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(57) ABSTRACT

In a signal line drive circuit of an active-matrix type liquid-
crystal display which is a voltage-controlled type display
with a capacitive load, n selector switches (161 to 16#) are
provided between buffer circuits (151 to 15#) to which
voltages responsive to an image to be displayed are inputted
from reference voltage selection circuits (131 to 13#), and
output terminals (T1 to Tn) to which are connected image
signal lines. These selector switches (161 to 16#), based on
a shorting control signal (Csh) that is at a high level when
the polarity is reversed to perform AC drive of the liquid-
crystal panel, switch the output signals (OUT1 to OUTn of
the image signal line drive circuit between the output signals
of the buffer circuits (151 to 15x) and the common electrode
signal (Vcom). By doing this, each of the image signal lines
is, for a prescribed time only when the polarity is reversed,
separated from the buffer circuits (151 to 15#) and shorted
to the common electrode. This configuration reduces the
power consumption of the signal line drive circuit
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 11
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DISPLAY DEVICE, DRIVE CIRCUIT FOR THE
SAME, AND DRIVING METHOD FOR THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a display device
with voltage-controlled active-matrix drive, having a capaci-
tive load, such as in an active-matrix type liquid-crystal
display device, and more particularly to a drive circuit for
such a display device.

[0003] 2. Background Art

[0004] From the standpoint of extending battery life, there
is a serious need to reduce the power consumption in
portable information equipment, such as mobile telephones,
personal digital assistants (PDAs), and laptop computers.
With improvements in processing performance and usable
functionality, portable information products, have come to
require improved display capabilities, with both high display
quality and a larger number of display colors. For this
reason, in order to meet the demands for improved display
capabilities, active-matrix type liquid-crystal displays (here-
inafter referred to as TFT-L.CDs) implemented using thin-
film transistors (TFTs) are beginning to see use in even such
portable information products.

[0005] A liquid-crystal panel in a TFT-LCD device (here-
inafter referred to as a TFT-LCD panel) has a pair of
mutually opposing substrates (a first substrate and a second
substrate). These substrates are held fixed with a prescribed
distance therebetween (typically several gm) with a liquid-
crystal material forming a liquid-crystal layer so as to fill the
space between the substrates. At least one of these substrates
is transparent, and in the case of making a transmissive-type
display, both substrates must be transparent. In a TFT-LCD
panel, the first substrate is provided with a plurality of
mutually parallel scanning signal lines and a plurality of
image signal lines, which are perpendicular to the scanning
signal lines. Pixel electrodes are provided at the intersection
locations between scanning signal lines and image signal
lines, as are pixel TFTs, which serves as switching elements
for the purpose of making electrical connection between the
pixel electrodes and the corresponding image signal line.
The gate terminal of a pixel TFT is connected to a scanning
signal line the source terminal of the pixel TFT is connected
to an image signal line, and the drain terminal of the pixel
TFT is connected to the pixel electrode.

[0006] A common electrode, serving as an opposing elec-
trode, is formed over the entire surface of the second
substrate, which opposes the first substrate. An appropriate
voltage is applied to the common electrode by a common
electrode drive circuit, so that a voltage corresponding to
potential difference between the pixel electrode and the
common electrode is applied across the liquid-crystal layer.
Because this applied voltage can be used to control the light
transmissivity of the liquid-crystal layer, it is possible to
create a desired pixel display by applying an appropriate
voltage from the image signal lines.

[0007] In order to prevent deterioration of the liquid
crystal and to maintain display quality, the above-described
TFI-LCD panel is driven by AC drive. Specifically, the
TFT-LCD panel is driven so that the polarity of the voltage
applied to the liquid crystal is reversed, for example every
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horizontal scan period. Additionally, in order to reduce the
amplitude of the voltage on the image signal line, the
potential on the common electrode is changed in response to
the above-noted AC drive (by applying what is hereinafter
referred to as an AC common electrode signal).

[0008] However, even if the use of an AC common elec-
trode signal reduces the amplitude of the voltage on the
image signal line, there is still a large variation in potential
on the image signal lines when the polarity reverses to
achieve AC drive. It is therefore necessary for the image
signal line drive circuit to have sufficient capacitive load
drive capacity to cause this large a potential change with
respect to the capacitive load presented by a TFT-LCD
panel. For this reason, the image signal line drive circuit
consumes a large amount of power, thereby hindering the
achievement of low power consumption in a TFI-LCD
display.

SUMMARY OF THE INVENTION

[0009] Accordingly, it is an object of the present invention
to provide a display device which reduces the power con-
sumption of the AC drive circuit that applies to a capacitive
load a voltage responsive to an image to be displayed while
reversing the polarity thereof with a prescribed period.

[0010] One aspect of the present invention is a display
device in which a voltage serving as an image signal
representing an image to be displayed is applied to a
capacitive load including a capacitance formed by mutually
opposing first and second electrodes, and which has a drive
circuit that causes the voltage applied to the capacitive load
to reverse polarity periodically, this display device having

[0011] an image signal line drive circuit which sup-
plies a voltage signal responsive to an image to be
displayed to the first electrode relative to the second
electrode as a reference, and

[0012] a connection switching circuit which when the
polarity of the voltage applied to the capacitive load
is reversed, separates the first electrode from the
image signal line drive circuit and shorts the first
electrode to an electrode providing a voltage level
that is equivalent to the voltage supplied to the
second electrode.

[0013] By adopting the above-noted configuration, when
the polarity of the voltage applied to the capacitive load is
reversed, the first electrode is electrically separated from the
image signal line drive circuit and shorted to an electrode
providing a voltage level that is equivalent to the voltage
supplied to the second electrode, the charge that had been
accumulated in the capacitive load being thereby dis-
charged. By doing this, the amount of change in the potential
at the first electrode required after the polarity reversal is
reduced. Therefore, even if the drive capacity of the image
signal line drive circuit is smaller than in the past, it is
possible to reduce the power consumption image signal line
drive circuit and also possible to reduce the size of the
transistors used to implement the buffer circuit within the
image signal line drive circuit. As a result, it is possible to
achieve a reduction in both the size and the cost of the
display device.

[0014] In a display device such as described above, it is
preferable that the electrode providing a voltage level that is
equivalent to the voltage supplied to the second electrode be
the second electrode itself.
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[0015] By using the second electrode as the electrode
providing a voltage level that is equivalent to the voltage
supplied to the second electrode, when reversing the polarity
of the voltage applied to the capacitive load, the first
electrode is electrically separated from the image signal line
drive circuit and shorted to the second electrode, so that the
charge accumulated in the capacitive load is directly dis-
charged without going through the power supply. By doing
this, similar to the general configuration first described
above, it is possible to reduce the power consumption of the
image signal line drive circuit and also reduce the size of the
buffer circuit in the image signal line drive circuit, thereby
enabling a reduction in both the size and the cost of the
display device.

[0016] In a display device configured as described above,
it is possible for the drive circuit to apply as the image signal
to the capacitive load a voltage representing an image to be
displayed based on a horizontal scan and a vertical scan, and
cause the polarity of the applied voltage to be reversed at the
time of switching of a scan line in the horizontal scan.

[0017] By adopting this configuration, in an image display
based on horizontal and vertical scanning, that is in the
display of an image assembled by repeating a horizontal
scan at a prescribed period as the scan starting position is
shifted a small amount at a time in the vertical direction, the
polarity of the voltage applied to the capacitive load is
reversed at the time that the horizontal scan line is switched,
and each time the reversal occurs the first electrode is
electrically separated from the image signal line drive circuit
and shorted to an electrode providing a voltage level that is
equivalent to the voltage supplied to the second electrode,
the charge that had accumulated in the capacitive load being
thereby discharged. By doing this, there is a large effect, for
example in reducing the power consumption of the image
signal line drive circuit.

[0018] This display device can be further configured so as
to have

[0019] a plurality of image signal lines serving as the
first electrodes,

[0020] a plurality of scanning signal lines intersect-
ing with the plurality of image signal lines,

[0021] a plurality of pixel formation parts each cor-
responding to one of points of intersection between
the plurality of image signal lines and the plurality of
scanning signal lines, and disposed in a matrix
arrangement, and

[0022] a scanning signal line drive circuit which
selectively drives the plurality of scanning signal
lines,

[0023] wherein each pixel formation part includes

[0024] aswitching element that is switched on and
off by a scanning signal line passing through the
corresponding intersection point,

[0025] a pixel electrode connected via the switch-
ing element to the image signal line passing
through the corresponding intersection point,

[0026] and a common electrode serving as the
second electrode, provided in common to the
plurality of pixel formation parts, and disposed so
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that a prescribed capacitance included in the
capacitive load is formed between the common
electrode and the pixel electrode,

[0027] the scanning signal line drive circuit apply-
ing to a selected scanning signal line a voltage that
turns the switching element on, and

[0028] the connection switching circuit, when the
polarity of the voltage applied to the capacitive
load is reversed, electrically separating the image
signal lines from the image signal line drive circuit
and shorting the image signal lines to an electrode
providing a voltage level that is equivalent to the
voltage supplied to the common electrode.

[0029] According to this configuration, when the polarity
is reversed to perform AC drive of the pixel formation parts,
each image signal line is electrically separated from the
image signal line drive circuit and shorted to an electrode
supplying a voltage level that is equivalent to the voltage
supplied to the common electrode. By doing this, even if the
drive capacity of the image signal line drive circuit is smaller
than in the past, because it is possible to apply the same
voltage as in the past to the capacitive load formed between
the pixel electrode and the common electrode and between
the image signal line and the common electrode, it is
possible to reduce the power consumption of the image
signal line drive circuit, and further possible to reduce the
size of the transistors that make up the buffer circuit within
the image signal line drive circuit. As a result, it is possible
to reduce both the size and the cost of the display device.

[0030] In such a display device, it is possible to have the
connection switching circuit, after the switching element
that had been turned on by the scanning line selected before
reversal of the polarity of the voltage applied to the capaci-
tive load is placed in the off state, electrically separate the
image signal lines from the image signal line drive circuit
and short the image signal lines to an electrode providing a
voltage level that is equivalent to the voltage supplied to the
common electrode.

[0031] By adopting this configuration, after the switching
element that had been turned on by the scanning line
selected before reversal of the polarity of the voltage applied
to the capacitive load is turned off, the image signal lines are
electrically separated from the image signal line drive circuit
and shorted to an electrode supplying a voltage level that is
equivalent to the voltage supplied to the common electrode,
the result being that a pixel value to be written into a pixel
formation part by an image signal line is not influenced by
this shorting operation.

[0032] In such a display device, it is possible for the
connection switching circuit, when the polarity of the volt-
age applied to the capacitive load is reversed, to short the
image signal lines to an electrode providing a voltage level
that is equivalent to the voltage supplied to the common
electrode for a period of time that is three or more times the
delay time constant which is the product of the wiring
resistance and wiring capacitance in one image signal line.

[0033] By adopting this configuration, when the polarity
of the voltage applied to the capacitive load is reversed, the
charge accumulated in the capacitive load (the capacitance
formed by each of the image signal lines and the common
electrode) is discharged, so that each of the image signal
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lines and the common electrode are at substantially the same
potential. By doing this, the amount of potential change on
an image signal line which is to be made by the image signal
line drive circuit after polarity reversal is substantially
halved compared to the past.

[0034] In such a display device, it is further possible to
provide the image signal line drive circuit with a stopping
control circuit which for at least the period of time during
which the connection switching circuit is shorting each of
the image signal lines to an electrode providing a voltage
level equivalent to the voltage supplied by the common
circuit, stops at least part of the image signal line drive
circuit.

[0035] According to this configuration, it is possible to
stop at least part of the image signal line drive circuit
without influencing the image display, thereby providing a
further reduction in the power consumption of the image
signal line drive circuit.

[0036] In such a display device, it is possible to adopt a
configuration in which the drive circuit includes a common
electrode drive circuit which switches the potential on the
common electrode in response to the polarity reversal of the
voltage applied to the capacitive load,

[0037] wherein the common electrode drive circuit
switches the potential on the common electrode
within the period of time during which the connec-
tion switching circuit is shorting the image signal
lines to an electrode providing a voltage level that is
equivalent to the voltage supplied to the common
electrode.

[0038] By adopting this configuration, because polarity
reversal occurs during the shorting period, the period of time
used for pixel writing is lengthened.

[0039] In this display device, it is possible to adopt a
configuration in which

[0040] the image signal line drive circuit includes
reference voltage selection circuits each of which
corresponds to one of the plurality of the image
signal lines, selects a voltage responsive to the image
signal from a plurality of reference voltages, and
supplies the selected voltage to the corresponding
image signal line as the voltage signal, and

[0041] in which each of the reference voltage selec-
tion circuits includes the connection switching cir-
cuit and when the polarity of the voltage applied to
the capacitive load is reversed, selects a voltage level
equivalent to the common electrode signal which is
the voltage supplied to common electrode, instead of
a reference voltage from the plurality of reference
voltages, and supplies this selected voltage level to a
corresponding image signal lines, thereby shorting
each of the image signal lines to an electrode sup-
plying a voltage level equivalent to the voltage
supplied to the common electrode.

[0042] By adopting this configuration, because the con-
nection switching circuit is included in each of the reference
voltage selection circuits, the configuration of the image
signal line drive circuit in the above-noted display device is
simplified, thereby enabling a reduction in the size of the IC
chip used to implement the image signal line drive circuit.
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[0043] In this display device, it is further possible to adopt
a configuration in which the image signal line drive circuit
includes

[0044] a plurality of reference voltage bus lines to
each of which is given one of the plurality of
reference voltages, and

[0045] a voltage switching circuit which, when the
polarity of the voltage applied to the capacitive load
is reversed, applies to one reference voltage bus line
of the plurality of reference voltage bus lines a
voltage level equivalent to the common electrode
signal, instead of the reference voltage to be applied
to the one reference voltage bus line, wherein

[0046] each of the reference voltage selection cir-
cuits, during each horizontal scan period, selects a
reference voltage bus line of the plurality of
reference voltage bus lines to which is applied a
reference voltage responsive to the image signal
and connects the selected bus line to a correspond-
ing image signal line and, when the polarity of the
voltage applied to the capacitive load is reversed,
selects and connects the one reference voltage bus
line to the corresponding image signal line.

[0047] By adopting this configuration, although there is an
increase of a voltage switching circuit as one switching
means, one reference bus line and the switching means
within each reference voltage selection circuit correspond-
ing thereto are shared between selection of the reference
voltage and selection of the voltage level equivalent to the
common electrode signal. By doing this, there is a further
reduction in the overall scale of the signal line drive cir-
cuitry, thereby making it possible to further reduce the size
of the IC chip on which the image signal line drive circuit
is implemented.

[0048] The above-noted display device can also be con-
figured such that

[0049] the drive circuit further includes a common
electrode drive circuit which switches the potential
of the common electrode in response to the reversal
of polarity of the voltage applied to the capacitive
load, and so that

[0050] the image signal line drive circuit and the
common electrode drive circuit are formed on either
one and the same substrate or one and the same chip.

[0051] By adopting the above configuration, because the
image signal line drive circuit is associated with the com-
mon electrode drive circuit via a connection switching
circuit, by forming the image signal line drive circuit and the
common electrode drive circuit on either one and the same
substrate or one and the same chip, it is possible to simplify
the configuration of the display device.

[0052] Another aspect of the present invention is a drive
circuit in a display device of the AC drive type, in which a
voltage serving as an image signal to be displayed is applied
to a capacitive load including a capacitance formed by a first
electrode and a second electrode which are in mutual
opposition, and in which the polarity of the voltage applied
to the capacitive load is periodically reversed, this drive
circuit having
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[0053] an image signal line drive circuit which sup-
plies to the first electrode a voltage signal responsive
to the image relative to the second electrode as a
reference, and

[0054] aconnection switching circuit which when the
polarity of the voltage applied to the capacitive load
is reversed, electrically separates the first electrode
from the image signal line drive circuit and shorts the
first electrode to an electrode providing a voltage
level that is equivalent to the voltage supplied to the
second electrode itself.

[0055] Inthe above-noted drive circuit, it is preferable that
the electrode providing a voltage level equivalent to the
voltage supplied to the second electrode be the second
electrode.

[0056] Yet another aspect of the present invention is a
method for driving using a driving circuit in a display device
of the AC drive type, in which a voltage serving as an image
signal representing an image to be displayed is applied to a
capacitive load including a capacitance formed by a first
electrode and a second electrode which are in mutual
opposition, and in which the polarity of the voltage applied
to the capacitive load is periodically reversed, this method
including

[0057] astep of supplying a voltage signal responsive
to the image to the first electrode relative to the
second electrode as a reference, and

[0058] a step of, when the polarity of the voltage
applied to the capacitive load is reversed, electrically
separating the first electrode from the part of the
drive circuit that supplies the voltage signal to the
first electrode, and shorting the first electrode to an
electrode providing a voltage level that is equivalent
to the voltage supplied to the second electrode.

[0059] In the above-noted drive method, it is preferable
that the electrode providing a voltage level equivalent to the
voltage supplied to the second electrode be the second
electrode itself.

[0060] These and other objects, features, aspects, and
advantages of the present invention will be more apparent
from the following detailed description of the present inven-
tion when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] FIG. 1 is a block diagram showing the configura-
tion of a liquid-crystal display according to a first embodi-
ment of the present invention.

[0062] FIG. 2 is a block diagram showing the configura-
tion of a display control circuit in the first embodiment.

[0063] FIG. 3 is a circuit diagram showing the configu-
ration of an image signal line drive circuit in the first
embodiment.

[0064] FIG. 4A is a circuit diagram showing a first
example of the configuration of a common electrode drive
circuit in the first embodiment

[0065] FIG. 4B is a circuit diagram showing a second
example of the configuration of a common electrode drive
circuit in the second embodiment.
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[0066] FIG. 4C is a circuit diagram showing a third
example of the configuration of a common electrode drive
circuit in the first embodiment.

[0067] FIG. 5A to FIG. 5D are signal waveform diagrams
illustrating stopping control of the image signal line drive
circuit in the first embodiment.

[0068] FIG. 6A and FIG. 6B arc voltage and signal
waveform diagrams illustrating the liquid-crystal panel
drive method in a conventional liquid-crystal display.

[0069] FIG. 7A to FIG. 7F are voltage and signal wave-
form diagrams illustrating a first liquid-crystal panel drive
method in the first embodiment.

[0070] FIG. 8A to FIG. 8C are voltage and signal wave-
form diagrams illustrating a second liquid-crystal panel
drive method in the first embodiment.

[0071] FIG. 9A to FIG. 9C are voltage and signal wave-
form diagrams illustrating a third liquid-crystal panel drive
method in the first embodiment.

[0072] FIG. 10A to FIG. 10C are voltage and signal
waveform diagrams illustrating a fourth liquid-crystal panel
drive method in the first embodiment.

[0073] FIG. 11 is a circuit diagram showing the configu-
ration of an image signal line drive circuit in a second
embodiment of the present invention.

[0074] FIG. 12 is a block diagram showing the configu-
ration of a liquid-crystal display according to a third
embodiment of the present invention.

[0075] FIG. 13 is a circuit diagram showing the configu-
ration of an image signal line drive circuit in the third
embodiment.

[0076] FIG. 14 is a circuit diagram showing the configu-
ration of an image signal line drive circuit in a fourth
embodiment of the present invention.

[0077] FIG. 15 is a circuit diagram showing the configu-
ration of an image signal line drive circuit in a fifth embodi-
ment of the present invention.

[0078] FIG. 16 is a circuit diagram showing the configu-
ration of a liquid-crystal display according to a sixth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0079] Embodiments of the present invention are
described below in detail, with references made to relevant
accompanying drawings.

[0080] (1. First Embodiment)
[0081]

[0082] FIG. 1 is a block diagram showing the configura-
tion of a liquid-crystal display according to a first embodi-
ment of the present invention, which has a display control
circuit 10, an image signal line drive circuit 21, a scanning
signal line drive circuit 22, a common electrode drive circuit
23, a power supply circuit 30, and an active-matrix type
liquid-crystal panel 40, wherein AC drive is used in order to
reduce deterioration or the like of the liquid crystal, in which

(1.1 Overall Configuration and Operation)
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the polarity of a voltage applied to the liquid crystal is
reversed every one horizontal scanning interval.

[0083] The liquid-crystal panel 40 serving as a display part
in this liquid-crystal display includes a plurality of scanning
signal lines Lg each corresponding to a horizontal scanning
line in the image of image data Dv, which is received from
an external CPU or the like,

[0084] a plurality of image signal lines Ls, which
intersect with each of the plurality of scanning signal
lines Lg, and

[0085] a plurality of pixel formation parts, provided
so as to correspond to points of intersection between
the plurality of scanning signal lines Lg and the
plurality of image signal lines Ls. The plurality of
pixel formation parts are disposed in a matrix
arrangement, each of the pixel formation parts hav-
ing the same type of configuration as the configura-
tion in an active-matrix type liquid-crystal panel in
the past, and having

[0086] a TFT as a switching ¢lement, the source
terminal of which is connected to an image signal
line Ls passing through a corresponding intersection
point,

[0087] a pixel electrode connected to the drain ter-
minal of the TFT,

[0088] a common electrode Ec, which is an opposing
electrode provided in common associated with the
plurality of pixel formation parts, and

[0089] aliquid-crystal layer, provided in common for
the plurality of pixel formation parts, which is sand-
wiched between the pixel electrodes and the com-
mon electrode Ec.

[0090] In the above-noted configuration, a pixel capaci-
tance Cp is formed by a pixel electrode, the common
electrode Ec, and the liquid crystal sandwiched therebe-
tween. This liquid-crystal display is described in detail
below, and it will be noted that there are examples of this
type of liquid-crystal display in which, for example, a
common electrode Ec is formed on an opposing ¢lectrode
different from the TFT substrate forming the pixel elec-
trodes, and a type in which the common electrode Ec is
formed not on the opposing electrode, but rather on the TFT
substrate. In the example described below, the liquid-crystal
panel 40 has n image signal lines Ls, and the liquid-crystal
panel 40 has 64 gradations.

[0091] In this embodiment, image data (in the narrow
sense of the term) representing pixels to be displayed on the
liquid-crystal panel (including not only images, but also
characters and graphics and the like) and display control
data, which is data that determines timing and the like of the
display operation (for example, data indicating the fre-
quency of the display clock) is sent from an external CPU or
the like to a display control circuit 10 (this data sent from
outside hereinafter being referred to as image data in the
broad sense of the term, and denoted by the reference
symbol Dv). Specifically, an external CPU or the like
supplies the (narrow-sense) image data and display control
data making up the (broad-sense) image as well as an
address signal ADw to the display control circuit 10, and
thereby writes the (narrow-sense) image data and display

Aug. 14, 2003

control data respectively into a display memory and a
register within the display control circuit 10, which are
described below.

[0092] The display control circuit 10, based on display
control data written in the register, generates a clock signal
CK, a horizontal synchronization signal HSY, and a vertical
synchronization signal VSY, and also generates, based on
the horizontal synchronization signal HSY, a polarity rever-
sal control signal ¢ for the purpose of performing AC drive,
a shorting control signal Csh, and amplifier stopping control
signal Cas. The display control circuit 10 reads image data
that is written in the display memory by the external CPU or
the like, and outputs three types of digital image signals, Dr,
Dg, and Db. Of these, the digital signal Dr is the image
signal representing the red component of the image to be
displayed (hereinafter referred to as the red image signal),
the digital signal Dg is the image signal representing the
green component of the image to be displayed (hereinafter
referred to as the green image signal), and the digital signal
Db is the image signal representing the blue component of
the image to be displayed (hereinafter referred to as the blue
image signal). In this manner, of the signals generated by the
display control circuit 10, the clock signal CK is supplied to
the image signal line drive circuit 21, the horizontal syn-
chronization signal HSY and the vertical synchronization
signal VSY are supplied to the scanning signal line drive
circuit 22, the digital image signals Dr, Dg, and Dc, ampli-
fier stopping control signal Cas, and shorting control signal
Csh are supplied to the image signal line drive circuit 21, and
the polarity reversal control signal ¢ is supplied to the
common electrode drive circuit 23 and to the power supply
circuit 30. As described above, because the number of
gradations is taken to be 64 in this embodiment, each of the
digital image signals Dr, Dg, and Db has 6 bits, so that
6x3=18 lines are required to supply the digital image signals
Dr. Dg, and Db from the display control circuit 10 to the
image signal line drive circuit 21.

[0093] The power supply circuit 30 supplies a power
supply voltage for operation to the display control circuit 10,
the image signal line drive circuit 21, the scanning signal
line drive circuit 22, and the common electrode drive circuit
23, and also supplies to the image signal line drive circuit 21,
the scanning signal line drive circuit 22, and the common
electrode drive circuit 23 a reference voltage, which is a
voltage serving as a reference for generating a signal to be
applied to the liquid-crystal panel 40. The values of refer-
ence voltages Vrl and Vr2 supplied to the image signal line
drive circuit 21 are alternatively switched between two
pre-established values in response to the polarity reversal
control signal ¢, so that when the polarity reversal control
signal ¢ is at a high level the values are such that Vr1<Vr2,
and so that when the polarity reversal control signal ¢ is at
a low level the values are such that Vr1>Vr2. The common
electrode drive circuit 23 is supplied with two voltages, VH
and VL, serving as reference voltages, such that VH>VL.

[0094] Data representing an image to be displayed by the
liquid-crystal panel 40 are supplied as the digital image
signals Dr, Dg, and Db in pixel-serial form, as well as a
signal indicating timing, the clock signal CK as a control
signal, the amplifier stopping control signal Cas, the shorting
control signal Csh, and the reference voltages Vrl and Vr2
are supplied to the image signal line drive circuit 21. The
image signal line drive circuit 21, based on these signals and
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the reference voltages, generates for each image signal line
an image signal (hereinafter referred to as an image drive
signal) for driving the liquid-crystal panel 40, and applies
each of the image drive signals to one of the image signal
lines Ls in the liquid-crystal panel 40.

[0095] The scanning signal line drive circuit 22, based on
the horizontal synchronization signal HSY and the vertical
synchronization signal VSY, generates scanning signals
each to be applied to one of the scanning signal lines Lg of
the liquid-crystal panel 40 for each horizontal scanning
period, so as to select the scanning signal lines Lg alternately
and sequentially, repeating the application of an active
scanning signal (voltage which turns the TFT on) to each of
the scanning signal lines Lg for sequential selection of all the
scanning signal lines Lg, with one vertical scanning interval
as the period.

[0096] The common electrode drive circuit 23 generates a
common electrode signal Vcom for application of a pre-
scribed potential to the common electrode Ec of the liquid-
crystal panel 40. In this embodiment, to reduce the ampli-
tude of the voltage of the image signal line Ls, the potential
of the common electrode Ec is also changed in response to
the AC drive. That is, the common electrode drive circuit 23,
in response to the polarity reversal control signal ¢ from the
display control circuit 10, generates a voltage signal that is
alternately switched between the two reference voltages VH
and VL for each one horizontal scanning interval, so that
when the polarity reversal control signal ¢ is at a high level
the voltage is VH and when the polarity reversal control
signal ¢ is at a low level the voltage is VL, this voltage being
supplied as the common electrode signal Vcom to the
common electrode Ec of the liquid-crystal panel 40. By
doing this, the positive and negative polarity of the voltage
at the image signal line Ls relative to the reference potential
at the common electrode Ec can be reversed for each
horizontal scanning interval, while reducing the voltage on
the image signal line Ls.

[0097] In a liquid-crystal panel 40 such as described
above, image drive signals based on digital image signals
Dr, Dg, and Db from the image signal line drive circuit 21
are supplied to the image signal lines Ls, a scanning signal
is supplied from the scanning signal line drive circuit 22 to
the scanning signal line Lg, and a common electrode signal
Vcom is supplied from the common electrode drive circuit
23. By doing this, voltages corresponding to the potential
difference between the pixel electrodes and the common
electrode Ec, and responsive to the digital image signals Dr,
Dg, and Db, are applied to the liquid-crystal panel 40, the
polarity of the applied voltages being reversed every one
horizontal scanning interval. By making the applied voltages
control the transmissivity of the liquid-crystal layer, the
liquid-crystal panel 40 displays a color image of the image
data received from an external CPU or the like.

[0098] (1.2 Display Control Circuit)

[0099] FIG. 2 is a block diagram showing the configura-
tion of the display control circuit 10 in the above-described
liquid-crystal display. This display control circuit 10 has an
input control circuit 11, a display memory 12, a register 13,
a timing generator circuit 14, a memory control circuit 15,
and a polarity switching control circuit 16.

[0100] The display control circuit 10 inputs a signal rep-
resenting the image data Dv (which will also hereinafter be
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denoted by the reference symbol Dv) in the broad-sense of
image data received from an external CPU or the like and the
address signal ADw to the input control circuit 11. The input
control circuit 11, based on the address signal ADw, divides
the broad-sense image data Dv into the three color image
data R, G, and B, and the display control data Dc. By
supplying the signals representing the color image data R, G,
and B (which will also hereinafter be denoted by the
reference symbols R, G, and B) along with an address signal
AD based on the address signal ADw to the display memory
12, the three image data R, G, and B are written into the
display memory 12 and the display control data Dc is written
into the register 13. The three image data R, G, and B are,
respectively, data which represent the red component, the
green component, and the blue component of the image
represented by the image data Dv. The display control data
Dc includes the frequency of the clock CK, and the timing
information specifying the horizontal scanning interval and
the vertical scanning interval for display of the image
represented by image data Dv.

[0101] The timing generator circuit 14, based on the
display control data held in the register 13, generates the
clock signal CK, the horizontal synchronization signal HSY,
and the vertical synchronization signal VSY. The timing
generator circuit 14 also generates a timing signal for the
purpose of synchronizing the operation of the display
memory 12 and the memory control circuit 15 to the clock
signal CK.

[0102] The memory control circuit 15 generates an
address signal ADr for reading out data from the image data
R, G, and B stored in the display memory 12 that represents
the image to be displayed on the liquid-crystal panel 40, and
a signal for the purpose of controlling the operation of the
display memory 12. The address signal ADr and the control
signal are given to the display memory 12, resulting in data
representing the red component, the green component, and
the blue component of an image to be displayed on the
liquid-crystal panel 40 being read out and outputted to the
display control circuit 10 from the display memory 12 as the
red image signal Dr, the green image signal Dg, and the blue
image signal Db, respectively. These three digital image
signals Dr, Dg, and Db are supplied to the image signal line
drive circuit 21, which is described later.

[0103] The polarity switching control circuit 16 generates
the amplifier stopping control signal Cas and the shorting
control signal Csh, based on the horizontal synchronization
signal HSY generated by the timing generator circuit 14. The
amplifier stopping control signal Cas is a control signal for
the purpose of stopping each of the buffer circuits, to be
described later, in the image signal line drive circuit 21, for
a prescribed period of time, when the polarity of the voltage
on the image signal line Ls referenced relative to the
common electrode Ec potential is reversed, and the shorting
control signal Csh is a control signal for the purpose of
shorting each of the image signal lines Ls and the common
electrode Ec at the time of polarity reversal, for just a
prescribed amount of time. The amplifier stopping control
signal Cas and the shorting control signal Csh are supplied
to the image signal line drive circuit 21 as described later.

[0104]

[0105] FIG. 3 is a circuit diagram showing the configu-
ration of the image signal line drive circuit 21 in the

(1.3 Image Signal Line Drive Circuit)
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above-described liquid-crystal display. The image signal
line drive circuit 21 is a circuit that generates image drive
signals to be supplied to respective image signal lines Ls in
the liquid-crystal display 40, the image signal line drive
circuit 21 supplying n image drive signals to n image signal
lines Ls in the liquid-crystal display 40. The image signal
line drive circuit 21 has a sampling latch circuit 110, a
decoder circuit 120, n reference voltage selection circuits
131 to 13#n, n buffer circuits 151 to 15#n, n stopping control
circuit 141 to 14n, which are on/off switches, a connection
switching circuit 160, which is formed by n selector
switches 161 to 16n, a bias generator circuit 170, which
generates an amplifier bias Vba to be supplied to the buffer
circuits 151 to 15n, a voltage divider resistance R, 64
reference voltage bus lines .1 to L.64 for supplying 64 types
of reference voltage to the reference voltage selection cir-
cuits 131 to 13n, this number of reference voltage selection
circuits corresponding to the number of gradations in the
image display, and n output terminals T1 to Tn, to which n
image signal lines Ls are respectively connected.

[0106] In the above-described image signal line drive
circuit 21, the sampling latch circuit 110 receives from the
display control circuit 10 the red image signal Dr, formed by
6-bit image signals R5 to RO, the green image signal Dg,
formed by 6-bit image signals G5 to GO, and the blue image
signal Db, formed by 6-bit image signals B5 to B0, and
samples and latches these image signals R5 to RO, G5 to GO,
and BS5 to BO, outputting these image signals after latching
as internal image signals. These internal image signals are
inputted to the decoder circuit 120.

[0107] The decoder circuit 120, based on the internal
image signals from the sampling latch circuit 110, generates
n groups of decoded outputs, each corresponding to one of
the n image signal lines Ls, the n groups of decoded outputs
being input respectively to the n reference voltage selection
circuits 131 to 13#n. Each of the n groups of decoded output
is made up of 64 signals, one signal of each of these groups
of 64 signals being made active in response to the above-
noted internal image signals, with the other signals being
inactive.

[0108] The voltage divider resistance R has one end which
is connected to a first reference voltage Vrl, and another end
which is connected to a second reference voltage Vr2, so as
to form a voltage divider circuit, this voltage divider circuit
generating, in addition to the first and second reference
voltages Vrl and Vr2, 62 other types of reference voltages.
The 62 reference voltages generated in this manner and the
first and second reference voltages Vrl and Vr2 are applied,
respectively, to the 64 reference voltage bus lines L1 to L.64,
and are, by means of the reference voltage bus lines L1 to
L64, supplied to each of the reference voltage selection
circuits 131 to 13n. The 64 types of reference voltages are
used to apply a voltage to between the pixel electrodes and
the common electrode Ec, this voltage being responsive to
each of the gradations of the image display.

[0109] The n reference voltage selection circuits 131 to
13# correspond, respectively, to the n image signal lines Ls,
and include 64 switches, this number being equal to the
number of gradations. The 64 switches in each of the
reference voltage selection circuits 131 to 13» input as
control signals the 64 signals that make up the decoded
output inputted to reference voltage selection circuit to

Aug. 14, 2003

which the switches belong. Each of the switches is on if the
signal inputted thereto is active and off if the signal inputted
thereto is inactive. By using this type of switch, each of the
reference voltage selection circuits 131 to 13#, in response
to the decoded outputs inputted thereto, selects one of the 64
types of reference voltages supplied thereto by the 64
reference voltage bus lines, and outputs the selected refer-
ence voltage (hereinafter referred to as the selected reference
voltage). In this manner, n selected reference voltages out-
putted from the n reference voltage selection circuits are
inputted respectively to the n buffer circuits 151 to 15n.

[0110] During the time when the amplifier bias Vba is
being supplied, each of the buffer circuits 151 to 15»
functions as a voltage follower, meaning that it has an
extremely high input impedance and also has a extremely
low output impedance, with a gain of substantially 1, but
when the amplifier bias Vba supply is stopped, each of the
buffer circuits goes into the stopped condition, in which the
power consumption thereof is small enough to neglect, and
in which the output impedance is extremely high.

[0111] The buffer circuits 151 to 15x are provided with
stopping control circuits 141 to 141n, respectively, the
stopping control circuits 141 to 14n acting to control the
supply of the amplifier bias Vba to the respective buffer
circuits 151 to 15#. That is, amplifier stopping control signal
Cas such as shown in FIG. 5D is supplied from the display
control circuit 10 to the image signal line drive circuit 21,
and when the amplifier stopping control signal Cas is at the
high level the stopping control circuits 141 to 14n allow the
supply of the amplifier bias Vba to the respective buffer
circuits 151 to 15#n, but when the amplifier stopping control
signal Cas is at the low level, block the supply of the
amplifier bias Vba to the respective buffer circuits 151 to
15x. The time interval in which the shorting control signal
Csh is at the high level (corresponding to the time interval
during which each image signal line Ls is shorted to the
common electrode Ec) is either the same as the time interval
during which the amplifier stopping control signal Cas is at
the low level (this hereinafter being referred to as the
amplifier stopped interval, refer to FIG. 5B) or a prescribed
time interval that includes the amplifier stopped interval
(refer to FIG. 5C). When each of the image signal lines Ls
is shorted to the common electrode Ec, therefore, the outputs
of the buffer circuits 151 to 15n are always in the high-
impedance state.

[0112] The output signals from the n buffer circuits 151 to
15n are inputted to n selector switches 161 to 16#, respec-
tively, which make up the connection switching circuit 160.
Each of the selector switches 161 to 16# has a first terminal,
a second terminal, and a third terminal, the above-noted
output signals that are inputted to the selector switches 161
to 16n being applied to the respective first terminals thereof.
The common electrode signal Vecom from the common
electrode drive circuit 23 is inputted to the selector switches
161 to 16n, and is applied to the second terminal of each of
the selector switches. The third terminals of the selector
switches 161 to 16n are connected to the output terminals T1
to Tn, respectively, of the image signal line drive circuit 21,
these n output terminals T1 to Tn being connected to the n
image signal lines Ls of the liquid-crystal panel 40. Each of
the selector switches 161 to 16» makes the third terminal
connected to the first terminal when the shorting control
signal Csh is at the low level, and makes the third terminal



US 2003/0151572 Al

connected to the second terminal when the shorting control
signal Csh is at the high level. By doing this, when the
shorting control signal Csh is at the low level, the output
signals from the buffer circuits 151 to 15x are supplied to the
respective image signal lines Ls, and when the shorting
control signal Csh is at the high level, the common electrode
signal Vcom is supplied to the image signal lines Ls. When
the shorting control signal Csh is at the high level, therefore,
there is a shorting between the signal line which leads to the
common electrode signal Vcom and each of the image signal
lines Ls, meaning that there is a short between the common
electrode Ec and each of the image signal lines Ls.

[0113] (1.4 Common Electrode Drive Circuit)

[0114] FIG. 4A to FIG. 4C are circuit diagrams showing
examples of the configuration of the common electrode
drive circuit 23 in the liquid-crystal display configured as
described above. Because the common electrode drive cir-
cuit must in general have a large driving capacity, rather than
using an analog buffer, the power consumption of which
itself is large, it is common to use a switching circuit type of
common electrode drive circuit. Given this, the configura-
tions shown in each of FIG. 4A to FIG. 4C are not analog
buffer type drive circuits, but rather switching circuit type
drive circuits using MOS transistors as switching elements.

[0115] In the first configuration example, shown in FIG.
4A, the common electrode drive circuit is formed by a
p-channel MOS transistor (hereinafter abbreviated as pMOS
transistor) and an n-channel MOS transistor (hereinafter
abbreviated as nMOS transistor), the drain terminals of both
these MOS transistors being mutually connected, the source
terminal of the pMOS transistor being connected to the
power supply line VDD, which provides the reference
voltage VH, and the source of the nMOS transistor being
connected to the ground line, which provides the reference
voltage VL. The polarity reversal control signal ¢ is inputted
to the gates of both MOS transistors, and the voltage at the
mutually connected drain terminals of the MOS transistors
is outputted as the common electrode signal Vcom. There-
fore, the common electrode signal Vcom is VL (ground
level) when the polarity reversal control signal ¢ is at the
high level, and is VH (a prescribed positive power supply
voltage) when the polarity reversal control signal ¢ is at the
low level.

[0116] In the second configuration example, as shown in
FIG. 4B, the common electrode drive circuit is implemented
by two analog switches each formed by a pMOS transistor
and an nMOS transistor mutually connected in parallel, the
reference voltage VH being provided at one end of the first
analog switch, and the reference voltage VL being provided
at one end of the second analog switch, and the other ends
of both analog switches being mutually connected. The
polarity reversal control signal ¢ is inputted to the gate
terminals of the pMOS transistor of the first analog switch
and the nMOS transistor of the second analog switch, and
signal ¢b, which is the polarity reversal control signal ¢
inverted, is inputted at the gate terminals of the nMOS
transistor of the first analog switch and the pMOS transistor
of the second analog switch. The voltage at the point of
connection between the mutually connected analog switches
is outputted as the common electrode signal Vcom. There-
fore, the common electrode signal Vcom is VL when the
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polarity reversal control signal ¢ is at the high level, and is
VH when the polarity reversal control signal ¢ is at the low
level.

[0117] In the third configuration example, as shown in
FIG. 4C, the common electrode drive circuit, in addition to
the circuit of the first configuration example, includes a DC
bias circuit and a DC blocking capacitor, the drain terminals
of the pMOS transistor and the nMOS transistor being
connected to the output terminal of the DC bias circuit via
the DC blocking capacitor, and the voltage at the point of
connection thereof being output as the common electrode
signal Vcom. By doing this, the common electrode signal
Veom is maintained at an amplitude of (VH-VL), the same
as in the first configuration example, and the DC bias circuit
functions to adjust that level.

[0118] (1.5 Liquid-Crystal Panel Drive Method)

[0119] A method for driving a liquid-crystal display con-
figured as described above is described below.

[0120] In a liquid-crystal display of the past, in addition to
performing AC drive, whenever the polarity of the voltage
applied across the liquid-crystal layer of the liquid-crystal
panel being reversed every one horizontal scanning interval,
the drive method also includes use of an AC common
electrode signal so as to reduce the amplitude of the voltage
on the image signal lines, the image signal line potential Vv
in the liquid-crystal panel varies as shown in FIG. 6A, and
the common electrode signal Vcom, which is the potential of
the common e¢lectrode Ec, varies as shown in FIG. 6B. In
this case, however, the image signal line potential Vv is
taken as being the potential at a position that is sufficiently
distant from the point of connection between the image
signal line drive circuit and the image signal line (this
applying below as well). As shown in FIG. 6A, in a
liquid-crystal display of the past, the image signal line drive
circuit, in the case of the normally white mode, must be able
to cause a change in the image signal line that is at maximum
twice the voltage to be applied across the liquid-crystal layer
in order to display black.

[0121] In contrast to the above, in the case of this embodi-
ment, based on the horizontal synchronization signal HSY a
shorting control signal Csh as shown in FIG. 7C is gener-
ated, and when the polarity of the voltage of the image signal
line Ls referenced to the potential of the common electrode
Ec is reversed, each of the image signal lines Ls in the
liquid-crystal panel, in accordance with the shorting control
signal Csh, is electrically separated from the image signal
line drive circuit 21 and also shorted to the common elec-
trode Ec. That is, in the reversal of polarity that occurs every
one horizontal synchronization interval, the scanning signal
G(j) applied to the scanning signal line Lg that was imme-
diately previously selected becomes inactive (low level),
and after all of the TFTs connected to this scanning signal
line Lg are turned off, for example at some time t1 (refer to
FIG. 7A), the shorting control signal Csh changes to the
high level, and each of the image signal lines Ls in the
liquid-crystal panel 40, by the connection switching circuit
160, is electrically separated from the image signal line drive
circuit 21 and shorted to a signal line that leads to the
common electrode signal Veom. During the period of time
in which each image signal line Ls and the common elec-
trode Ec are shorted (this being referred to as the shorting
interval, which can be treated as the same as the time period
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during which the shorting control signal Csh is at the high
level), the charge accumulated in the capacitance formed
between the image signal lines and the common electrode Ec
is discharged, so that for example at some time t2 the image
signal lines Ls and the common electrode Ec are at substan-
tially the same potential. As shown in FIG. 7B and 7C,
during the shorting interval the positive/negative polarity of
the voltage on the image signal line Ls referenced to the
potential of the common electrode Ec reverses based on the
polarity reversal control signal ¢ (this positive/negative
polarity reversal being referred to hereinafter as “polarity
reversal”). Therefore, the value of the common electrode
signal Vcom switches between the two reference voltages
VL and VH during the shorting interval. By the switching of
the value of the common electrode signal Vcom, the poten-
tial Vv of the image signal line Ls also changes by the
amount of the change in the common electrode signal Vecom.
Thereafter, when the shorting control signal Csh changes
from the high level to the low level, the buffer circuits 151
to 15n within the image signal line drive circuit 21 are
connected to the respective image signal lines Ls. After the
elapse of the polarity reversal interval, for example at some
time t3, the supply of the inverted-polarity image drive
signals to the image signal lines Ls is started, and when the
TFTs connected to the scanning signal line Lg selected next
(refer to FIG. 7E), the image drive signals are applied to the
pixel electrodes connected to these TFTs.

[0122] According to a method such as described above,
the waveform (voltage waveform) of the potential Vv on the
image signal line Ls in the liquid-crystal panel 40 is as
shown in FIG. 7A. The part of the voltage waveform during
the period in which the shorting control signal Csh is at the
low level, is the waveform in accordance with the output
signals of the output buffer circuits 151 to 151 within the
image signal line drive circuit 21. In this embodiment, as can
be seen by comparing FIG. 7A with FIG. 6A, without
substantially changing the voltage applied across the liquid-
crystal layer, it is possible to achieve a significant reduction
in the voltage amplitude on the image signal lines Ls to be
changed in comparison with the past. That is, by the opera-
tion of shorting the image signal lines Ls and the common
electrode Ec by means of the connection switching circuit
160 (hereinafter simply referred to as the shorting opera-
tion), the image signal lines Ls and the common electrode Ec
are at substantially the same potential, so that the amount of
change Al of the potential Vv of the image signal lines Ls
in accordance with the buffer circuits 151 to 157 within the
image signal line drive circuit 21 is substantially one-half of
the amount of change AO of the potential Vv of the image
signal lines Ls in accordance with the buffer circuits within
the image signal line drive circuit of the past (FIG. 6A).

[0123] In the above, it was assumed that within the short-
ing interval each image signal line Ls and the common
electrode Ec become at substantially the same potential, and
in order for this assumption to hold it is necessary to set the
shorting interval (pulse width of the shorting control signal
Csh) in accordance with the value of the capacitance formed
in the liquid-crystal panel 40 between the image signal line
Ls and the common electrode Ec and the resistance value of
the image signal line Ls. In a lumped-constant circuit formed
by a resistance and a capacitance (integrator circuit) in
which the charge accumulated in the capacitor is caused to
discharge, when an amount of time that is three times the
time constant, which is the product of the resistance value
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and the capacitance value, elapses, the approximately 95%
of the charge that had been accumulated originally in the
capacitor is discharged. In this embodiment, the shorting
interval is set so that it is a period of time that is at least three
times the delay time constant that is the product of the wiring
resistance value and the wiring capacitance value of one
image signal line Ls. In reality, because it is necessary to
consider the on-state resistance of the switch in the connec-
tion switching circuit 160 and the impedance of the common
electrode drive circuit 23 and the like in establishing the
shorting interval, the length of the shorting interval is
preferably made at least three times the above-noted delay
time constant.

[0124] The amount of time that can be used for writing a
pixel value into a pixel formation part in the liquid-crystal
panel 40 (that is, for charging the pixel capacitance Cp by a
voltage corresponding to a pixel value) is the time of the
horizontal scanning interval after subtracting the shorting
interval and the polarity reversal interval. According to the
above-described method, therefore, because the polarity
reversal is performed within the shorting interval, if one
horizontal scanning interval is held fixed, there is the advan-
tage that the time usable for writing the pixel value is made
long.

[0125] As shown in FIG. 5B to FIG. 5D, in at least the
shorting interval, the amplifier stopping control signal Cas is
at the low level, and all the buffer circuits 151 to 15# and the
bias generator circuit 170 are in the stopped condition.

[0126] In the above-described drive method, the scanning
line G(j+1) selected immediately after the above-noted
switching interval is at the high level (active), as shown in
FIG. 7C to FIG. 7E, after the shorting control signal Csh
changes to the low level. Therefore, when all the TFTs in the
liquid-crystal panel 40 are off, each of the image signal lines
Ls are shorted to the common electrode Ec. However, during
the time period in which the shorting control signal Csh is
at the high level (shorting interval), even if the scanning
signal G(j+1) becomes active and the TFTs connected to
scanning lines Lg leading to the scanning signal G(j+1)
switch on, and pixel electrodes connected to these TFTs are
shorted to the common electrode Ec, because the charging
time constant of the pixel capacitance is between several
tens of times and several hundred times the charging time
constant of the image signal line Ls, during the short
shorting operation, there is substantially no change in the
potential on these pixel electrodes. Even if the potential on
these pixel electrodes should change, the potential change is
in the direction that approaches a potential corresponding to
the pixel value to be written next. Therefore, as shown in
FIG. 7F, the scanning signal G(j+1) of the scanning signal
line Lg selected immediately after the above-noted polarity
reversal can change to the high level before the shorting
control signal Csh changes to the high level.

[0127] Although in the above-described drive method the
polarity reversal is performed during the shorting interval, it
is alternatively possible to perform the polarity reversal
outside of the shorting interval. For example, in a case in
which the polarity reversal is performed before the shorting
interval, the waveforms of the potential Vv on the image
signal line Ls, the common electrode signal Vcom, and the
shorting control signal Csh are as shown in FIG. 8A to FIG.
8C. in this case as well, the amount of change A2 of the
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potential Vv on the image signal line Ls according to the
buffer circuits 151 to 15x within the image signal line drive
circuit 21 is, by virtue of the shorting operation, substan-
tially one-half of the amount of potential change A0 (FIG.
6A) of the image signal line Ls in the past, this representing
a significant reduction.

[0128] Additionally, in a case in which the polarity rever-
sal is performed after the shorting interval, the waveforms of
the potential Vv on the image signal line Ls, the common
electrode signal Vcom, and the shorting control signal Csh
are as shown in FIG. 9A to FIG. 9C. In this case as well,
the amount of change A3 of the potential Vv on the image
signal line Ls according to the buffer circuits 151 to 15x
within the image signal line drive circuit 21 is, by virtue of
the shorting operation, substantially one-half of the amount
of potential change AO (FIG. 6A) of the image signal line Ls
in the past, this representing a significant reduction.

[0129] Additionally, in a case in which the drive of the
image signal lines Ls by the buffer circuits 151 to 15#x is
started before the completion of the discharging by the
shorting operation, because the shorting interval is short
although the polarity reversal is performed within the short-
ing interval, the waveforms of the potential Vv on the image
signal line Ls, the common electrode signal Vcom, and the
shorting control signal Csh are as shown in FIG. 10A to
FIG. 10C. In this case, the amount of change A4 of the
potential Vv on the image signal line Ls according to the
buffer circuits 151 to 15x within the image signal line drive
circuit 21 is larger than one-half of the amount of potential
change AO (FIG. 6A) of the image signal line Ls in the past,
and is however significantly smaller than the amount of
potential change AO in the past by virtue of the shorting
operation.

[0130] As described above, even if the timing of causing
the shorting of the image signal line Ls and the common
electrode Ec (shorting interval) does not completely coin-
cide with the reversal of the polarity of the voltage applied
to the image signal line referenced to the common electrode
Ec (the polarity reversal interval), which is the time of the
polarity reversal of the voltage applied to the capacitive
load, it is sufficient that it be possible to treat this as being
synchronized relative to one horizontal scanning interval,
and if it is within this range of synchronization, there is no
particular problem with regard to relative before/after timing
before/after between the shorting and polarity reversal inter-
vals. It will be understood that, although in the above-noted
embodiment it is indicated that the image signal line Ls and
the common electrode Ec are shorted, that is that the
common electrode signal Vcom is supplied to the image
signal line Ls, at the time of the polarity reversal, the present
invention is not restricted to the common electrode signal
Vcom, it being alternatively possible to supply to the image
signal line Ls a voltage level that is equivalent to the
common electrode signal Vecom. For example, it is possible
to provide a circuit similar to the common electrode drive
circuit 23, and to supply to the image signal line Ls a voltage
level equivalent to that of the common electrode signal
Vceom. It will be understood that, in an embodiment such as
described above, if a common electrode signal Vcom itself
is used as the voltage level equivalent to that of the common
electrode signal Vcom, it is not necessary to provide a circuit
for generating a voltage level equivalent to the common
electrode signal Vcom other than the common electrode
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drive circuit 23. This will apply in the description to follow,
which is based on the assumption that at the time of polarity
reversal the image signal line Ls or the like is shorted with
the common electrode Ec, that is, that the image signal line
Ls or the like is supplied with the common electrode signal
Vcom, although it will be understood that there is no
restriction to the common electrode signal Vcom, it being
possible also to supply to the image signal line Ls or the like
a voltage level equivalent to the common electrode signal
Vcom. That is, the electrode that is to be shorted with the
image signal line Is or the like at the time of polarity
reversal is not restricted to being the common electrode Ec,
but can alternatively be an electrode that supplies a voltage
level equivalent to that of the common electrode signal
Vcom.

[0131]

[0132] Inthe above-described embodiment, polarity rever-
sal is performed every one horizontal synchronization inter-
val in order to implement AC drive of the liquid-crystal
panel 40, and when the polarity reversal occurs each image
signal line Ls is electrically separated from the buffer
circuits 151 to 157 within the image signal line drive circuit
21 and shorted to the common electrode Ec. By doing this,
the charge accumulated in the capacitance formed by image
signal lines Ls and the common electrode Ec is discharged,
after which the image signal lines Ls are reconnected to the
buffer circuits 151 to 15x within the image signal line drive
circuit 21. Therefore, the amount of change Al, A2, A3, or
A4 (amount of change when the shorting control signal Csh
is at the low level) of the potential Vv on the image signal
line Ls in accordance with the buffer circuits 151 to 157 is
significantly smaller than the amount of potential change AO
of the image signal line Ls in the past, so that in the case in
which the image signal lines Ls and the common electrode
Ec become at the same potential within the shorting interval,
there is substantially a halving of the amount of change AO
of the past. That is, whereas the amount of change (voltage
change) to be made in the image signal line in the next
horizontal synchronization interval in the case of the normal
white mode was two times the maximum voltage required
for a black display, in the above-described embodiment it is
no more than the amount of voltage required for a black
display. As a result, in this embodiment even if the buffer
circuits used have a smaller drive capacity than the buffer
circuits used in the past, it is possible to apply across the
liquid-crystal layer in the liquid-crystal panel a voltage
equivalent to the voltage applied in the past. For this reason,
by using buffer circuits having a lower drive capacity than
those used in the past, it is possible to reduce the power
consumption of the image signal line drive circuit 21 and
reduce the size of the transistors used in the buffer circuits
used in the buffer circuits 151 to 15n, thereby enabling a
reduction in the cost of the IC chip used to implement the
image signal line drive circuit 21. By doing this, it is
possible to achieve a compact, low-cost liquid-crystal dis-
play. A liquid-crystal display according to this embodiment
of the present invention, therefore, is suitable for used in
portable equipment.

[0133] Because the wiring capacitance in each of the
image signal lines Ls in the liquid-crystal panel 40 is
sufficiently larger than the capacitance Cp for one pixel
connected to each of the image signal lines Ls, the above-
described method for enabling use of buffer circuits having

(1.6 Advantageous Effect)
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a low drive capacity using a shorting operation is effective
regardless of whether the scanning signal line Lg is active or
inactive at the time of the shorting operation. The fact that
the amount of potential change at the image signal line Ls in
the next horizontal synchronization interval after the above-
noted polarity reversal is small means more generally that
the current to be supplied from the power supply to the
image signal line Ls (current consumption) is made small.
That is, by the shorting operation at the time of polarity
reversal, because the charge accumulated in the capacitance
formed between the image signal line Ls and the common
electrode Ec is directly discharged, without going through
the power supply, there is reduction in the current supplied
to the image signal line from the power supply (capacitance
between the image signal line and the common ¢lectrode)
commensurate with this direct discharging, resulting in a
reduction in the power consumption of the image signal line
drive circuit 21. As described above, it is alternatively
possible, rather than to cause shorting of the image signal
line Ls to the common electrode Ec at the time of polarity
reversal, to cause shorting thereof to a different electrode
supplying a voltage that is equivalent to that of the common
electrode signal Vcom, in which case, the current for the
purpose of causing a discharging of the charge accumulated
in the capacitance between the image signal line and the
common electrode Ec is sometimes supplied from a power
supply via a prescribed circuit. However, the voltage level
that is equivalent to that of the common electrode signal
Vcom can be supplied to the image signal line Ls not from
buffer circuits 151 to 15# functioning as analog buffers, but
rather from a circuit formed by MOS transistors or the like
as switching elements, in the same manner as the common
electrode drive circuit 23. In this case as well, therefore,
compared to the conventional configuration, it is possible to
achieve a great reduction in the power consumption.

[0134] In the above-described embodiment, because the
buffer circuits 151 to 15# and the bias generator circuit 170
are stopped by the amplifier stopping control signal Cas
during the shorting interval or a prescribed period of time
that includes the shorting interval, this also contributes to a
reduction in the power consumption of the image signal line
drive circuit 21.

[0135] In the Japanese unexamined patent application
publication H6-337657, there is disclosure of a liquid-
crystal display characterized in that during a vertical blank-
ing interval the output potential on an image signal line is
made to be the same as the potential on the common
electrode of a liquid-crystal pixel. This liquid-crystal dis-
play, in so far as it reduces the power consumption by
making the potential on the image signal line and the
potential on the common electrode the same, is similar to the
above-described embodiment. However, whereas in this
liquid-crystal display the charging and discharging of the
liquid crystal pixel is reduced by eliminating the difference
in potential between the image signal line and the common
electrode during the vertical blanking interval, which is
unrelated to the display, thereby reducing wasteful power
consumption, in the above-described embodiment of the
present invention, the drive capacity that is required of the
buffer circuits 151 to 15# is made small by shorting (equal-
izing the potential between) the image signal lines Ls and the
common electrode Ec at the time of polarity reversal for AC
drive of the liquid-crystal panel 40, thereby reducing the
power consumption of the image signal line drive circuit 21,
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the basic ideas for solving the problem of reducing the
power consumption being different between the two. Fur-
thermore, in a case such as described above, in which the
polarity of the voltage applied to the liquid-crystal panel
(liquid-crystal layer) is reversed every one horizontal syn-
chronization interval by AC drive, the two different not only
in terms of constitution, but also in the degree of reduction
of the power consumption, and it is not possible with the
liquid-crystal display noted in the Japanese unexamined
patent application publication H6-337657 to achieve a great
effect in reducing the power consumption.

[0136] Furthermore, because the common electrode drive
circuit 23 in the above-described embodiment is imple-
mented using MOS transistors as switching elements, there
is a large drive capacity in spite of a small power consump-
tion, and the shorting of each image signal line Ls and the
common electrode Ec for each one horizontal synchroniza-
tion interval such as done in the above-described embodi-
ment does not impose a load on the common electrode drive
circuit 23. Also, in an active-matrix type liquid-crystal
display such as described regarding the above embodiment,
because the voltage level supplied to the image signal line Ls
immediately after the image signal line Ls is made inactive
(that is, the associated TFTs are at the voltage level that turns
them off) does not influence the display on the liquid-crystal
panel 40, the above-noted shorting operation does not create
a display problem.

[0137] (2. Second Embodiment)

[0138] FIG. 11 is a circuit diagram showing the configu-
ration of an image signal line drive circuit in a liquid-crystal
display according to a second embodiment of the present
invention, and also showing the configuration of the part
supplying signals to image signal lines Ls in the liquid-
crystal panel 45. In the liquid-crystal display according to
this embodiment, differing from that of the first embodi-
ment, a connection switching circuit 180 that causing short-
ing of the image signal lines to the common electrode Ec is
built into the liquid-crystal panel 45, and the image signal
line drive circuit does not include a connection switching
circuit 160. That is, the outputs of the buffer circuits 151 to
15n are outputted as OUT1 to OUTn from the image signal
line drive circuit, and inputted to the connection switching
circuit 180 within the liquid-crystal panel 45. The shorting
control signal Csh and the common electrode signal Vcom
are also inputted to the connection switching circuit 180.
This connection switching circuit 180, similar to the con-
nection switching circuit 160 in the first embodiment, is
formed by n selector switches 181 to 18n, the n output
signals OUT1 to OUTn from the image signal line drive
circuit being inputted respectively to the selector switches
181 to 18n. Each of the selector switches 181 to 18#x has a
first, a second, and a third terminal, the output signals OUT1
to OUTn inputted to the selector switches 181 to 181x being
applied to the first terminals thereof. The common electrode
signal Vcom from the common electrode drive circuit 23 is
applied to the second terminals of the selector switches 181
to 18xn. The image signal lines Ls in the liquid-crystal panel
45 are connected to the third terminals of the respective
selector switches 181 to 18x. The selector switches 181 to
187 make connection to the first terminal when the shorting
control signal Csh is at the low level, and make connection
to the shorting control signal Csh is the high level. By doing
this, when the shorting control signal Csh at the low level,
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the output signals from the buffer circuits 151 to 15x are
supplied to the respective image signal lines Ls, and when
the shorting control signal Csh is at the high level, the
common e¢lectrode signal Vcom is supplied to the image
signal lines Ls. Therefore, when the shorting control signal
Csh is at the high level, there is a shorting between each of
the image signal lines Ls and the common electrode Ec.
Aspects of this embodiment of the present invention other
than noted above are the same as described with regard to
the first embodiment, and corresponding elements in the
second embodiment are assigned the same reference numer-
als as in the first embodiment and are not explicitly
described herein. With regard to the method of driving the
liquid-crystal panel as well, description is not provided, as
this is the same as described regarding the first embodiment.

[0139] Inthe embodiment described above as well, similar
to the case of the first embodiment, when the polarity of the
voltages applied to the image signal lines Ls in the liquid-
crystal panel 45 is reversed for AC drive thereof, the image
signal lines Ls are electrically separated from the buffer
circuits 151 to 15x within the image signal line drive circuit
and shorted to the common electrode Ec. By doing this, even
if buffer circuits having a drive capacity that is smaller than
in the past are used as the buffer circuits 151 to 15# in the
image signal line drive circuit, it is possible to apply a
voltage to the liquid-crystal panel that is similar to that
applied in the past. Therefore, according to this embodiment,
by using a buffer circuit having a drive capacity that is lower
than in the past, it is possible to reduce the power consump-
tion of the image signal line drive circuit, and further
possible to reduce the size of the transistors used to imple-
ment the buffer circuits 151 to 15xn. As a result, it is possible
to achieve a reduction in both the size and the cost of the
liquid-crystal display.

[0140] (3. Third Embodiment)

[0141] FIG. 12 is a block diagram showing the configu-
ration of a liquid-crystal display 40 according to a third
embodiment of the present invention. In this liquid-crystal
display, a circuit that is equivalent to the common electrode
drive circuit 23 in the liquid-crystal display according to the
first embodiment shown in FIG. 1 is built into the image
signal line drive circuit 24. Therefore, in this embodiment
the reference voltages VH and VL and the polarity reversal
control signal ¢ for generating the common electrode signal
Vcom are supplied to the image signal line drive circuit 24,
the common electrode signal Vcom being applied to com-
mon electrode Ec of the liquid-crystal panel 40 from the
image signal line drive circuit 24. FIG. 13 is a circuit
diagram showing the configuration of this image signal line
drive circuit 24, which has built therewithin a common
electrode drive circuit 200 having the same configuration as
the already described circuit shown in FIG. 4A, but is
otherwise similar in configuration to the first embodiment,
so that corresponding elements to elements in the first
embodiment are assigned the same reference numerals and
are not explicitly described herein. With regard to the
method for driving this liquid-crystal panel 40 as well, since
the method is the same as for the first embodiment, the
method is not described herein. Because the image signal
line drive circuit 24 has a built in common electrode drive
circuit 200, the output signal of the common electrode drive
circuit 200 is applied as the common electrode signal Vcom
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to the second terminals of the selector switches 161 to 16n
in the connection switching circuit 160.

[0142] In the above-noted embodiment as well, similar to
the case of the first embodiment, when the polarity is
reversed as part of AC drive of the liquid-crystal panel 40,
the image signal lines Ls in the liquid-crystal panel 40 are
electrically separated from the buffer circuits 151 to 15#
within the image signal line drive circuit 24 and shorted to
the common electrode Ec. By doing this, even if buffer
circuits having a drive capacity that is smaller than in the
past are used as the buffer circuits 151 to 15# in the image
signal line drive circuit, it is possible to apply a voltage to
the liquid-crystal panel that is similar to that applied in the
past. Therefore, according to this embodiment, by using a
buffer circuit having a drive capacity that is lower than in the
past, it is possible to reduce the power consumption of the
image signal line drive circuit, and further possible to reduce
the size of the transistors used to implement the buffer
circuits 151 to 157 As a result, it is possible to achieve a
reduction in both the size and the cost of the liquid-crystal
display.

[0143] As is the case in the first and second embodiments,
in the case in which the common electrode signal Vcom is
applied to the image signal lines Ls in place of the output
signals from the buffer circuit when the polarity is reverse to
perform AC drive of the liquid-crystal panel, by packaging
the image signal line drive circuit including a common
electrode drive circuit on one chip as described above, the
configuration of the liquid-crystal display 40 is simplified.
There is the same advantage, not only in the case in which
the image signal line drive circuit and common electrode
drive circuit are implemented as a single chip, but also in the
case in which the image signal line drive circuit and the
common electrode drive circuit are formed on one and the
same substrate making up the liquid-crystal panel.

[0144] (4. Fourth Embodiment)

[0145] FIG. 14 is a circuit diagram showing the configu-
ration of an image signal line drive circuit in a liquid-crystal
display according to a fourth embodiment of the present
invention. The liquid-crystal display of this embodiment
differs from that of the first embodiment in that, rather than
providing the buffer circuits 151 to 151 between the refer-
ence voltage selection circuits 131 to 13# and the connection
switching circuits 160 in the image signal line drive circuit,
62 buffer circuits 222 to 2263 are disposed between a
voltage divider circuit formed using a resistance R and 62
reference voltage bus lines 1.2 to 163 for passing the 62
types of reference voltages generated by the voltage divider.
An on/off switch is provided as stopping control circuits 212
to 2163 for each of-the buffer circuits 222 to 2263, cach of
the stopping control circuits 2163 controlling the supply of
the amplifier bias Vba to buffer circuits 222 to 2263, based
on the amplifier stopping control signal Cas, as shown in
FIG. 5D. In this embodiment, the shorting control signal
Csh is inputted to a decoder circuit 125, which based on the
internal image signals from a sampling latch circuit 110,
generates n groups of decoded outputs corresponding to the
n image signal lines Ls, respectively. Because other aspects
of the configuration of this embodiment are the same as the
first embodiment, corresponding elements are assigned the
same reference numerals as in the first embodiment, and are
not explicitly described herein. Similarly, since the method
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for driving the liquid-crystal panel 40 is the same as in the
first embodiment, this method is not described herein.

[0146] During the time when the amplifier bias Vba is
being supplied, the buffer circuits 222 to 2263 in the
above-described configuration have an extremely high input
impedance and an extremely low output impedance, the gain
thereof under this condition being substantially one, so that
they function as voltage followers. When the amplifier bias
Vba supply is stopped, however, the buffer circuits go into
the stopped condition, in which the power consumption
thereof is small enough to neglect, and in which the output
impedance is high. Furthermore, because the first and sec-
ond reference voltages Vrl and Vr2 are supplied from the
power supply circuit 30, these reference voltages Vrl and
Vr2 are applied to the reference voltage bus lines L1 and
L.64, respectively, via a buffer circuit. In the image signal
line drive circuit in the above-noted configuration, because
there is are no buffer circuits between the reference voltage
selection circuits 131 to 13x and the connection switching
circuit 160, the selected reference voltages from the refer-
ence voltage selection circuits 131 to 13# are applied to the
first terminals of the selector switches 161 to 16# in the
connection switching circuit 160.

[0147] In the above-described configuration, the n groups
of decoded outputs from the decoder circuit 125 are each
made up of 65 signals (number of gradations plus 1), of
which 64 signals are inputted to the reference voltage
selection circuits 131 to 13n. When the shorting control
signal Csh is at the low level, similar to the case of the first
embodiment, only one of these 64 signals is made active,
responsive to the above-noted internal image signals. One
remaining signal of each of the n groups of decoded signals
is inputted to the selector switches 161 to 16#x in the
connection switching circuit 160. The decoded output signal
inputted to the selector switches 161 to 167 are inactive
when the shorting control signal Csh is at the low level, and
are active when the shorting control signal Csh is at the high
level. When the shorting control signal Csh is at the high
level, all of the signals of the n decoded outputs that are
inputted to the reference voltage selection circuits 131 to
137 are inactive. Therefore, when the shorting control signal
Csh is at the low level, the selected reference voltage
outputted from the reference voltage selection circuits 131 to
13# in response to the internal image signals from the
sampling latch circuit 110 are output from the image signal
line drive circuit as the output signals OUT1 to OUTn, and
are supplied to the image signal lines Ls of the liquid-crystal
panel 40. When the shorting control signal Csh is at the high
level, however, the common electrode signal Vcom is sup-
plied to each of the image signal lines Ls of the liquid-crystal
panel 40. This means that there is a shorting between the
common electrode Ec and the image signal lines Ls when the
shorting control signal Csh is at the high level. In an image
signal line drive circuit such as this, the reference voltage
selection circuit includes the connection switching circuit
160 and in the reference voltage selection circuit thereof, it
can be thought that one voltage is selected for each image
signal line from the 65 types of voltages made up of the 64
types reference voltages corresponding to the number of
gradations and the common electrode signal Vcom, the
selected voltage being output as the output signals OUT1 to
OUTn.
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[0148] In the above-described embodiment as well, simi-
lar to the case of the first embodiment, when the polarity is
reversed as part of AC drive of the liquid-crystal panel 40,
the image signal lines Ls in the liquid-crystal panel 40 are
electrically separated from each of the reference voltage
selection circuits 131 to 13x and each of the buffer circuits
222 to 2263 within the image signal line drive circuit and are
shorted to the common electrode Ec. By doing this, even if
buffer circuits having a drive capacity that is smaller than in
the past are used as the buffer circuits 222 to 2263 in the
image signal line drive circuit, it is possible to apply a
voltage to the liquid-crystal panel that is similar to that
applied in the past. Therefore, according to this embodiment,
by using a buffer circuit having a drive capacity that is lower
than in the past, it is possible to reduce the power consump-
tion of the image signal line drive circuit, and further
possible to reduce the size of the transistors used to imple-
ment the buffer circuits 222 to 2263. As a result, it is possible
to achieve a reduction in both the size and the cost of the
liquid-crystal display. Additionally, similar to the case of the
first embodiment, because the buffer circuits 222 to 2263
and the bias generator circuit 170 are in the stopped condi-
tion because of the amplifier stopping control signal for the
shorting interval or for a prescribed time interval including
the shorting interval (refer to FIG. 5A to FIG. 5D), this also
contributes to a reduction of the power consumption of the
image signal line drive circuit.

[0149] In addition to the above, in this embodiment,
because the configuration is such that the common electrode
signal Vcom can be treated as one of the reference voltages,
with one of the 65 reference voltages selected, that is, the
configuration is such that the connection switching circuit
160 is included within the reference voltage selection cir-
cuit, compared to a configuration such as shown in FIG. 3,
in which the group of switches as the reference voltage
selection circuits 131 to 13n, the group of switches as the
buffer circuits 151 to 15x and the reference voltage selection
circuit 160 are disposed in order, it is possible to achieve a
compact circuit configuration in the image signal line drive
circuit. For this reason, according to this embodiment it is
possible to implement an image signal line drive circuit
achieving the same type of effect as the first embodiment on
a small IC chip, resulting in a more compact and lower-cost
liquid-crystal display.

[0150] (5. Fifth Embodiment)

[0151] FIG. 15 is a circuit diagram showing the configu-
ration of an image signal line drive circuit in a liquid-crystal
display according to a fifth embodiment of the present
invention. This liquid-crystal display, rather than the con-
nection switching circuit 160 that is provided in the output
section of the image signal line drive circuit of the fourth
embodiment, is provided with a voltage switching circuit
300 formed by one selector switch, a reference voltage Vr2
supplied from an external power supply circuit being applied
to the reference voltage bus line 1.64 via this voltage
switching circuit 300. The shorting control signal Csh is
inputted to this voltage switching circuit 300 as a control
signal to control the switching thereof. Because other
aspects of the configuration of this embodiment are basically
the same as the fourth embodiment, corresponding elements
are assigned the same reference numerals as in the fourth
embodiment and are not explicitly described herein. The
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method for driving the liquid-crystal panel 40, being the
same as that of the first embodiment, is also not described
herein.

[0152] In the image signal line drive circuit of this
embodiment, a decoder circuit 126 is substantially the same
as the decoder circuit 125 in the fourth embodiment, with the
exception that the operation occurs when the shorting con-
trol signal Csh is at the high level. That is, when the shorting
control signal Csh is at the high level, whereas in the fourth
embodiment all the decoded output signals inputted to the
reference voltage selection circuits 131 to 13n are inactive,
in this embodiment of the switches in the reference voltage
selection circuits 131 to 13x, only the decoded output
inputted to a switch that is connected to the reference voltage
bus line L64 is active.

[0153] In the image signal line drive circuit of this
embodiment, the voltage switching circuit 300 has a first
terminal, a second terminal, and a third terminal, the refer-
ence voltage bus line 1.64 being connected to the first
terminal, the reference voltage Vr2 being connected to the
second terminal, and the common electrode signal Vcom
being connected to the third terminal. The voltage switching
circuit 300 makes connection of the first terminal to the
second terminal when the shorting control signal Csh is at
the low level, and makes connection of the first terminal to
the third terminal when the shorting control signal Csh is at
the high level. By doing this, with respect to the reference
voltage bus line [.64, when the shorting control signal Csh
is at the low level the reference voltage Vr2 is provided, and
when the shorting control signal Csh is at the high level the
common electrode signal Vcom is provided.

[0154] Therefore, when the shorting control signal Csh is
at the low level, in response to the internal image signals
from the sampling latch circuit 110, the selected reference
voltages outputted from the reference voltage selection
circuits 131 to 13n are supplied as the output signals OUT1
to OUTn respectively to the image signal lines Ls of the
liquid-crystal panel 40 from the image signal line drive
circuit. If the shorting control signal Csh is at the high level,
however, the common electrode signal Vcom is supplied to
the liquid-crystal panel 40 via the reference voltage selection
circuits 131 to 13n. This means that when the shorting
control signal Csh is at the high level there is shorting
between the common electrode Ec and the image signal lines
Ls.

[0155] In the above-described embodiment as well, it is
possible to achieve an effect similar to the fourth embodi-
ment. That is even if buffer circuits having a small drive
capacity are used as the buffer circuits 222 to 2263 in the
image signal line drive circuit, it is possible to apply a
voltage to the liquid-crystal panel that is similar to that
applied in the past. Additionally, it is possible to reduce the
size of the transistors used to implement the buffer circuits
222 to 2263. Additionally, because the buffer circuits 222 to
2263 and the bias generator circuit 170 are in the stopped
condition because of the amplifier stopping control signal
Cas for the shorting interval or for a prescribed time interval
including the shorting interval (refer to FIG. 5A to FIG.
5D), this also contributes to a reduction of the power
consumption of the image signal line drive circuit. Further-
more, there is the advantage, compared with the first
embodiment, of a reduction in the number of buffer circuits
required.
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[0156] Inthisembodiment, of the 64 reference voltage bus
lines one bus line, L64, is shared between passing the
reference voltage Vr2 and passing the common electrode
signal Vcom, and furthermore in place of the connection
switching circuit 160 of the earlier described embodiments,
one switch in the reference voltage selection circuits 131 to
13x is used. With this configuration, compared with the
configuration in which the shorting operation is performed
by a connection switching circuit 160 made up of n selector
switches 161 to 16n, although one switch having a low on
resistance is required as the voltage switching circuit 300,
the need for the connection switching circuit 160 is elimi-
nated, thereby eliminating the need for a large amount of
wiring for control signals. For this reason, this embodiment,
in addition to achieving the above-noted effects, has the
effect of enabling a further reduction in the size of an IC chip
used to implement the image signal line drive circuit.

[0157] (6. Sixth Embodiment)

[0158] FIG. 16 shows the configuration of a liquid-crystal
display according to a sixth embodiment of the present
invention, as a combination of a block diagram and a circuit
diagram. In the description below, constituent elements and
signals that are the same as the above-noted embodiment are
assigned the same reference numerals and will not be
explicitly described herein.

[0159] The liquid-crystal display according to this
embodiment is an analog-driver type liquid-crystal display,
having a display control circuit 10, a common electrode
drive circuit 23, and a power supply circuit 30 configured the
same as in the first embodiment, but differing therefrom with
regard to an image signal line drive circuit 25 and a
liquid-crystal panel 46.

[0160] The image signal line drive circuit 25 generates a
red image signal Sr, which is an analog signal representing
the red component of an image to be displayed, a green
image signal Sg, which is an analog signal representing the
green component of an image to be displayed, and a blue
image signal Sb, which is an analog signal representing the
blue component of an image to be displayed. These analog
image signals Sr, Sg, and Sb are polarity-reversed every one
horizontal synchronization interval to achieve AC drive.

[0161] The liquid-crystal panel 46 is an active-matrix
display panel having as switching elements TFTs using
polysilicon, and having a pair of mutually opposing sub-
strates (hereinafter referred to as the first substrate and the
second substrate). These substrates are held fixed with a
prescribed distance therebetween (typically several um),
with a liquid crystal material forming a liquid-crystal layer
so as to fill the space between the substrates. At least one of
these substrates is transparent. On the first substrate is
disposed a plurality of image signal lines Ls (the number of
image signal lines below taken to be n) and a plurality of
scanning signal lines Lg, in a lattice arrangement, and a
plurality of pixel formation parts, disposed in a matrix
arrangement, each corresponding to one of points of inter-
section between the plurality of image signal lines Ls and the
plurality of scanning signal lines Lg. Each of the pixel
formation parts has a TFT, the source terminal of which is
connected to an image signal line Ls and the gate terminal
of which is connected to a scanning signal line Lg, a pixel
electrode connected to the drain terminal of the TFT, a
common electrode, provided in common to the plurality of
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pixel formation parts and, formed over the entire surface of
the second substrate as an opposing electrode, so that a
capacitance Cp is formed between the common electrode
and the pixel electrode, and a liquid-crystal layer provided
in common to all the pixel electrodes and sandwiched
between the pixel electrodes and the common electrode. In
addition to the above, on the first substrate of the liquid-
crystal panel 46, there is formed a scanning signal line drive
circuit 42, which supplies a scanning signal to the plurality
of scanning signal lines Lg, image signal bus lines Lr, Lg,
and Ib for the purpose of passing analog image signals Sr,
Sg, and Sb from the image signal line drive circuit 25, a
sampling circuit formed by n analog switches 411 to 41x for
sampling the analog image signals Sr, Sg, and Sb passed by
these image signal bus lines Lr, Lg, and Lb and supplying
them to the plurality of image signal lines Ls, and a
connection switching circuit for shorting the image signal
line bus lines Lr, Lg, and Lb to the common electrode at the
time of polarity reversal. In the liquid-crystal panel 46,
therefore, the plurality of pixel formation part disposed in a
matrix arrangement, the image signal lines Ls and scanning
signal lines Lg formed in a lattice arrangement, and part of
the drive circuit are formed as one.

[0162] In a liquid-crystal panel configured as described
above, a shift register circuit 41 sequentially sends one pulse
from an input terminal to an output terminal during one
horizontal synchronization interval, and also generates a
shorting control signal Csh that is at the high level for a
prescribed amount of time at the time of polarity reversal,
this being a signal at the high level each time the above-
noted pulse reaches the output terminal, and the inverted
shorting control signal Cshb which is derived by inverting
the signal Csh.

[0163] The n analog switches 411 to 41n of the sampling
circuit are sequentially turned on by a pulse that is trans-
ferred by the shift register circuit 41, the result of this on
operation being that the analog image signals Sr, Sg, and Sr
on the image signal bus lines Lr, Lg, and Lb are supplied to
the image signal lines Ls, and passed to the pixel electrodes
via TFTs that have been turned on by the scanning signal line
drive circuit 42.

[0164] The connection switching circuit includes three
analog switches 437, 43g, and 43b provided for the respec-
tive 1mage signal bus lines Lr, Lg, and Ib and inserted
between the respective image signal bus lines Lr, Lg, and Lb
and a signal line that passes the common electrode signal
Vcom. These analog switches 43r 43g, and 43b input the
above-noted shorting control signal Csh and inverted short-
ing control signal Cshb as control signals. By doing this, the
image signal bus lines Lr, Lg, and Lb are supplied with the
common electrode signal Veom only during the time inter-
val in which the shorting control signal Csh is at the high
level. This means that the image signal bus lines Lr, Lg, and
Lb are shorted to the common electrode only when the
shorting control signal Csh is at the high level (that is, only
during a prescribed amount of time when polarity reversal
occurs).

[0165] As described above, the image signal line drive
circuit 25 supplies the analog image signals Sr, Sg, and Sb
with polarity reversed every one horizontal synchronization
interval to the image signal bus lines Lr, g, and Lb in the
liquid-crystal panel 46. During at least the shorting interval,
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however, for example by placing the output of a buffer
circuit within the image signal line drive circuit 25 in the
high-impedance state, the image signal drive circuit 25 is
electrically separated from the image signal bus lines Lr, Lg,
and Lb. Because the image signal bus lines Lr, Lg, and Lb
are formed on the first substrate an the common electrode is
formed over the entire surface of the second substrate,
although not shown in the drawing, a capacitance is formed
between the image signal bus lines Lr, Lg, and Lb and the
common electrode. The image signal line drive circuit 25 of
this embodiment therefore is the same as the image signal
line drive circuits of the earlier described embodiments in
that the image signal line drive circuit drives the capacitive
load by supplying the capacitive load with a signal which
has its polarity reversed for each fixed period.

[0166] In this embodiment, as described earlier, by a
connection switching circuit formed by three analog
switches 437, 43g, and 43b, the image signal bus lines Lr, Lg,
and b are shorted to the common electrode for a prescribed
amount of time (the time interval during which the shorting
control signal Csh is at the high level) each time the polarity
of the analog image signals Sr, Sg, and Sb passed by the
image signal lines Lr, Lg, and Lb is reversed, during which
time the image signal line drive circuit 25 is electrically
separated form the image signal bus lines Lr, Lg, and Lb.
Therefore, similar to other previously described embodi-
ments, even if a buffer circuit having a lower drive capacity
than in the past is used as the buffer circuit in the image
signal line drive circuit 25, it is possible to supply to the
image signal bus lines Lr, Lg, and Lb signals that are the
same as in the past. For this reason, according to this
embodiment by using a buffer circuit having a smaller drive
capacity that in the past, it is possible to reduce the power
consumption of the image signal line drive circuit 25, and
further possible to reduce the size of the transistors used to
implement the buffer circuits 151 to 15n. As a result, it is
possible to achieve a reduction in both the size and the cost
of the liquid-crystal display.

[0167]

[0168] It will be understood that the foregoing descrip-
tions do not restrict the present invention, and that it is
possible to make other variations of the present invention
within the scope of the present invention. For example,
although in the above embodiments the polarity of the
signals (voltages) supplied to the image signal lines Ls and
those supplied to the image signal bus lines Lr, Lg, and Lb
relative to the common electrode potential as a reference are
reversed every one horizontal synchronization interval, the
period for polarity reversal is not restricted to one horizontal
synchronization interval, and can for example be made two
horizontal synchronization intervals. In this case as well,
when the polarity is reversed a shorting operation as
described above is performed so as to reduce the required
buffer circuit drive capacity, thereby enabling a reduction in
the power consumption of the image signal line drive circuit
and in the size of the circuit.

[0169] Additionally, whereas in the first to the fifth
embodiments the amplifier stopping control signal Cas stops
the buffer circuit and bias generator circuit so as to reduce
power consumption, it is alternatively possible not to stop
these circuits, or to cause the bias generator circuit to operate
at all times, and stop only the buffer circuits. In the case of

(7. Variations)
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not stopping the buffer circuits, however, it is preferable to
perform output control so that the output of each buffer
circuit is in the high-impedance state during the shorting
interval.

[0170] It will further be understood that the above embodi-
ments are described in the form of examples of liquid-crystal
displays, and that the present invention can be applied as
well to other display devices in which a voltage signal that
is polarity reversed with a prescribed period is supplied to a
capacitive load so as to drive the capacitive load. Also,
although the above-described embodiments the potential on
the common electrode (common electrode signal Vcom) is
AC driven in order to reduce the amplitude of the voltage on
the image signal lines Ls, the present invention can also be
applied in the case in which the potential on the common
electrode is fixed, for example the case of a drive method in
which polarity reversal of the voltage applied across the
liquid-crystal layer is performed for each one horizontal
synchronization interval and for each image signal line
while performed for each frame, this being dot reversal
drive.

[0171] While the invention has been described in detail,
the foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifica-
tions and variations can be devised without departing from
the scope of the invention.

[0172] The present application is based on a claim for
priority deriving from the Japanese patent application 2002-
031593, titled “Image display device and drive circuit and
drive method for same” filed on Feb. 8, 2002, the content of
which is incorporated herein by reference.

What is claimed is:

1. Adisplay device in which a voltage serving as an image
signal representing an image to be displayed is applied to a
capacitive load including a capacitance formed by mutually
opposing first and second electrodes, and which has a drive
circuit that causes the voltage applied to the capacitive load
to reverse polarity periodically, the display device com-
prises:

an image signal line drive circuit for supplying a voltage
signal responsive to an image to be displayed to the first
electrode relative to the second electrode as a reference,
and

a connection switching circuit, when the polarity of the
voltage applied to the capacitive load is reversed, for
electrically separating the first electrode from the image
signal line drive circuit and shorting the first electrode
to an electrode providing a voltage level that is equiva-
lent to the voltage supplied to the second electrode.

2. A display device according to claim 1, wherein the
electrode providing a voltage level that is equivalent to the
voltage supplied to the second electrode is the second
electrode.

3. A display device according to claim 1, wherein the
drive circuit applies as the image signal to the capacitive
load a voltage representing an image to be displayed based
on a horizontal scan and a vertical scan, and causes the
polarity of the applied voltage to be reversed at the time of
switching of a scan line in the horizontal scan.

4. A display device according to claim 3, further com-
prising:
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a plurality of image signal lines serving as the first
electrode,

a plurality of scanning signal lines intersecting with the
plurality of image signal lines,

a plurality of pixel formation parts each corresponding to
one of points of intersection between the plurality of
image signal lines and the plurality of scanning signal
lines, and disposed in a matrix arrangement, and

a scanning signal line drive circuit for selectively driving
the plurality of scanning signal lines,

wherein each pixel formation part comprises

a switching element that is switched on and off by a
scanning signal line passing through a corresponding
intersection point,

a pixel electrode connected via the switching element
to an image signal line passing through the corre-
sponding intersection point, and

a common electrode serving as the second electrode,
providing in common to the plurality of pixel for-
mation parts, and disposed so that a prescribed
capacitance included in the capacitive load is formed
between the common electrode and the pixel elec-
trode,

wherein the scanning signal line drive circuit applies to
a selected scanning signal line a voltage that turns
the switching element on, and

the connection switching circuit, when the polarity of
the voltage applied to the capacitive load is reversed,
electrically separates the image signal lines from the
image signal line drive circuit and shorting the image
signal lines to an electrode providing a voltage level
that is equivalent to the voltage supplied to the
common electrode.

5. A display device according to claim 4, wherein the
connection switching circuit, after the switching element
that had been turned on by the scanning line selected before
reversal of the polarity of the voltage applied to the capaci-
tive load is placed in the off state, electrically separates the
image signal lines from the image signal line drive circuit
and shorts the image signal lines to an electrode providing
a voltage level that is equivalent to the voltage supplied to
the common electrode.

6. A display device according to claim 4, wherein the
connection switching circuit, when the polarity of the volt-
age applied to the capacitive load is reversed, shorts the
image signal lines to an electrode providing a voltage level
that is equivalent to the voltage supplied to the common
electrode for a period of time that is three or more times the
delay time constant which is the product of the wiring
resistance and wiring capacitance in one image signal line.

7. A display device according to claim 4, wherein the
image signal line drive circuit includes a stopping control
circuit for stopping at least part of the image signal line drive
circuit for at least the period of time during which the
connection switching circuit is shorting the image signal
lines to an electrode providing a voltage level equivalent to
the voltage supplied by the common circuit.

8. A display device according to claim 4, wherein the
drive circuit includes a common electrode drive circuit for
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switching the potential on the common electrode in response
to the polarity reversal of the voltage applied to the capaci-
tive load,

wherein the common electrode drive circuit switches the
potential on the common electrode within the period of
time during which the connection switching circuit is
shorting the image signal lines to an electrode provid-
ing a voltage level that is equivalent to the voltage
supplied to the common electrode.

9. A display device according to claim 4, wherein

the image signal line drive circuit includes a reference
voltage selection circuit provided correspondingly for
each of the image signal lines, for selecting a voltage
responsive to the image signal from a plurality of
reference voltages and supplying the selected voltage to
the corresponding image signal line as the voltage
signal, and

wherein each of the reference voltage selection circuits
includes the connection switching circuit, and when the
polarity of the voltage applied to the capacitive load is
reversed, selects a voltage level equivalent to the com-
mon electrode signal that is the voltage supplied to
common electrode, instead of a reference voltage from
the plurality of reference voltages, and supplies the
selected voltage level to a corresponding image signal
line, thereby shorting each of the image signal lines to
an electrode providing a voltage level equivalent to the
voltage supplied to the common electrode.

10. A display device according to claim 9, wherein the

image signal line drive circuit further comprises:

a plurality of reference voltage bus lines to which are
given the plurality of reference voltages, respectively;
and

a voltage switching circuit, when the polarity of the
voltage applied to the capacitive load is reversed, for
applying to one reference voltage bus line of the
plurality of reference voltage bus lines a voltage level
equivalent to the common electrode signal, instead of
the reference voltage to be applied to the one reference
voltage bus line, and wherein

each of the reference voltage selection circuits, during
each horizontal scan period, selects a reference voltage
bus line of the plurality of reference voltage bus lines
to which is applied a reference voltage responsive to
the image signal and connects the selected bus line to
a corresponding image signal line and, when the polar-
ity of the voltage applied to the capacitive load is
reversed, selects and connects the one reference voltage
bus line to the corresponding image signal line.

11. A display device according to claim 10, wherein the
voltage level equivalent to the common electrode signal is
the common electrode signal.

12. A display device according to claim 4, wherein the
electrode providing a voltage level that is equivalent to the
voltage supplied to the common electrode is the common
electrode signal.
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13. A display device according to claim 4, wherein the
drive circuit further comprises:

a common electrode drive circuit for switching the poten-
tial of the common electrode in response to the reversal
of polarity of the voltage applied to the capacitive load,

wherein the image signal line drive circuit and the com-
mon electrode drive circuit are formed on either one
and the same substrate or one and the same chip.

14. Adrive circuit in a display device of the AC drive type,
in which a voltage serving as an image signal representing
an image to be displayed is applied to a capacitive load
including a capacitance formed by mutually opposing first
and second electrodes, and in which the polarity of the
voltage applied to the capacitive load is periodically
reversed, the drive circuit comprising:

an image signal line drive circuit for supplying a voltage
signal responsive to the image to the first electrode
relative to the second electrode as a reference, and

a connection switching circuit, when the polarity of the
voltage applied to the capacitive load is reversed, for
electrically separating the first electrode from the image
signal line drive circuit and shorting the first electrode
to an electrode providing a voltage level that is equiva-
lent to the voltage supplied to the second electrode.

15. A drive circuit according to claim 14, wherein the
electrode providing a voltage level that is equivalent to the
voltage supplied to the second electrode is the second
electrode.

16. A method for driving by means of a driving circuit in
a display device of the AC drive type, in which a voltage
serving as an image signal representing an image to be
displayed is applied to a capacitive load including a capaci-
tance formed by mutually opposing first and second elec-
trodes, and in which the polarity of the voltage applied to the
capacitive load is periodically reversed, the method com-
prising:

a step of supplying a voltage signal responsive to the
image to the first electrode relative to the second
electrode as a reference; and

a step of, when the polarity of the voltage applied to the
capacitive load is reversed, electrically separating the
first electrode from the part of the drive circuit that
supplies the voltage signal to the first electrode, and
shorting the first electrode to an electrode providing a
voltage level that is equivalent to the voltage supplied
to the second electrode.

17. Amethod according to claim 16, wherein the electrode

providing a voltage level that is equivalent to the voltage
supplied to the second electrode is the second electrode.
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