and CCK2Z is maintained at a low-level potential during the idle
period T2. In this case, the idle-period CS frequency fcck2
is 0. In addition, the CS start pulse signal CSP is not set
to a high-level potential during the idle period T2.
Accordingly, each of the control signals COUT({1l} to COUT(m) is
not set to a high-level potential during the idle period T2.
In addition, the idle-period operation clock signal ALL ON is
set to a high-level potential every idle period ALL_ON
cycle tack? during the idle period T2. When the idle-period
cperation clock signal ALL ON is set to a high-level potential,
the idle-~operation thin-film transistors 61(1l) to 61 (m) are
brought into on-state. The potential of each of the first and
second bias signals Vecsl and Ves2 during the idle period T2 is
the same as during the scanning period Tl. Therefore, there
is no change in the potentials of the auxiliary capacitance
signalsC8S(1) to'CSS(m) respectivelyprovidedtotheCSlines CL;
to CLg.
[0142] Note that the operation of the CS driver 500 other
than the above is the same as in the first embodiment, and
therefore, any description thereof will be omitted.
[0143] <4.,.3 Effects>

In the present embodiment, the CS lines CL; to ClL,
are provided with the high potential Vh or the low potential V1
when the idle-period operation clock signal ALL ON is set to
a high-level potential during the idle period T2, rather than
when their respective control signals COUT (1) to COUT{m) are
set to a high-level potential. Accordingly, the CS lines CL;
to CLyare brought into floating state during the idle period TZ,
so that the influence of noise or suchlike on the CS lines CLi

to CL,is reduced. BAs a result, display quality canbe inhibited
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from being reduced. Moreover, each of the first and second CS
clocksignalsCCK1 and CCK2 ismaintainedat a low-level potential
during the idle period T2, so that even lower power consumption
can be achieved. In addition, since each of the control
signals COUT(1l) to COUT(m) is not set to a high~level potential
during the idle period T2, the gate bias stress on the bias
thin-film transistors 60(1l) to 60(m) is further reduced.
Accordingly, threshold variations of the bias thin-film
transistors 60(1) to 60{m) are further reduced, so that the
reliability of the bias thin-film transistors 60{(1) to 60 (m)
can be further enhanced. Note that even in the case where there
are threshold variations of the idle-operation thin-film
transistors 61 (1) to 61(m}, display is less affected compared
to the case where there are threshold variations of the bias
thin-film transistors 60(l) to 60{(m).
[0144] <5. Fifth Embodiment>

<5.1 Configuration and Operation of the CS Shift
Register>

FIG. 29isablockdiagramdescribing theconfiguration
of the CS shift register 510 in a fifth embodiment of the present
invention. WNote that the present embodiment is the same as the
first embodiment except for the configuration and the operation
of the CS shift register 510, and therefore, any descriptions
of common points therebetween will be omitted. In the present
embodiment, the CS clock signal CCK provided to the CSdriver 500
by the display control circuit 200 consists of three phases,
i.e., CS clock signals CCK1 to CCK3. 1In the following, the CS
clock signal CCK3 will be referred to as the "third CS clock
signal"”. The first CS clock signal CCK1l, the second CS clock
signal CCK2, and the third CS clock signal CCK3 are out of phase
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from one another by one horizontal scanning period, and each
of them is set at a high-~level potential (Vdd potential) for
one of the three horizontal scanning periods {except for during
the idle period T2).
[0145] The following signals are provided to the input
terminals of the stages (CS bistable circuits) in the CS shift
register 510. The first CS clock signal CCK1l is provided to
the (i~2)'th stage as a first clock signal CK1l, and the second
CS clock signal CCK2 as a second clock signal CK2. The second
CS clock signal CCK2 is provided to the (i-1) 'th stage as a first
clock signal CK1, and the third CS clock signal CCK3 as a second
clock signal CK2. The third CS clock signal CCK3 is provided
to the i'th stage as a first clock signal CKL1, and the first
CS clock signal CCK1l as a second clock signal CK2. Note that
the signals provided to the terminals intended for receiving
set signals 8 and reset signals R are the same as in the first
embodiment, and therefore, any descriptions thereof will be
omitted.
[0145%] In the configuration as above, when a CS start pulse
signal CSP is provided to the first stage 50(1) of the CS shift
register 510 as a set signal S, control signals that are to be
sequentially set at a high-level potential for one horizontal
scanning period each are provided to the CS output portion 520
within the CS driver 500 in accordance with the first CS clock
signal CCKl, the second CS clock signal CCK2, and the third CS
clock signal CCX3, as shown in FIG. 30.
[0147] <5,2 Power Consumption>

In general, power consumption W required for driving
the CS driver (hereinafter, simply referred to as "power

consumption W") can be obtained by eguation (1) below.
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W=mnx£fx (Cp+ Ct) xv® .. (1),

where nrepresents the number cf phases of theCSclocksignal CCK,
f represents the frequency of the CS clock signal GCK, Cp
represents wiring capacitance, and Ct represents load
capacitance of the thin-film transistors.

(0148} In the first embodiment, the number of phases of the
CS clock signal CCK is two. Accordingly, based on equation (1),
power consumption W for the first embodiment can be expressed
by equation (2} below.

W=2xfx (Cp+ Ct} x V¥ «« (2)

{0149] On the other hand, in the present embodiment, the
number of phases of the €S clock signal CCK is three. Moreover,
looking at each phase of the CS clock signal CCK (hereinafter,
simply referred to as "each phase'), the number of input
terminals 41 or 42 of the bistable circuits to which each phase
is provided in the present embodiment (referred to below as "the
number of connections™) is less than the number of connections
in the first embodiment. This means a reduction in the load
capacitance of the thin-film transistors for each phase. In
the first empodiment, each phase is provided alternatingly to
either the input terminal 41 or 42 of each stage, and therefore,
the number of connections is m. ©Note that for convenience's
sake, the dummy stage 50 (m+1) is not taken into consideration
here. On the other hand, in the present embodiment, each phase
is provided alternatingly to either the input terminal 41 or
42 of every other stage, so that each stage receives two of the
phases at the input terminals 41 and 42, and therefore, the number
of connections is (2 / 3) x m. That is, the load capacitance
of the thin-film transistors for each phase in the present

embodiment is 2 / 3 of that for the first embodiment.
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Accordingly, based on equation (1}, powexr consumption W for the

present embodiment can be expressed by equation (3) below.
W=3x%x£fx (Cp+ (2/3)%xct) x v « (3)

[0150] Here, assuming that Cp = Ct / 3, equations (2) and

{3} can be expressed by equations (4) and (5), respectively,

as below,
W=2.67 x £ xCt x V2. (4)
W=2x7fxCt x V% .. (5)
[0151] From equations (4} and (5), power consumption W for

the present embodiment can be reduced by about 30% compared to
that for the first embodiment.
[0152] <5.3 Effects>

In the present embodiment, the number of phases of
the CS clock signal CCK is three. Accordingly, the number of
input terminals 41 or 42 of the CS bistable circuits to which
each phase is provided (the number of connections) is less than
the number of connections in the first embodiment. As aresult,
the load capacitance of the thin-film transistors for each phase
is reduced. Thus, even lower power consumption canbe achieved.
[0153] <6. Others>

In the above embodiments, the display control
circuit 200 desirably controls the frequencies and the
amplitudes of the CS clock signal CCK and the gate clock
signal GCK, but such control may be performed by each of the
CS driver 500 and the gate driver 400.
[0154)] The present invention 1is not limited to the
configurations of the CS bistable circuit and the gate bistable
circuit as exemplified in the embodiments, and various
modifications can be made.

{01557 The C8 clock signal CCK consists of two phases in the
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first embodiment, and it also consists of three phases in the
fifth embodiment, but the present invention is not limited to
this. TheCSclocksignal CCKmayconsist of four or more phases.
{0156] In the above embodiments, the thin-film transistors
provided in the bistable circuits have been described as all
being of an n-channel type, but the present invention is not
iimited to this. The present invention can be applied as well
even when the thin-film transistors provided in the bistable
circuits are of a p-channel type.

[0157] Furthermore, various modifications can be made to the
embodiments without departing from the sprit and scope of the
present invention.

{0158] Thus, the present invention renders it possible to
provide a liquid crystal display device with reduced power
consumption employing a CS drivemethod, and amethod for driving

auxiliarycapacitancelinesintheliquidcrystaldisplaydevice.

INDUSTRIAL APPLICABILITY
(0159} The present invention can be applied to liquidcrystal

display devices with monolithic drivers.

DESCRIPTION OF THE REFERENCE CHARACTERS
[0160] 40(1) to 40{m) «gate bistable circuit (bistable
circuit)
240 (m+1) gate bistable circuit (dummy stage)
41 fo 44 input terminal (input node)
49 output terminal (output node)
50(1) to50(m} CSbistablecircuit (bistablecircuit)
50{m+1l}) CS bistable circuit (dummy stage)

60{(1) to 60{(m) bias thin-film transistor (first
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switching element)

61(1) to 61(m) idle-operation thin-film transistor

{(second switching element)

element)

circuit}

70(1) to 70(m) output buffer (AND circuit)

80 pixel thin-film transistor (pixel switching

300 sourcedriver (video signal line driver circuit)
400 gatedriver (scanningsignal linedrivercircuit)
410 gate shift register
420 output buffer group

500 CS driver {auxiliary capacitance line driver

510 CS shift register

520 C8 output portion

600 display portion

800 liquid crystal display panel

900 gate/CS driver

Ep pixel electrode

Ccs auxiliary capacitor

M1l to M4 thin-film transistor (switching element)
Cl capacitor {capacitance element)

N1 first node

CSP (S start pulse signal

GSP gate start pulse signal

CCK1 to CCK3 first CS clock signal to third CS clock

signal {first shift operation clock signal)

signal

GCK1l, GCK2 firstgateclocksignal, secondgate clock

{second shift operation clock signal}

S set signal

R reset signal
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CSS5{1) to CSS{m) auxiliary capacitance signal
COUT (1) to COUT(m) control signal

GOUT{1) to GOUT(m) scanning signal

GOUT' (1) to GOUT’ (m} control signal
ALL_ON idle-period operation clock signal
Tl scanning period

T2 idle period

tcckl scanning-period CS$ cycle

tcck2 idle-period CS cycle

tack2 idle-period ALL ON cycle

fececkl scanning-period CS frequency

fcck2 idle-period C8 freguency

fack2 idle period ALL_ON frequency

Veckl scanning-period CS amplitude

Veck?2 idle-period CS amplitude

Vss low-level direct-current power source potential

Vdd high-level direct-current power sourcepotential
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CLAIMS

1. A liquid crystal display device comprising:

a display portion including a plurality of video signal lines, a plurality of
scanning signal lines crossing the video signal lines, a plurality of pixel forming
portions including respective pixel electrodes arranged in a matrix so as to correspond
to the video signal lines and the scanning signal lines, a plurality of auxiliary
capacitance lines arranged along the scanning signal lines, and auxiliary capacitors
formed between the auxiliary capacitance lines and the pixel -electrodes
corresponding to the scanning signal lines along the auxiliary capacitance lines;

a display control circuit for generating clock signals alternating between on-
and off-levels cyclically;

a scanning signal line driver circuit for driving the scanning signal lines such
that a scanning period in which the scanning signal lines are selected sequentially
and an idle period in which all of the scanning signal lines are in an unselected state
alternate with each other in cycles of a frame period consisting of the scanning period
and the idlé period; and

an auxiliary capacitance line driver circuit formed integrally with the display
portion to drive the auxiliary capacitance lines independently of one another in
accordance with auxiliary capacitance clock signals included in the clock signals,
wherein,

the auxiliary capacitance line driver circuit includes a first shift register with
a plurality of first bistable circuits cascaded to one another, the first shift register
sequentially setting output signals from the first bistable circuits to an on-level in
accordance with first shift operation clock signals included in the auxiliary
capacitance clock signals, and

the first shift operation clock signals have a lower frequency during the idle

period than during the scanning period.

2. The liquid crystal display device according to claim 1, wherein the first shift

operation clock signals have a lower amplitude during the idle period than during the
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scanning period.

3. The liquid crystal display device according to claim 1, wherein the idle

period is longer than the scanning period.

4. The hiquid crystal display device according to claim 1, wherein,

the auxiliary capacitance line driver circuit further includes a plurality of first
switching elements with first conduction terminals respectively connected to the
auxiliary capacitance lines,

the display control circuit provides a bias signal to a second conduction
terminal of each of the first switching elements, the bias signal switching between
two potentials every frame period and being fixed at one of the potentials during each
frame period, and

each of the first switching elements is provided with an output signal at a
control terminal, the output signal being derived from the first bistable circuit that
corresponds to the auxiliary capacitance line connected to the first conduction

terminal of the first switching element.

5. The liquid crystal display device according to claim 4, wherein,

the display control circuit provides a first bias signal as the bias signal to the
second conduction terminal of one of the first switching elements whose first
conduction terminals are respectively connected to adjacent auxiliary capacitance
lines, and also provides a second bias signal as the bias signal to the second
conduction terminal of the other of the first switching elements whose first
conduction terminals are respectively connected to the adjacent auxiliary capacitance
lines, and

the first bias signal and the second bias signal differ in potential during each

frame period.

6. The liquid crystal display device according to claim 4, wherein,

the auxiliary capacitance line driver circuit further includes a plurality of
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second switching elements respectively corresponding to the first switching elements,

the display control ecircuit provides an idle-period operation clock signal
included in the auxiliary capacitance clock signal to a control terminal of each of the
second switching elements, the idle-period operation clock signal having a potential
that is at an off-level during the scanning period and that alternates between on- and
off-levels cyclically during the idle period, and also having a lower frequency during
the idle period than a frequency of the first shift operation clock signals during the
scanning period,

a first conduction terminal of each of the second switching elements is
connected to the auxiliary capacitance line that is connected to the first conduction
terminal of the first switching element that corresponds to the second switching
element, and

the bias signal provided to the second conduction terminal of the first
switching element that corresponds to the second switching element is provided to a

second conduction terminal of each of the second switching elements.

7. The Liquid crystal display device according to claim 1, wherein the first shift

operation clock signals are of three or more phases different from one another.

8. The liquid crystal display device according to claim 1, wherein the scanning

signal line driver circuit is formed integrally with the display portion.

9. The liquid crystal display device according to claim 8, wherein the scanning
signal hne driver circuit includes a second shift register for sequentially setting
output signals from a plurality of second bistable circuits cascaded to one another, to
an on-level in accordance with a plurality of second shift operation clock signals
included in the clock signals, the scanning signal line driver circuit providing the
output signals from the second bistable circuits to the scanning signal lines,

respectively.

10. The hquid erystal display device according to claim 8, wherein,
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the scanning signal line driver circuit and the auxiliary capacitance line

driver circuit share the first shift register,

the scanning signal line driver circuit further includes a plurality of cutput
buffers provided corresponding to the first bistable circuits respectively,

the display control circuit provides the output buffers with buffer input
signals being set at an on-level during the scanning period and also at an off-level
during the idle period, and

the output buffers provide the scanning signal lines with logical ANDs of the
buffer input signals and output signals from the first bistable circuits corresponding

thereto.

11. The liquid crystal display device according to claim 8, wherein the
scanning signal line driver circuit and the auxiliary capacitance line driver circuit are
realized using thin-film transistors whose semiconductor layers are made of an oxide

semiconductor.

12. The liquid crystal display device according to claim 8, wherein the
scanning signal line driver circuit and the auxiliary capacitance line driver circuit are
realized using thin-film transistors whose semiconductor layers are made of

amorphous silicon.

13. The liquid crystal display device according to claim 1, wherein the
auxiliary capacitance line driver circuit is realized using thin-film transistors whose

semiconductor layers are made of an oxide semiconductor.

14. The liquid crystal display device according to claim 1, wherein the
auxiliary capacitance line driver circuit is realized using thin-film transistors whose

semiconductor layers are made of amorphous silicon.

15. A drive method for auxiliary capacitance lines in a liquid crystal display

device provided with a display portion including a plurality of video signal lines, a
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plurality of scanning signal lines crossing the video signal lines, a plurality of pixel
forming portions including respective pixel electrodes arranged in a matrix so as to
correspond to the video signal lines and the scanning signal lines, a plurality of
auxiliary capacitance lines arranged along the scanning signal lines, and auxiliary
capacitors formed between the auxiliary capacitance lines and the pixel electrodes
corresponding to the scanning signal lines along the auxiliary capacitance lines, a
display control circuit for generating clock signals alternating between on- and
off-levels cyclically, a scanning signal line driver circuit for driving the scanning
signal lines, and an auxiliary capacitance line driver circuit formed integrally with
the display portion to drive the auxiliary capacitance lines, the method comprising
the steps of*

driving the scanning signal lines such that a scanning period in which the
scanning signal lines are selected sequentially and an idle period in which all of the
scanning signal lines are in an unselected state alternate with each other in cycles of
a frame period consisting of the scanning period and the idle period;

driving the auxiliary capacitance lines independently of one another in
accordance with auxiliary capacitance clock signals included in the clock signals; and

setting first shift operation clock signals included in the auxiliary capacitance
clock signals at a lower frequency during the idle period than during the scanning
period, wherein,

the auxiliary capacitance line driver circuit includes a first shift register with
a plurality of first bistable circuits cascaded to one another, the first shift register
sequentially setting output signals from the first bistable circuits to an on-level in

accordance with the first shift operation clock signals.

16. The drive method according to claim 15, wherein the first shift operation
clock signals have a lower amplitude during the idle period than during the scanning

period,

17. The drive method according to claim 15, wherein the idle period is longer

than the scanning period.
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18. The drive method according to claim 15, wherein the first shift operation

clock signals are of three or more phases different from one another.



