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7) ABSTRACT

A switching-controlling section turns ON one of a transfer
gate for high voltages or a transfer gate for low voltages and
subsequently turns ON the other one of the transfer gates
according to the outputs from the data latches only when the
outputs from data latches are different from each other.
Source lines are sequentially connected to a capacitor ele-
ment for high voltages or a capacitor element for low
voltages. For those source lines in which applied voltages
change in a previous period and a subsequent period, an
electric charge is stored and supplied effectively and power
consumption is reduced, whereas for those source lines in
which the applied voltages do not change, retained voltages
do not vary so power is not consumed when subsequent
voltages are applied. Power consumption in a liquid crystal
panel driving device is reduced, and the time required for
storing and supplying an electric charge is shortened. The

(51) Int. CL7 s G09G 3/36  circuit scale is also reduced.
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LIQUID CRYSTAL PANEL DRIVING DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to technologies per-
taining to liquid crystal panel driving devices used for
driving liquid crystal display devices that employ a so-called
active matrix liquid crystal panel in which an electric charge
is stored in between an opposing electrode and pixel elec-
trodes by applying voltages corresponding to image data to
the pixel electrodes through source lines and pixel switches.

[0002] An active matrix type liquid crystal display device
has, as shown in FIG. 21, for example, a liquid crystal panel
907, a gate driver 908, and a source driver 909. The liquid
crystal panel 907 comprises a liquid crystal layer 901, pixel
electrodes 902, opposing electrodes 903, pixel switches 904
comprising TFTs (Thin Film Transistors), gate lines 905,
and source lines 906.

[0003] The gate driver 908 sequentially applies drive
pulses to the gate lines 905. The source driver 909 applies
voltages corresponding to image data for the respective
pixels to the source lines 906. Specifically, the source lines
906 receives the voltages that successively change corre-
sponding to image data for the pixels corresponding to the
gate lines 903 to which the sequential drive pulses are input,
and the voltages are retained in between the pixel electrodes
902 and the opposing electrodes 903 (in a liquid crystal
capacitance), so that images are displayed.

[0004] TIn such liquid crystal display devices as described
above, power is consumed mainly because of the electric
current flow that charges and discharges the liquid crystal
capacitance and the parasitic capacitance in the source lines
906 at the time when the applied voltages to the source lines
906 change. Especially when a line inversion drive, in which
the polarities are reversed in every other set of pixels
corresponding to the gate lines 905 adjacent to each other, is
carried out to prevent picture quality degradation, the
charge-discharge current that flows each time of the polarity
reversal is large, and therefore, power consumption tends to
be large even when the difference in display contrast among
pixels is small.

[0005] Reducing the power consumption as described
above is an important issue for, for example, devices that
need to be driven by batteries for long hours, as exemplified
by portable terminal devices such as mobile telephones,
which have rapidly become widespread. In view of this,
various technologies have been proposed to reduce the
power consumption as described above.

[0006] For example, Japanese Unexamined Patent Publi-
cation No. 2000-221932 discloses the technology as fol-
lows; before the source driver newly applies voltages to
source lines, all the source lines are temporality connected
to each other to average the potentials of the source lines,
and thus the current flow is reduced at the time when the
source driver applies voltages corresponding to image data.

[0007] Also, Published Japanese Translation of PCT pub-
lication No. 9-504389 discloses a technology in which,
before the source driver newly applies voltages to source
lines, a capacitor is connected to the source lines so that an
electric charge is stored into the capacitor or the stored
charge is discharged therefrom, in order to average the
potentials of the source lines.

Sep. 18, 2003

[0008] Japanese Unexamined Patent Publication No.
10-222130 discloses the following technique. Using a
capacitor for positive polarity and a capacitor for negative
polarity, for example, before applying a negative voltage
after a positive voltage has been applied, the capacitor for
positive polarity is first connected to the source line to store
a positive electric charge in the capacitor and to reduce the
potential of the source line, and next, the capacitor for
negative polarity in which a negative electric charge is
stored is connected to the source line to further reduce the
potential of the source line. This technique is intended to
reduce the current flow at the time of the subsequent
negative voltage application.

[0009] These conventional liquid crystal panel driving
devices, however, have a problem in that none of them can
reduce the power consumption significantly. Specifically,
when all the source lines are comnected to each other
uniformly or capacitors are connected thereto, every source
line is made to have an average potential, For this reason,
when a voltage is applied at a similar magnitude to that
applied previously, it is necessary to supply an electric
charge to raise or reduce the potentials of the source lines
once again. This causes an unnecessary electric charge shift,
which correspondingly increases power consumption.
Moreover, when capacitors are connected twice each time a
voltage corresponding to image data is applied to the source
lines, as described in Japanese Unexamined Patent Publica-
tion No. 10-222130, the time required for the sequence
becomes long. This may cause a problem in that it is difficult
to display images at an appropriate scanning frequency.

SUMMARY OF THE INVENTION

[0010] In view of the foregoing and other problems, it is
an object of the present invention to achieve a significant
reduction in power consumption in a simple manner. It is
another object of the invention to shorten the time required
for storing or supplying the electric charge as well as to
reduce the circuit scale.

[0011] This and other objects are accomplished in accor-
dance with a first aspect of the present invention by provid-
ing a liquid crystal panel driving device for a liquid crystal
display device comprising source lines, pixel switches, pixel
electrodes connected to the source lines through the pixel
switches, and an opposing electrode opposed to the pixel
electrodes, the liquid crystal panel driving device alternately
applying to the pixel electrodes through the source lines high
voltages and low voltages that are respectively higher and
lower than a predetermined voltage, both of the voltages
corresponding to image data for pixels, the liquid crystal
panel driving device comprising: a charge-storing means for
storing an electric charge; a charge-storing means-connect-
ing means for connecting and disconnecting the source lines
and the storing means; an opposing electrode-connecting
means for connecting and disconnecting the source lines and
the opposing electrode; and a controlling means for control-
ling the charge-storing means-connecting means and the
opposing electrode-connecting means such that, after apply-
ing one of the high voltage and the low voltage to a set of
the pixel electrodes but before applying the other one of the
voltages to a subsequent set of the pixel electrodes, the
source lines are connected to the electric charge-storing
means and subsequently the source lines are connected to
the opposing electrode.
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[0012] In this configuration, the source lines are connected
to the charge-storing means and thereafter to the opposing
electrode, and the potential of each source line becomes
approximately an intermediate potential between a high
voltage and a low voltage. Therefore, it is possible to reduce
the electric charge that is to be supplied when a high voltage
or a low voltage is applied next, in comparison to the case
where it is applied as the each of the source lines is at the
original potential. Therefore, power consumption can be
easily reduced.

[0013] The present invention provides, in a second aspect
thereof, a liquid crystal panel driving device according to the
first aspect, wherein the charge-storing means comprises a
first charge-storing means and a second charge-storing
means; the charge-storing means-connecting means com-
prises a first charge-storing means connecting-means for
connecting and disconnecting the first charge-storing means,
and a second charge-storing means-connecting means for
connecting and disconnecting the second electric charge-
storing means; and the charge-storing means-connecting
means further comprises a mutually-connecting means for
mutually connecting and disconnecting the first charge-
storing means and the second charge-storing means; and the
controlling means controls the first charge-storing means-
connecting means, the second charge-storing means-con-
necting means, and the mutually-connecting means such
that, after applying the high voltages to a previous set of the
pixel electrodes but before applying the low voltages to a
subsequent set of the pixel electrodes, the source lines are
connected to the first electric charge-storing means at first
timing and thereafter the source lines are connected to the
opposing electrode at second timing, and after applying the
low voltages to the subsequent set of the pixel electrodes but
before applying the high voltages to a further subsequent set
of the pixel electrodes, the source lines are connected to the
second electric charge-storing means at third timing and
thereafter the source lines are connected to the opposing
electrode at fourth timing, and the first electric charge-
storing means and the second electric charge-storing means
are mutually connected at fifth timing that is later than the
first timing or the third timing.

[0014] In this configuration, the source lines are connected
to the first or the second charge-storing means so that the
electric charge is stored therein or supplied therefrom at the
first and the third timing, and the source lines are connected
to the opposing electrode at the second and the fourth
timing. As a result, the voltages of the source lines are
brought closer to the voltages to be applied next. Therefore,
the current flow at the time of the subsequent voltage
application can be reduced, and thus power consumption can
be reduced. In addition, the first and the second charge-
storing means are mutually connected at the fifth timing, and
consequently, the voltages of these charge-storing means
results in the voltage of the opposing electrode on average.
Therefore, the storing and supplying of electric charge as
described above can be carried out efficiently.

[0015] The present invention provides, in a third aspect
thereof, a liquid crystal panel driving device according to the
first aspect, wherein the charge-storing means comprises a
first charge-storing means and a second charge-storing
means; the charge-storing means-connecting means com-
prises a first charge-storing means-connecting means for
connecting and disconnecting the first charge-storing means
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and a second charge-storing means-connecting means for
connecting and disconnecting the second charge-storing
means; and the controlling means controls the first charge-
storing means-connecting means and the second charge-
storing means-connecting means such that, after applying
one of the high voltages and the low voltages to a previous
set of the pixel electrodes but before applying the other one
of the voltages to a next set of the pixel electrodes, the
source lines are connected at first timing to one of the first
charge-storing means and the second charge-storing means
corresponding to the applied voltages, thereafter the source
lines are connected to the opposing electrode at second
timing, and the source lines are connected to the other one
of the first charge-storing means and the second charge-
storing means at third timing that is later than the second
timing.

[0016] In this configuration, the source lines are connected
to one of the first or the second charge-storing means at the
first timing, and an electric charge is stored therein or
supplied therefrom. Thereafter, the source lines are con-
nected to the opposing electrode at the second timing and
further thereafter connected to the other one of the first and
the second charge-storing means at the third timing. As a
result, the voltages of the source lines are brought even
closer to the voltages to be applied next. Therefore, the
current flow at the time of the subsequent voltage applica-
tion can be further decreased, and power consumption can
be reduced.

[0017] The present invention provides, in a fourth aspect
thereof, a liquid crystal panel driving device for a liquid
crystal display device comprising source lines, pixel
switches, pixel electrodes connected to the source lines
through the pixel switches, and an opposing electrode
opposed to the pixel electrodes, the liquid crystal panel
driving device alternately applying to the pixel electrodes
through the source lines high voltages and low voltages that
are respectively higher and lower than a predetermined
voltage, both of the voltages corresponding to image data for
pixels, the liquid crystal panel driving device comprising: a
charge-storing means for storing an electric charge; a
charge-storing means-connecting means for selectively con-
necting and disconnecting the source lines to one of termi-
nals of the charge-storing means or the other one of the
terminals thereof; and a controlling means for controlling
the charge-storing means-connecting means such that, after
applying one of the high voltages and the low voltages to the
pixel electrodes but before applying the other one of the
voltages to the pixel electrodes, the source lines are con-
nected to one of the terminals of the charge-storing means at
first timing, and thereafter, the source lines are connected to
the other one of the terminals of the charge-storing means at
second timing.

[0018] With this configuration, one charge-storing means
can serve both as the charge-storing means for high voltages
and the charge-storing means for low voltages. Therefore,
power consumption can be reduced, and the circuit scale can
also be reduced.

[0019] The present invention provides, in a fifth aspect
thereof, a liquid crystal panel driving device according to the
fourth aspect further comprises an opposing electrode-con-
necting means for connecting and disconnecting the source
lines and the opposing electrode; and wherein the control-
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ling means controlling the opposing electrode-connecting
means such that the source lines are connected to the
opposing electrode at third timing that is between the first
timing and the second timing.

[0020] With this configuration, the circuit scale can be
reduced. In addition, as explained regarding the liquid
crystal panel driving device according to the second aspect,
the voltages of the source line are further brought close to
the voltages to be applied next; as a consequence, the current
flow at the time of the subsequent voltage application can be
decreased, and power consumption can thus be reduced.

[0021] The present invention provides, in a sixth aspect
thereof, a liquid crystal panel driving device for a liquid
crystal display device comprising source lines, pixel
switches, pixel electrodes connected to the source lines
through the pixel switches, and an opposing electrode
opposed to the pixel electrodes, the liquid crystal panel
driving device applying to the pixel electrodes voltages
corresponding to image data for pixels through the source
lines, the liquid crystal panel driving device comprising: a
charge-utilizing means for utilizing an electric charge of the
source lines; a charge-utilizing means-connecting means for
connecting and disconnecting the source lines and the
charge-utilizing means; and a controlling means for control-
ling the charge-utilizing means-connecting means based on
at least one of the first voltage and the second voltage after
applying a first voltage to a previous set of the pixel
electrodes but before applying a second voltage to a subse-
quent set of the pixel electrodes.

[0022] In this configuration, an electric charge is utilized
according to the voltages actually applied to the source lines.
Therefore, the current flow at the time of the subsequent
voltage application can be decreased, and power consump-
tion can be reduced.

[0023] The present invention provides, in a seventh aspect
thereof, a liquid crystal panel driving device according to the
sixth aspect, in which the charge-utilizing means comprises
a plurality of charge-storing means for storing an electric
charge; and the controlling means controls the charge-
utilizing means-connecting means such that, after applying
a first voltage to a previous set of the pixel electrodes but
before applying a second voltage to a subsequent set of the
pixel electrodes, the source lines are connected at first timing
to one of the plurality of charge-storing means selected
according to the first voltage, and thereafter the source lines
are connected at second timing to another one the plurality
of charge-storing means selected according to the second
voltage.

[0024] 1In this configuration, the source lines are connected
to one of the charge charge-storing means selected according
to the first or the second voltage. Therefore, an unnecessary
shift of electric charge between the source lines can be
reduced, and efficiency in utilizing the electric charge can be
improved further.

[0025] The present invention provides, in an eighth aspect
thereof, a liquid crystal panel driving device according to the
seventh aspect, in which the image data are multi-level
image data; the plurality of charge-storing means are pro-
vided so as to correspond to voltage groups, respectively,
each of the voltage groups including voltages that are
applied to the pixel electrodes corresponding to the multi-
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level image data and are grouped together into at least one
kind of voltage; and the controlling means controls the
charge-utilizing means-connecting means such that the
source lines are connected at the first timing to the charge-
storing means that corresponds to the voltage group that
includes the first voltage, and the source lines are connected
at the second timing to the charge-storing means that cor-
responds to the voltage group that includes the second
voltage.

[0026] With this configuration, in cases where multi-level
images are to be displayed, an unnecessary shift of electric
charge can be reduced and efficiency in utilizing the electric
charge can be improved further.

[0027] The present invention provides, in a ninth aspect
thereof, a liquid crystal panel driving device according to the
seventh aspect, in which the image data are binary level
image data; the plurality of charge-storing means comprises
a charge-storing means for high voltages and a charge-
storing means for low voltages that correspond to voltages
applied to the pixel electrodes corresponding to the binary
level image data; the controlling means controls the charge-
utilizing means-connecting means such that the source lines
are connected at the first timing to the charge-storing means
for high voltages or the charge-storing means for low
voltages corresponding to the first voltage, and the source
lines are connected at the second timing to the charge-
storing means for high voltages or the charge-storing means
for low voltages corresponding to the second voltage.

[0028] With this configuration, in cases where binary level
images are to be displayed as well, an unnecessary shift of
electric charge can be reduced and efficiency in utilizing the
electric charge can be further improved in a similar manner.

[0029] The present invention provides, in a tenth aspect
thereof, a liquid crystal panel driving device according to the
seventh aspect, in which the controlling means controls
whether or not the source lines are connected to one of the
charge storing means at the first timing and the second
timing according to the first voltage and the second voltage.

[0030] The present invention provides, in an eleventh
aspect thereof, a liquid crystal panel driving device accord-
ing to the tenth aspect, in which the controlling means
controls the charge-utilizing means-connecting means such
that the source lines are connected to one of the charge
storing means at the first timing and the second timing when
the voltage difference between the first voltage and the
second voltage is equal to or greater than a predetermined
difference.

[0031] With these configurations, an unnecessary shift of
electric charge is prevented when the change in the voltages
applied to the source lines is small. Therefore, the efficiency
in utilizing the electric charge can be improved further.

[0032] The present invention provides, in a twelfth aspect
thereof, a liquid crystal panel driving device according to the
sixth aspect, in which the charge-utilizing means comprises
a first source line-connecting line and a second source
line-connecting line, each connecting the source lines one
another; the charge-utilizing means-connecting means com-
prises; a first connecting line-connecting means for selec-
tively connecting and disconnecting the source lines and the
first source line-connecting line; and a second connecting
line-connecting means for selectively connecting and dis-
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connecting the source lines and the second source line-
connecting line; and the controlling means controls the first
connecting line-connecting means and the second connect-
ing line-connecting means such that, after applying a first
voltage to a previous set of the pixel electrodes but before
applying a second voltage to a subsequent set of the pixel
electrodes, among the source lines grouped into at least a
first group and a second group, the source lines of the first
group are connected to the first source line-connecting line
when the first voltage is higher than a predetermined voltage
but are connected to the second source line-connecting line
when the first voltage is lower than the predetermined
voltage, and the source lines of the second group are
connected to the first source line-connecting line when the
first voltage is lower than the predetermined voltage but are
connected to the second source line-connecting line when
the first voltage is higher than the predetermined voltage.

[0033] In this configuration, each group of the source lines
is connected in the above-described manner according to the
voltages applied thereto. As a result, the voltages of the
source lines can be brought closer to the voltages to be
applied next so that the current flow at the time of the
subsequent voltage application can be decreased and power
consumption can be reduced, in cases of, for example,
displays in which the pixels in adjacent display lines show
a strong correlation of the display patterns, such as the
displays in computer screens or the like that extensively use
window displays and line/border displays. Moreover, the
circuit scale can be significantly reduced since the use of
charge-storing means is unnecessary.

[0034] The present invention provides, in a thirteenth
aspect thereof, a liquid crystal panel driving device accord-
ing to the twelfth aspect, in which the controlling means
controls whether or not the source lines are connected to the
first source line-connecting line or the second source line-
connecting line according to the first voltage and the second
voltage.

[0035] The present invention provides, in a fourteenth
aspect thereof, a liquid crystal panel driving device accord-
ing to the thirteenth aspect, in which the controlling means
controls the charge-utilizing means-connecting means such
that the source lines are connected to the first source
line-connecting line or the second source line-connecting
line when the voltage difference between the first voltage
and the second voltage is equal to or greater than a prede-
termined difference.

[0036] With these configurations, an unnecessary shift of
electric charge is prevented when the change in the voltages
applied to the source lines is small. Therefore, the efficiency
in utilizing the electric charge can be improved further.

[0037] The present invention provides, in a fifteenth
aspect thereof, a liquid crystal panel driving device accord-
ing to the sixth aspect, in which the charge-utilizing means
comprises a source line-connecting line that connects the
source lines one another; and the controlling means controls
the charge-utilizing means-connecting means such that after
applying a first voltage to a previous set of the pixel
electrodes but before applying a second voltage to a subse-
quent set of the pixel electrodes, the source lines are
connected to the source line-connecting line according to the
first voltage and the second voltage.

[0038] The present invention provides, in a sixteenth
aspect thereof, a liquid crystal panel driving device accord-
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ing to the fifteenth aspect, in which the controlling means
controls the charge-utilizing means-connecting means such
that the source lines are connected to the source line-
connecting line when the voltage difference between the first
voltage and the second voltage is equal to or greater than a
predetermined difference.

[0039] With this configuration as well, an unnecessary
shift of electric charge is prevented when the change in the
voltages applied to the source lines is small. Therefore, the
efficiency in utilizing the electric charge can be improved
further. Moreover, the circuit scale can be significantly
reduced since the use of charge-storing means is unneces-
sary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 is a circuit diagram showing a liquid crystal
display device according to Embodiment 1;

[0041] FIG. 2 is a timing chart showing the operation of
the liquid crystal display device;

[0042] FIG. 3 is a circuit diagram showing a variation of
the liquid crystal display device according to Embodiment 1;

[0043] FIG. 4 is a timing chart showing the operation of
the liquid crystal display device;

[0044] FIG. 5 is a circuit diagram showing a primary
portion of another variation of the liquid crystal display
device according to Embodiment 1;

[0045] FIG. 6 is a circuit diagram showing the configu-
ration of a liquid crystal display device according to
Embodiment 2;

[0046] FIG. 7 is a circuit diagram showing the configu-
ration of the switching controlling section;

[0047] FIG. 8 is a timing chart showing the operation of
the liquid crystal display device;

[0048] FIG. 9 is a circuit diagram showing a primary
portion of a variation of the liquid crystal display device
according to Embodiment 2;

[0049] FIG. 10 is a circuit diagram showing the configu-
ration of a liquid crystal display device according to
Embodiment 3;

[0050] FIG. 11 is a circuit diagram showing the configu-
ration of the switching controlling section;

[0051] FIG. 12 s a timing chart showing the operation of
the liquid crystal display device;

[0052] FIG. 13 is a circuit diagram showing the configu-
ration of a primary portion of a variation of the liquid crystal
display device according to Embodiment 3;

[0053] FIG. 14 is a circuit diagram showing the configu-
ration of a liquid crystal display device according to
Embodiment 4;

[0054] FIG. 15 is a timing chart showing the operation of
the liquid crystal display device;

[0055] FIG. 16 illustrates a specific example of an opera-
tion of the liquid crystal display device;
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[0056] FIG. 17 is a circuit diagram showing the configu-
ration of a liquid crystal display device according to
Embodiment 5,

[0057] FIG. 18 is a circuit diagram showing the configu-
ration of the switching controlling section;

[0058] FIG. 19 is a circuit diagram showing the configu-
ration of a variation of the liquid crystal display device
according to Embodiment 5,

[0059] FIG. 20 is a timing chart showing the operation of
the liquid crystal display device; and

[0060] FIG. 21 is a circuit diagram showing the configu-
ration of a conventional liquid crystal display device.

DETAILED DESCRIPTION OF THE
INVENTION

[0061] Hereinafter, preferred embodiments of the present
invention are described with reference to the drawings.

[0062]

[0063] FIG. 1 s a circuit diagram schematically showing
the configuration of a primary portion of a liquid crystal
display device that comprises a line inversion drive-type
source driver (liquid crystal panel driving device) 300
according to Embodiment 1 of the present invention, a gate
driver 200, and a liquid crystal panel 100. The line inversion
drive is such that the polarity of the voltage applied to a pixel
electrode is reversed at every horizontal scanning period
with respect to the polarity of a later-described opposing
electrode in order to prevent degradation in the quality of
images displayed on the liquid crystal panel 100. Generally,
the line inversion drive is achieved by either of the following
methods. In one method, while the potential of the opposing
electrode is being maintained at a constant potential, a
voltage having a higher or lower potential than the constant
potential is applied to a pixel electrode. In the other method,
the potential of the opposing electrode is changed to reverse
its relationship with the voltages applied to the pixel elec-
trodes. For the sake of simplicity in illustration, only the
examples employing the former method are discussed
herein.

[0064] As shown in FIG. 1, the liquid crystal panel 100
comprises:

[0065]
[0066]
[0067]

[0068] pixel switches TI11-Tmn composed of, for
example, TFTs (Thin Film Transistors);

[0069]

[0070] source line S1-Sn, such that it displays images by
retaining image signal voltages corresponding to image data
in between the pixel electrodes P11-Pmn and the opposing
electrode 101, in other words, in a liquid crystal capacitance.

[0071] The gate driver 200 applies drive pulses to gate
lines G1-Gm successively to turn ON the pixel switches
T11-Tmn that are respectively connected to the gate lines
G1-Gm so that the voltages of the source lines S1-Sn are
applied to the pixel electrodes P11-Pmn.

Embodiment 1

a liquid crystal layer L11-Lmn;
pixel electrodes P11-Pmn;
an opposing electrode 101,

gate lines G1-Gm; and
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[0072] The source driver 300 applies image signal volt-
ages for respective pixels to the source lines S1-Sn. More
specifically, the source driver 300 is provided with D-A
converters 311-31x for converting digital image data into
analog voltage signals, and the D-A converters 311-31x are
connected to the source lines S1-Sn through DAC-connect-
ing transfer gates 321-32n, respectively.

[0073] The source lines S1-Sn are connected to one
another through transfer gates 331-33x for a connecting line
and through a source line-connecting line 330, and the
source line-connecting line 330 is connected to one end of
a positive polarity capacitor element 351, or one end of a
negative polarity capacitor element 352, or the opposing
electrode 101, through a transfer gate 341 for the positive
polarity capacitor element, or a transfer gate 342 for the
negative polarity capacitor element, or a transfer gate 343
for the opposing electrode, respectively. The capacitor ele-
ments 351 and 352 store and supply a negative or positive
electric charge for parasitic capacitors or the like in the
source lines S1-Sn. The capacitor elements 351 and 352 are
connected to each other at one end thereof through a transfer
gate 344 for short-circuiting. The other ends of the capacitor
elements 351 and 352 may be, though not necessarily,
connected to the opposing electrode 101, for example.

[0074] The above-mentioned transfer gates 321 and so
forth are controlled by control signals CTL1, CTL2, CTL3,
SELH, SELL, and SHORT, which are output from a timing
controlling section 301.

[0075] In the liquid crystal display device thus configured,
image signal voltages corresponding to image data are
retained (written) in between the pixel electrodes P11-Pmn
and the opposing electrode 101 by the operation according
to changes in the control signals shown in FIG. 2, which will
be described below.

[0076] Period T1

[0077] This is a period in which any one of the gate lines
G1-Gm, for example, a gate line G1, becomes an H level and
the pixel electrodes P11-P1x that are in the first line on the
screen are written. First, in this period, before the gate line
G1 becomes an H level, the control signal CTL1 becomes an
H level, turning ON the DAC-connecting transfer gates
321-32n, and the image signal voltages having positive
polarity with respect to, for example, the opposing electrode
101 are output from the D-A converter 311-31x and applied
to the source lines S1-Sn. At that time, when an H-level
drive pulse is output from the gate driver 200 to the gate line
G1, as described above, the pixel switches T11-T1n con-
nected to the gate line G1 are turned ON, and the image
signal voltages output from the D-A converters 311-31# are
applied to the pixel electrodes P11-P1n. The image signal
voltages are then retained in the liquid crystal capacitance
between the pixel electrodes P11-Pln and the opposing
electrode 101. These voltages are also retained in the para-
sitic capacitance in the source lines S1-Sn.

[0078] Period T2

[0079] Next, CTL1 becomes an L level, and the DAC-
connecting transfer gates 321-32n are turned OFF. Mean-
while, CTL2 and SELH become an H level, and the transfer
gates 331-33n for a connecting line and the transfer gate 341
for the positive polarity capacitor element are turned ON.
Accordingly, the source lines S1-Sn are disconnected from
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the D-A converters 311-31x but are connected the positive
polarity capacitor element 351. At that time, the positive
electric charge retained in the parasitic capacitance of the
source lines S1-Sn is shifted to the positive polarity capaci-
tor element 351, and the potentials of the source lines S1-Sn
are reduced.

[0080] Period T3

[0081] SELH becomes an L level, and the transfer gate
341 for the positive polarity capacitor element is turned
OFF. Meanwhile CTL3 becomes an H level, and the transfer
gate 343 for the opposing electrode is turned ON. Accord-
ingly, the source lines S1-Sn are disconnected from the
positive polarity capacitor element 351 but are connected to
the opposing electrode 101. At that time, the potentials of the
source lines S1-Sn further decrease, resulting in the same
potential as that of the opposing electrode 101.

[0082]

[0083] In this period, voltages with negative polarity are
written into the pixel electrodes P21-P2x that are on the
second line on the screen in a similar manner to that
discussed in the above-described period T1. Specifically,
CTL1 becomes an H level, turning ON the DAC-connecting
transfer gates 321-32x, and the image signal voltages with
negative polarity that are output from the D-A converters
311-31r are applied to the source lines S1-Sn. Then, a drive
pulse is output from the gate driver 200 to the gate line G2
that is the next one of the gate line G1 to which a drive pulse
is applied in the above-described period T1, and image
signal voltages with negative polarity that are output from
the D-A converters 311-31# are applied and retained into the
corresponding pixel electrodes P21-P2n. Here, the voltages
of the source lines S1-Sn have been brought to the same
level as the voltage of the opposing electrode 101 before the
image signal voltages are applied, as described above, and
therefore, power consumption is reduced in comparison with
the case where the image signal voltages with negative
polarity are applied while the image signal voltages with
positive polarity are kept retained.

[0084] Period T5

[0085] This period is similar to the above-described period
T2. SELL, instead of SELH, becomes an H level, turning
ON the transfer gate 342 for the negative polarity capacitor
element, and the source lines S1-Sn are disconnected from
the D-A converters 311-31n but are connected to the nega-
tive polarity capacitor element 352. At that time, the nega-
tive electric charge retained in the parasitic capacitance in
the source lines S1-Sn is shifted to the negative polarity
capacitor element 352, and the potentials of the source lines
S$1-Sns are increased.

[0086]

[0087] When SELL becomes an L level and CTL3
becomes an H level, the transfer gate 342 for the negative
polarity capacitor element is turned OFF and the transfer
gate 343 for the opposing electrode is turned ON. Accord-
ingly, the source lines S1-Sn are connected to the opposing
electrode 101, and the potentials of the source lines S1-Sn
are further increased, resulting in the same potential level as
that of the opposing electrode 101.

Period T4

Period T6
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[0088] Period T7 Onward

[0089] Thereafter, the same operations as in the above-
described periods T1 through T6 are repeated, and thereby,
the image signal voltages that are output from the D-A
converters 311-31xn are sequentially applied to the pixel
electrodes P11-Pmn corresponding to the gate lines G1-Gm;
consequently, an image for one screen frame is displayed.

[0090] Also, during the above-described period T7, for
example, when SHORT becomes an H level and the transfer
gate 344 for short-circuiting is turned ON so that the
capacitor elements 351 and 352 are short-circuited, the
voltage between the terminals of the capacitor elements 351
and 352 becomes the averaged voltage that is obtained
before the short-circuiting. This averaged voltage results in
approximately the same voltage as that of the opposing
electrode 101 in terms of probability.

[0091] Therefore, as described above, by connecting the
capacitor elements 351 and 352 to the source lines S1-Sn
and subsequently connecting the opposing electrode 101 to
the source lines S1-Sn in the period T2 or the period T5, the
voltages of the source lines S1-Sn can be reduced or raised.
Consequently, it is possible to reduce the power consump-
tion that is consumed when the subsequent image signal
voltages corresponding to image data are applied.

[0092] In the foregoing example, it has been explained, for
convenience in description, as if the voltages of the source
lines S1-Sn have either positive polarity or negative polarity,
but it should be understood that the polarities here are
relative to the potential of the opposing electrode 101.
Therefore, even if the voltages of the source lines S1-Sn
have positive polarity or negative polarity, for example, with
respect to a ground potential or a predetermined reference
potential of a power supply, power consumption can be
reduced according to the same mechanism.

[0093] In addition, it has been explained as if the potential
of the opposing electrode 101 is constant, but the potential
thereof may be varied to make the voltages of the source
lines S1-Sn have negative polarity. In this case as well, the
essential operation such as the shift of electric charge
remains the same.

[0094] Further, the foregoing example illustrates that the
other ends of the capacitor elements 351 and 352 are
connected to the opposing electrode 101, but this is not
meant to limit the embodiment. That is, even if the capacitor
elements 351 and 352 are connected to a potential that is
other than that of the opposing electrode 101, the operation
is the same as described above although the electric charge
stored in the capacitor elements 351 and 352 increases or
decreases according to the potential difference between the
other potential and the potential of the opposing electrode
101. Here, It should be noted that in the case where the
capacitor elements 351 and 352 are connected to the oppos-
ing electrode 101 as described above, the potential of the one
ends becomes the same potential as that of the opposing
electrode 101, that is, the same level as the potential of the
other ends when the one ends of the capacitor elements 351
and 352 are short circuited with each other. For this reason,
in the case where the other ends of the capacitor elements
351 and 352 are connected to the opposing electrode 101,
both ends of the capacitor elements 351 and 352 may be
short-circuited individually to discharge the electric charge
stored in the capacitor elements 351 and 352 in place of the
short-circuiting in the above-described manner.
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[0095] Further, in order to short-circuit the capacitor ele-
ments 351 and 352 with each other, it is possible to turn ON
the transfer gate 341 for the positive polarity capacitor
element and the transfer gate 342 for the negative polarity
capacitor element at the same time, in place of using the
transfer gate 344 for short-circuiting.

[0096] The period in which the capacitor elements 351 and
352 are short-circuited is not limited to the period T7, but
may also be any of the period T3, T4, or T6. In other words,
it is sufficient as long as both the capacitor elements 351 and
352 are disconnected from the source lines S1-Sn in the
period.

[0097] The relationship of connection with the transfer
gates 321 and so forth is not limited to that described in the
foregoing example, but may be configured as shown in FIG.
3. In the example shown in the figure, the source lines S1-Sn
can be connected to the positive polarity capacitor element
351 through transfer gates 361-36n for a connecting line, a
source line-connecting line 360, and a transfer gate 341 for
the positive polarity capacitor element. Meanwhile, the
source lines S1-Sn can be connected to the negative polarity
capacitor element 352 through transfer gates 371-37n for a
connecting line, a source line-connecting line 370, and a
transfer gate 342 for the negative polarity capacitor element.
The source line-connecting lines 360 and 370 are respec-
tively connected to the opposing electrode 101 through
transfer gates 381 and 382 for the opposing electrode. Even
when this configuration is employed, substantially the same
operation can be performed by controlling the transfer gates
361 and so forth using the control signals CTL1, CTL3 to
CTLS5, SELH, SELL, and SHORT as shown in FIG. 4, and
as a result, power consumption can be reduced.

[0098] Further, if, in a period in which the source lines
S1-Sn are connected to the capacitor element 351 or 352, or
to the opposing electrode 101 (periods T2, T3, T5, T6, and
so forth), a drive pulse from the gate driver 200 is applied
to the gate line for a set of pixels that are to be subsequently
written, for example, to the gate line G2, so as to turn ON
the pixel switches T21-T2#, then an electric charge can be
stored and supplied between the liquid crystal capacitor in
each of these pixels and the capacitor elements 351 or 352.

[0099] The parasitic capacitance in the source lines S1-Sn
is also produced between the source lines S1-Sn and the gate
lines G1-Gm. In view of this, in place of connecting the
source lines S1-Sn to the opposing electrode 101, the source
lines S1-Sn may be connected to the gate lines G1-Gm to
prevent an increase in power consumption caused by the
foregoing parasitic capacitance. In this case, however, it is
necessary to provide transfer gates similar to the above-
described DAC-connecting transfer gates 321-32n in order
to disconnect the gate driver 200 from the gate lines G1-Gm,
and it is necessary that, when a plurality of gate lines G1-Gm
are connected to the source lines S1-Sn, the pixel switches
T11-Tmn be such that they enter the OFF state when the
source-gate voltage is 0 V.

[0100] Further, in addition to the line inversion drive as
described above, a column inversion drive may be
employed, in which image signal voltages with opposite
polarities are applied to the source lines S1-Sn that are
adjacent to each other. If this is desired, the desired effect
can be obtained by, for example, providing the source
line-connecting line 330, the transfer gates 331-33n for a
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connecting line, the capacitor elements 351 and 352, and the
like separately for each of odd numbered columns and even
numbered columns, as shown in FIG. 5.

[0101] In addition to connecting the source lines S1-Sn to
only one of the positive polarity capacitor element 351 and
the negative polarity capacitor element 352 every time each
line of the pixel electrodes P11-Pmn are written in the
manner described above, it is also possible to connect the
source lines S1-Sn to one of the capacitor elements, there-
after to the opposing electrode 101, and subsequently to the
other capacitor element. In this case, although the number of
steps required increases between the time at which voltages
are applied from the D-A converters 311-31# and the time at
which the subsequent voltages are applied, an electric charge
can be more efficiently stored into and supplied from the
capacitor elements 351 and 352, and as a result, power
consumption can be reduced further.

[0102] Also, if both terminals of one capacitor element are
switched so that they are alternately connected in place of
connecting the two capacitor elements 351 and 352 sequen-
tially, the one capacitor element can serve as both the
positive polarity capacitor element 351 and the negative
polarity capacitor element 352. As a result, it also becomes
possible to reduce the circuit scale. The reduction of the
circuit scale achieved by switching both terminals of one
capacitor element so that they are alternately connected is
also effective even when the source lines are not connected
to the opposing electrode 101.

[0103]

[0104] Embodiment 2 of the present invention describes a
liquid crystal panel driving device that can further reduce
power consumption. For convenience in description,
Embodiment 2 describes a case in which two kinds of
voltages having the same polarity with respect to the polarity
of the opposing electrode 101 but having different voltages,
arelative high voltage and a relative low voltage, are applied
to the pixel electrodes P11-Pmn so that a binary level image
is displayed. In addition, the shift of electric charge is
assumed to be a shift of positive charge for simplicity in
description. It should be noted that in the following embodi-
ments, similar components and elements having similar
functions to the components and elements described in the
foregoing Embodiment 1 and so forth are designated by the
same reference characters, and will not be further elaborated
upon.

[0105] FIG. 6 is a circuit diagram schematically showing
the configuration of a primary portion of a liquid crystal
display device comprising a source driver (liquid crystal
panel driving device) 400 according to Embodiment 2.

[0106] In the source driver 400, the source lines S1-Sn are
connected to a capacitor element 431 for high voltages
through transfer gates 411-41n for high voltages, and the
source lines S1-Sn are also connected to a capacitor element
432 for low voltages through transfer gates 421-42n for low
voltages. The transfer gates 411-41x for high voltages and
the transfer gates 421-42n for low voltages are controlled by
switching-controlling sections 441-44n. That is, the present
embodiment is similar to one variation of the foregoing
embodiment 1 (shown in FIG. 3) in that the source lines
S1-Sn are connected to the capacitor elements 431 and 432
through the transfer gates 411-41n and 421-42n, respec-

Embodiment 2
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tively, but it greatly differs therefrom in that the transfer
gates 411-41xn and 421-42n are individually controlled by
the switching-controlling sections 441-44x.

[0107] The switching-controlling sections 441-44n com-
prises, for example as shown in FIG. 7, pairs of AND
circuits 441a to 44na and 441b to 44nb. The switching-
controlling sections 441-44n are configured so as to selec-
tively turn ON the transfer gates 411-41# for high voltages
or the transfer gates 421-42n for low voltages according to
a control signal CTL6 and image data signals that are input
from data latches 451-45n to the D-A converters 311-31x.
The timing controlling section 401 outputs the control
signals CTL1 and CTLS.

[0108] In the liquid crystal display device thus configured,
image signal voltages corresponding to image data are
retained (written) in between the pixel electrodes P11-Pmn
and the opposing electrode 101 by the operation according
to changes in the control signals as shown in FIG. 8§, which
will be described in the following. In the following, a
“checkerboard” pattern image, in which a black pixel and a
while pixel alternately appear every other row and every
other column of pixels, is taken as an example of an image
displayed on the device.

[0109] Period T1

[0110] In this period, the pixel electrodes P11-Plxn, for
example, are written in a similar manner to that described in
Embodiment 1 (shown in FIG. 2). More specifically, image
signal voltages corresponding to image data signals that are
output from the data latches 451-451 are output from the
D-A converters 311-31#. At the same time, CTL1 becomes
an H level, turning ON the DAC-connecting transfer gates
321-32n, and consequently, the image signal voltages are
applied to the source lines S1-Sn. At that time, the gate line
G1 is driven to an H level, turning ON the pixel switches
T11-T1n, and the image signal voltages are applied to the
pixel electrodes P11-Pln and are retained in the liquid
crystal capacitance between each of the pixel electrodes
P11-Pl1x and the opposing electrode 101. Meanwhile, in this
period T1, CTL6 is at an L level. Accordingly, the AND
circuits 441a to 44na and 4415 to 44nb of the switching-
controlling sections 441-44x output L-level signals regard-
less of the image data signals that are output from the data
latches 451-45x, and consequently, both of the transfer gates
411-41x for high voltages and the transfer gates 421-42n for
low voltages are turned OFF.

[0111] Period T2

[0112] Next, when CTL1 becomes an L level and CTL6
becomes an H level, the DAC-connecting transfer gates
321-32n are turned OFF and either the transfer gates 411-
41n for high voltages or the transfer gates 421-42x for low
voltages are turned ON according to the image data signals
from the data latches 451-45n. Accordingly, the source lines
S1-Sn are connected to either the capacitor element 431 for
high voltages or the capacitor element 432 for low voltages.

[0113] More specifically, in the example shown in FIG. §,
the output from the data latch 451 is at an L level, for
example. Accordingly, the AND circuit 441a of the switch-
ing-controlling section 441 outputs an L-level signal, turn-
ing OFF the transfer gate 411 for high voltages, while the
AND circuit 4415 outputs an H-level signal, turning ON the
transfer gate 421 for low voltages. Consequently, the source
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line S1 is connected to the capacitor element 432 for low
voltages. At that time, the positive charge stored in the
capacitor element 432 for low voltages is supplied to the
source line S1, increasing the potential of the source line S1
(symbol A in FIG. 8).

[0114] Meanwhile, the output from the data latch 452 is at
an H level, for example. Accordingly, the AND circuit 4424
of the switching-controlling section 442 outputs an H level-
signal, turning ON the transfer gate 412 for high voltages,
while the AND circuit 442b outputs an L-level signal,
turning OFF the transfer gate 422 for low voltages. Conse-
quently, the source line S2 is connected to the capacitor
element 431 for high voltages. At that time, the positive
charge retained in the source line S2 is shifted into the
capacitor element 431 for high voltages and stored therein,
and the potential of the source line S2 is reduced (symbol B
in FIG. 8).

[0115]

[0116] Thereafter, when a latch signal, which is not shown
in the figure, is input into to the data latches 451-45x1 while
CTL1 is maintained at an L level and CTL6 at an H level,
the image data signals for the pixels corresponding to the
next gate line G2 are latched and input to the switching-
controlling sections 441-44n. (It should be noted that the
above-mentioned latched image signals are also input to the
D-A converters 311-31#, but they do not affect the potentials
of the source lines S1-Sn since the DAC-connecting transfer
gates 321-32n remain OFF)

Period T3

[0117] Accordingly, in the example shown in FIG. 8, for
example, the signal latched by and output from the data latch
451 is at an H level, the AND circuit 441¢ of the switching-
controlling section 441 outputs an H-level signal, turning
ON the transfer gate 411 for high voltages. Meanwhile, the
AND circuit 4415 outputs an L-level signal, turning OFF the
transfer gate 421 for low voltages. Consequently, the source
line S1 is connected to the capacitor element 431 for high
voltages. At that time, the positive charge stored in the
capacitor element 431 for high voltages is supplied to the
source line S1, further increasing the potential of the source
line S1 (symbol C in FIG. 8).

[0118] Meanwhile, the output from the data latch 452 is at
an L level. Accordingly, the AND circuit 442a of the
switching-controlling section 442 outputs an L-level signal,
turning OFF the transfer gate 412 for high voltages, while
the AND circuit 442b outputs an H-level signal, turning ON
the transfer gate 422 for low voltages. Consequently, the
source line S2 is connected to the capacitor element 432 for
low voltages. At that time, the positive charge retained in the
source line S2 is shifted into the capacitor element 432 for
low voltages and stored therein, and the potential of the
source line S2 further reduces (symbol D in FIG. 8).

[0119]

[0120] The pixel electrodes P21-P2n are written in a
similar manner to that described in the period T1 above.
Specifically, CTL6 becomes an L level, turning OFF all the
transfer gates 411-41n and 421-42n. Meanwhile, CTL1
becomes an H level, turning ON the DAC-connecting trans-
fer gates 321-32x, and the image signal voltages that are
output from the D-A converters 311-31x are applied to the
source lines S1-Sn.

Period T4
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[0121] More specifically, for example, the output from the
data latch 431 is at an H level, and accordingly, a high
voltage is applied to the source line S1 and the pixel
electrode P21. Here, the potential of the source line S1 is
increased in the periods T2 and T3, for example as described
above (symbol C in FIG. 8), and therefore, it is sufficient
that the D-A converter 311 supplies only the electric charge
that corresponds to the potential difference indicated by
symbol E in FIG. 8.

[0122] Period T5 Onward

[0123] Thereafter, the same operation as in the above-
described periods T2 through T4 are repeated, and thereby,
the image signal voltages that are output from the D-A
converters 311-31xn are sequentially applied to the pixel
electrodes P11-Pmn corresponding to the gate lines G1-Gm;
consequently, an image for one screen frame is displayed.

[0124] As in the above-described periods T2 and T5, when
the source lines S1-Sn are selectively connected to the
capacitor element 431 for high voltages or the capacitor
element 432 for low voltages according to the potentials of
the source lines S1-Sn, in other words, according to the
voltages that have been applied to the pixel electrodes
P11-Pmn most recently, an electric charge can be stored into
the capacitor element 431 for high voltages and an electric
charge can be supplied from the capacitor element 432 for
low voltages without causing an unnecessary shift of electric
charge between the source lines S1-Sn. More specifically,
the electric charge retained in the source lines S1-Sn that are
at high potentials is stored into the capacitor element 431 for
high voltages, and the potentials of the source lines S1-Sn
that are at low potentials are increased by an electric charge
supplied from the capacitor element 432 for low voltages. In
addition, as in the subsequent periods T3 and T6, by being
selectively connected to the capacitor element 431 for high
voltages or the capacitor element 432 for low voltages
according to the voltages next applied to the source lines
S1-Sn, those source lines S1-Sn to which high voltages are
applied next are supplied with an electric charge by the
capacitor element 431 for high voltages and the potentials
thereof are further increased, whereas the electric charge
stored in those source lines S1-Sn to which low voltages are
applied next is stored into the capacitor element 432 for low
voltages. Accordingly, power consumption can be reduced
by effectively storing and utilizing the electric charge
retained in the source lines S1-Sn.

[0125] It should be noted that the above-described
example describes a case where the invention is applied to
a liquid crystal display device that displays binary level
images, but the invention is also applicable to devices that
display multi-level images. If this is desired, the signal that
is input to the switching-controlling sections 441-44n may
be a signal of the most significant bit (MSB) of the image
data. It is also possible that three or more capacitor elements
are provided, and, by using a signal of a plurality of more
significant bits of the image data, in other words, by dividing
an applied voltage into a plurality of groups, the source lines
S1-Sn are connected to one of the capacitor elements
corresponding to each group. Accordingly, the storing and
supplying of an electric charge is more efficiently carried
out.

[0126] The foregoing shows an example in which voltages
having the same polarity as that of the opposing electrode
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101 are applied to the pixel electrodes P11-Pmn, but as in
Embodiment 1, the invention is also applicable to cases
where line inversion drive is employed in which the polari-
ties are reversed for the pixels that corresponds to the gate
lines G1-Gm adjacent to each other. In other words, the case
where the line inversion drive is used for displaying binary
level images can be considered as similar to the case where
four-level images are displayed. For example, assuming that
the potential of the opposing electrode is assumed to be 8 V
and that:

[0127] +H=16V,

[0128] +L=9 YV,

[0129] -L=7 V, and

[0130] -H=0V,

[0131] if a capacitor element 461 for +H, a capacitor

element 462 for +L, a capacitor element 463 for -1, a
capacitor element 464 for —-H, and transfer gates 471-474 are
provided and the source lines S1-Sn are connected to receive
the foregoing voltages -H, -L, -L, and -H, respectively, as
shown in FIG. 9, then power consumption can be reduced
in both cases in which the potential of an image signal is
higher and lower than the potential of the opposing elec-
trode, according to the same mechanism as that described
above.

[0132] Further, if a column inversion drive, in which
image signal voltages having opposite polarities are applied
to the source lines S1-Sn adjacent to each other, is
employed, it is sufficient that the source lines S1-Sn are
connected to the corresponding capacitor elements accord-
ing to the polarity and whether the voltage is high or low in
a similar manner.

[0133]

[0134] Embodiment 3 according to the present invention
describes a liquid crystal panel driving device that is capable
of further reducing power consumption. This Embodiment 3
also describes, as well as the foregoing Embodiment 2, a
case in which two kinds of voltages having the same polarity
with respect to the polarity of the opposing electrode 101 but
having a relative high voltage and a relative low voltage are
applied to the pixel electrodes P11-Pmn so that a binary level
image is displayed.

[0135] FIG.10is a circuit diagram schematically showing
the configuration of a primary portion of a liquid crystal
display device that includes a source driver (liquid crystal
panel driving device) 500 according to Embodiment 3.

[0136] The source driver 500 differs from the source
driver 400 of Embodiment 2 in that it comprises switching-
controlling sections 541-54n in place of the switching-
controlling sections 441-44n and that it comprises data
latches 551-55x in addition to the data latches 451-45n. The
data latches 551-55n hold image data that are input from the
data latches 451-45n to the D-A converters 311-31# next.

[0137] The switching-controlling sections 541-54n com-
prises, as shown in FIG. 11, for example, NOR circuits 541a
to 54na, latch circuits 5415 to 54nb, and AND circuits 541c
to 54nc and 541d to 54nd, and they selectively turn ON the
transfer gates 411-41n for high voltages or transfer gates
421-42n for low voltages according to the control signal
CTL6 and the image data signals that are input from the data

Embodiment 3
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latches 451-45#n and the data latches 551-55n. More specifi-
cally, for example, the switching-controlling section 541
turns ON either the transfer gate 411 or the transfer gate 421
for low voltages according to the output from the data latch
451, only when the output from the data latch 451 and the
output from the data latch 551 are different.

[0138] In the liquid crystal display device thus configured,
image signal voltages corresponding to image data are
retained (written) in between the pixel electrodes P11-Pmn
and the opposing electrode 101 by the operation according
to changes in the control signals shown in FIG. 12, which
will be described in the following. In the following, a
“checkerboard” pattern image, in which a black pixel and a
while pixel alternately appear every other row and every
other column of pixels, is taken as an example of an image
displayed on the device.

[0139] Period T1

[0140] In this period, the pixel electrodes P11-Pln, for
example, are written in a similar manner to those described
in Embodiments 1 and 2 (shown in FIGS. 2 and 8).
Specifically, image signal voltages corresponding to the
image data signals that are output from the data latches
451-45n are output from the D-A converters 311-31#, and at
the same time, CTL1 becomes an H level, turning ON the
DAC-connecting transfer gates 321-32n, and the image
signal voltages are applied to the source lines S1-Sn. At that
time, the gate line G1 is driven to an H level, turning ON the
pixel switches T11-T1x, and the image signal voltages are
applied to the pixel electrodes P11-P1x and are retained in
the liquid crystal capacitance between each of the pixel
electrodes P11-P1# and the opposing electrode 101. Mean-
while, in this period T1, CTL6 is at an L level. Accordingly,
the AND circuits 341a to 54na and 541b to 54nb of the
switching-controlling sections 541-54n output L-level sig-
nals regardless of the image data signals that are output from
the data latches 451-45#7 and the data latches 551-55n, and
both the transfer gates 411-41x for high voltages and the
transfer gates 421-42n for low voltages are turned OFF.
Therefore, none of the source lines S1-Sn is connected to the
capacitor element 431 or 432.

[0141] Period T2

[0142] Next, when CTL1 becomes an L level and CTL6
becomes an H level, the DAC-connecting transfer gates
321-325 are turned OFF. At the same time, in such a case as
described above where a black pixel and a white pixel
appear every other row of pixels vertically adjacent to each
other, the transfer gates 411-41n for high voltages or the
transfer gates 421-42n for low voltages are turned ON
according to the image data signals from the data latches
451-45n and the data latches 551-55n. Accordingly, the
source lines S1-Sn are connected to either the capacitor
element 431 for high voltages or the capacitor element 432
for low voltages.

[0143] More specifically, in the example shown in FIG.
12, for example, the output from the data latch 451 is at an
L level and the output from the data latch 551 is at an H
level. Accordingly, when the output from of the NOR circuit
541a of the switching controlling section 541 is retained in
the latch circuit 541b and is output therefrom according to
a latch signal, which is not shown in the figure, the AND
circuit 541c¢ outputs an L-level signal, turning OFF the
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transfer gate 411 for high voltages, while the AND circuit
541d outputs an H level signal, turning ON the transfer gate
421 for low voltages. Consequently, the source line S1 is
connected to the capacitor element 432 for low voltages. At
that time, the positive charge stored in the capacitor element
432 for low voltages is supplied to the source line S1,
increasing the potential of the source line S1.

[0144] Meanwhile, the output from the data latch 452 is at
an H level and the output from the data latch 552 is at an L
level, for example. Accordingly, the AND circuit 542¢ of the
switching-controlling section 542 outputs an H level signal,
turning ON the transfer gate 412 for high voltages, while the
AND circuit 542d outputs an L level, turning OFF the
transfer gate 422 for low voltages. Consequently, the source
line S2 is connected to the capacitor element 431 for high
voltages. At that time, the positive charge retained in the
source line S2 is shifted into the capacitor element 431 for
high voltages and stored therein, and the potential of the
source line S2 reduces.

[0145] 1In other words, when the applied voltages change
from low voltages to high voltages, the source lines S1-Sn
are connected to the capacitor element 432 for low voltages
so that they are supplied with the electric charge retained in
the capacitor element 432 for low voltages. When the
applied voltages change from high voltages to low voltages,
the source lines S1-Sn are connected to the capacitor ele-
ment 431 for high voltages so that the electric charge
retained in the source lines S1-Sn is stored in the capacitor
element 431 for high voltages. By contrast, when the volt-
ages applied to the source lines S1-Su do not change (when
the displayed image does not have a “checkerboard”-like
pattern), the outputs from the NOR circuits 541 and so
forth of the switching-controlling sections 541-54n (ic., the
outputs from the latch circuits 541b and so forth) become an
L level regardless of whether the applied voltages are high
voltages or low voltages. Consequently, the source lines
S1-Sn are not connected to either of the capacitor element
431 or 432, and the voltages are maintained at the same
level. Therefore, for those source lines S1-Sn, an unneces-
sary shift of electric charge does not occur, and as a result,
the efficiency in utilizing the electric charge improves.

[0146] Period T3

[0147] Thereafter, when CTLI is maintained at an L level
and CTL6 at an H level, a latch signal, which is not shown
in the figure, is input into the data latches 451-45x and the
data latches 551-55n. Then, the image data signals that have
been retained by the data latches 551-55x for the pixels
corresponding to the next gate line G2 are latched by the
data latches 451-451 and input into the switching-control-
ling sections 541-54n. Then, the data latches 551-35x latch
the further next image data signals. (It should be noted that
the latch timing for the data latches 551-35x is not neces-
sarily the same timing as that for the data latches 451-45x,
but it may be other timing as long as it is before the data
latches 451-45n perform a subsequent latch operation.)

[0148] At that time, in the example shown in FIG. 12; for
example, the signal latched by the data latch 451 and output
therefrom becomes an H level. Accordingly, the AND circuit
541c of the switching-controlling section 541 outputs an
H-level signal, turning ON the transfer gate 411 for high
voltages, while the AND circuit 5414 outputs an L-level
signal, turning OFF the transfer gate 421 for low voltages.
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Consequently, the source line S1 is connected to the capaci-
tor element 431 for high voltages. At that time, the positive
charge stored in the capacitor element 431 for high voltages
is supplied to the source line S1, and the potential of the
source line S1 is further increased.

[0149] Meanwhile, the output from the data latch 452
becomes an L level. Accordingly, the AND circuit 542¢ of
the switching-controlling section 542 outputs an L-level
signal, turning OFF the transfer gate 412 for high voltages,
while the AND circuit 542d outputs an H-level signal,
turning ON the transfer gate 422 for low voltages. Conse-
quently, the source line S2 is connected to the capacitor
element 432 for low voltages. At that time, the positive
charge retained in the source line S2 is shifted and stored
into the capacitor element 432 for low voltages, and the
potential of the source line S2 is further reduced.

[0150] For those source lines S1-Sn in which the voltages
to be applied next do not change from the previous ones, the
outputs from the latch circuits 5415-54nb are maintained at
an L level. Consequently, those source lines are not con-
nected to either of the capacitor element 431 or 432, and are
maintained at the same voltage level. As a result, in those
source lines S1-Sn, an unnecessary shift of electric charge
does not occur, and moreover, the electric charge stored in
the transfer gate 341 for the positive polarity capacitor
element is supplied only to those source lines S1-Sn in
which the applied voltages thereto change from low voltages
to high voltages. Thus, the electric charge is utilized more
efficiently.

[0151] Period T4

[0152] The pixel electrodes P21-P2n are written in a
similar manner to that described in the period T1 above.
More specifically, CTL6 becomes an L level, turning OFF
all the transfer gates 411-41n and 421-42n. Meanwhile,
CTL1 becomes an H level, turning ON the DAC-connecting
transfer gates 321-32n, and the image signal voltages that
are output from the D-A converters 311-31x are applied to
the source lines S1-Sn.

[0153] More specifically, for example, the output from the
data latch 431 is at an H level, and accordingly, a high
voltage is applied to the source line S1 and the pixel
electrode P21. Here, for example, the potential of the source
line S1 has already been increased in the periods T2 and T3,
as described above, and therefore, it is sufficient that the D-A
converter 311 supplies only the electric charge that corre-
sponds to the potential difference between the increased
potential and the potential of the output from the D-A
converter 311. Moreover, as described above, those source
lines S1-Sn in which the voltages to be applied next do not
change from the previous ones are not connected to either
the capacitor element 431 or 432 in the periods T2 and T3,
and the voltages retained therein do not change. Therefore,
even when the same voltages are applied from the D-A
converters 311-31# to the source lines S1-Sn, there is little
current flow, and power is not consumed.

[0154] Period T5 Onward

[0155] Thereafter, the same operation as in the above-
described periods T2 through T4 are repeated, and thereby,
the image signal voltages that are output from the D-A
converters 311-31xn are sequentially applied to the pixel
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electrodes P11-Pmn corresponding to the gate lines G1-Gm;
consequently, an image for one screen frame is displayed.

[0156] As in the above-described periods T2 and T5, only
when the voltages applied to the pixel electrodes P11-Pmn
most recently are different from the voltages to be applied
next, the source lines S1-Sn are selectively connected to the
capacitor element 431 for high voltages or the capacitor
element 432 for low voltages according to the voltages
applied most recently. Therefore, an electric charge can be
stored thereto and supplied therefrom without causing an
unnecessary shift of electric charge between the source lines
S1-Sn or between the source lines S1-Sn and the capacitor
elements 431 and 432. In addition, as in the subsequent
periods T3 and T6, only when the voltages that have been
applied to the pixel electrodes P11-Pmn most recently are
different from the voltages that are to be applied thereto
next, the source lines are selectively connected to the
capacitor element 431 for high voltages or the capacitor
element 432 for low voltages according to the voltages to be
applied to the source lines S1-Sn next. As a consequence, an
electric charge can be stored thereto and supplied therefrom
without causing an unnecessary shift of electric charge in
these periods as well. Thus, the electric charge retained in
the source lines S1-Sn is more effectively stored and utilized
so that power consumption can be reduced. Furthermore,
those source lines S1-Sn in which the applied voltages do
not change are not connected to either the capacitor element
431 or 432, and the same voltages are maintained therein.
Therefore, even when voltages are applied from the D-A
converters 311-31x, there is little current flow, and power is
not consumed.

[0157] Tt should be noted that, Embodiment 3 too may be
applied to a liquid crystal display device for displaying
multi-level images by providing three or more capacitor
elements, and it may also be applied to liquid crystal display
devices of line inversion type or of column inversion drive
type, as described in Embodiment 2 above.

[0158] Furthermore, the circuit configuration is not limited
to that described above. For example, as shown in FIG. 13,
it is possible to provide the data latches 451-45n between the
data latches 551-55n and the switching-controlling sections
541-54n. This configuration is possible, for example, if the
values retained by the data latches 451-45x and the data
latches 551-55n are refreshed before the period T2 and only
the values retained by the data latches 451-45n are refreshed
at the period T3.

[0159]

[0160] FIG. 14is a circuit diagram schematically showing
the configuration of a primary portion of a liquid crystal
display device that includes a source driver (liquid crystal
panel driving device) 600 according to Embodiment 4.

[0161] The source driver 600 has a similar configuration to
that of Embodiment 2 (shown in FIG. 6). However, no
capacitor elements are provided, and the source lines S1-Sn
are merely connected to each other through either first
transfer gates 611-61x or second transfer gates 621-62n, and
through either a source line-connecting line 610 or a source
line-connecting line 620. The source lines S1-Sn are divided
into two groups of source lines, a first group and a second
group, and those switching-controlling sections 44n-1, 44n,

.. and so forth that correspond to the second group, for

Embodiment 4
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example those source lines Sn-1, Sn, . . . and so forth, are
supplied with inverted signals of the outputs from the data
latches 45n-1, 45n, . . . and so forth inverted by NOT circuits
63n-1, 63x, . . . and so forth. In other words, upon receiving
the same image data, each of one group of the source lines
S1, . .. and so forth and the other group of the source lines
Sn, . . . and so forth is connected to a different one of the
source line-connecting line 610 or 620. More specifically, as
shown in FIG. 15, for example, the pixel electrodes P11-P1xn
are written in the period T1, as in Embodiment 1 etc.
Thereafter, in the period T2, for the first group, when the
outputs from the data latches 451, . . . and so forth are at an
Llevel, the first transfer gates 611, . .. and so forth are turned
OFF while the second transfer gates 621, . . . and so forth are
turned ON. Meanwhile, for the second group, when the
outputs from the data latches 45#, . . . and so forth are at an
Llevel, the first transfer gates 61#, . . . and so forth are turned
ON while the second transfer gates 62#, . . . and so forth are
turned OFF.

[0162] This configuration is explained assuming that one
display line has 10 pixels, for example, as shown in FIG. 16.
In the period T2, the source line(s) corresponding to, among
the five pixels on the left, the pixel(s) to which low voltages
are applied in the period T1 and the source line(s) corre-
sponding to, among the five pixels on the right, the pixel(s)
to which high voltages are applied, are short-circuited
together. At the same time, the source line(s) corresponding
to, among the five pixels of the left, the pixel(s) to which
high voltages are applied in the period T1 and the source
line(s) corresponding to, among the five pixels on the right,
the pixel(s) to which low voltages are applied, are short-
circuited together. Thus, the electric charge retained in
source lines is averaged in the source lines that are con-
nected to each other. Now assume that the electric charge
retained in a source line to which a high voltage is applied
is 6 (the unit here is a unit proportional to Coulomb), the
electric charge retained in a source line to which a low
voltage is applied is 0, and the voltages as shown in Pattern
1 in the figure are applied. In both periods T1 and T3, the
electric charge retained in the third source line from the right
is 6, while in the period T2 the electric charge retained in that
source line is 1; accordingly, the difference therebetween,
which is an electric charge of 5, is to be supplied from the
power supply. By contrast, as shown also in the same figure,
in the case where all the source lines are short-circuited
regardless of the level of the applied voltages in the period
T2, the electric charge retained in the third source line from
the right is 0.6, and accordingly, an electric charge of 5.4 is
to be supplied from the power supply in the period T3. Thus,
by short-circuiting the source lines that are grouped in the
above-described manner, power consumption can be
reduced by an electric charge of 0.4. Also, in the other
Patterns 2 through 5 shown in FIG. 16, power consumption
can be reduced likewise in comparison with the case where
all the source lines are short-circuited.

[0163] In this case, depending on display patterns, power
consumption may not always reduced by grouping the
source lines in the above-described manner. However, as
shown in FIG. 16, such display images in which the pixels
corresponding to the display lines adjacent to each other
show a high correlation are very common in computer
screens or the like that extensively use, for example, window
displays and line/border displays. Therefore, particularly in
the cases of such display images, the present embodiment is
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effective in reducing power consumption. Moreover,
because capacitor elements are unnecessary, the circuit scale
can be suppressed. Furthermore, it is sufficient that the first
transfer gates 611-61» and so forth are maintained to be in
a single switching state while CTL1 is at an L level, and this
makes it easy to shorten the period of time necessary to
display one frame.

[0164] The foregoing has described an example in which
the pixels in a display line are grouped into two groups that
are on the right and on the left, but this example is not meant
to limit the embodiment. It is also possible that, for example,
the groups may be formed by the pixels of odd numbered
columns and the pixels of even numbered columns, and that
each group may be made of a plurality of pixels adjacent to
each other. It is also possible that each group is formed by
pixels located in random positions.

[0165] Further, the foregoing has described an example in
which some of the switching-controlling sections 44#n-1,
44n, . . . and so forth are supplied with the signals inverted
by the NOT circuits 63#-1, 63#, . . . and so forth, but this is
not meant to limit the embodiment either. For example, it is
possible to replace the signals output from the switching-
controlling sections 44n-1, 44n, . . . and so forth to the first
transfer gates 61n-1, 61n, . . . and so forth with the signals

output to the second transfer gates 62n-1, 62n, . . . and so
forth.
[0166] In the present Embodiment 4 as well, three or more

source line-connecting lines 610 etc. may be provided so
that the invention can be applied to a liquid crystal display
device capable of displaying multi-level images. If this is the
case, it is possible to control whether the source lines are
connected to the source line-connecting line 610, . . . and so
forth according to the difference between the voltages that
are previously or subsequently applied to the source lines
S$1-Sn, not according to whether the voltages are the same or
not.

[0167]

[0168] FIG. 17 s a circuit diagram schematically showing
the configuration of a primary portion of a liquid crystal
display device including a source driver (liquid crystal panel
driving device) 700 according to Embodiment 5.

[0169] In the source driver 700, the source lines S1-Sn are
connected to each other through the source line-connecting
transfer gates 711-71x and the source line-connecting line
710. The source line-connecting transfer gates 711-71x are
controlled by the switching-controlling sections 721-72x,
respectively. The switching-controlling sections 721-72x
comprise, as shown in FIG. 18, NOR circuits 721a¢-72na
and AND circuits 7215-72nb. The switching-controlling
sections 721-72n turn ON the source line-connecting trans-
fer gates 711-71n when CTL6 is at an H level and the outputs
from the data latches 451-45x are different from the outputs
from the data latches 551-55u, that is, only when the
voltages applied to the source lines S1-Sn change.

[0170] With the above-described configuration, for those
source lines S1-Sn in which voltages previously and subse-
quently applied for writing do not change, the switching-
controlling sections 721-72x output an L-level signal, turn-
ing OFF the source line-connecting transfer gates 711-71x.
As a consequence, an unnecessary shift of electric charge
does not occur between the foregoing source lines S1-Sn and

Embodiment 5



US 2003/0174119 Al

other source lines S1-Sn, and the same level of the voltage
retained therein is applied from the D-A converters 311-31x.
Thus, there is little current flow, and power is not consumed.
By contrast, for those source lines S1-Sn in which the
applied voltages change, the switching-controlling sections
721-72n output an H-level signal, turning ON the source
line-connecting transfer gates 711-71x, so the source lines
are connected to each other through the source line-connect-
ing line 710. Consequently, a shift of electric charge occurs
from those source lines S1-Sn with high voltages to those
source lines S1-Sn with low voltages, that is, to those source
lines S1-Sn to which high voltages are applied next. Thus,
it is possible to reduce the current that flows from the power
supply when high voltages are applied, and consequently,
power consumption is suppressed. Moreover, capacitor ele-
ments are unnecessary as in Embodiment 4 above, so the
circuit scale 1s reduced likewise. Furthermore, it is sufficient
that the source line-connecting transfer gates 711-71n are
maintained to be in a single switching state while CTL1 is
at Llevel, and this makes it easy to shorten the period of time
necessary to display one frame.

[0171] In the present Embodiment 5 as well, in cases of
displaying multi-level images, it is possible to control
whether or not the source lines are connected to the source
line-connecting line 710 according to the difference between
the voltages applied previously and subsequently to the
source lines S1-Sn.

[0172] As described above, when all those source lines
$1-Sn in which the applied voltages change are connected to
each other, the potentials of those source lines S1-Sn can be
easily brought to averaged potentials, but this is not meant
to limit the embodiment. For example, a source driver 800
as shown in FIG. 19 may be provided so that the source lines
are connected to either one of the source line-connecting line
610 or 620 according to whether the applied voltages change
to high voltages or to low voltages. In this source driver 8§00,
the transfer gates 611-61x and 621-62n for connecting the
source lines S1-Sn to the source line-connecting line 610 or
620, which are similar to the foregoing Embodiment 4
(shown in FIG. 14), are controlled by the switching-con-
trolling sections 541-54n, which are similar to the foregoing
Embodiment 3 (shown in FIG. 10). Also, the switching-
controlling sections 54n-1, 54n, . . . and so forth that
correspond to the second group of the source lines Sn-1, Sn,
... and so forth are supplied with the inverted signals of the
outputs from the data latches 45n-1, 551-1, . . . and so forth
that are inverted by the NOT circuits 63#x-1, . . . and so forth.
Thus, as seen from FIG. 20, those source lines S1, . . . and
so forth of the first group in which the applied voltages
change to high voltages are connected to those source lines
Sn, . . . and so forth of the second group in which the applied
voltages change to low voltages, and those source lines S2,

. and so forth of the first group in which the applied
voltages change to low voltages are connected to those
source lines Sn-1, . . . and so forth of the second group in
which the applied voltages change to high voltages. As a
consequence, voltages are averaged between the connected
source lines, and the current flowing through those source
lines to which high voltages are applied next can be reduced.

[0173] As has been described thus far, in one embodiment
of the present invention, the source lines are connected to a
capacitor element and thereafler to an opposing electrode. In
another embodiment, capacitor elements connected to the
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source lines are switched according to image data signals,
and/or according to change between a previous image data
signal and a subsequent image data signal. In further another
embodiment, the source lines are selectively connected to
each other according to image data signals or according to
change between a previous image data signal and a subse-
quent image data signal. Thus, power consumption can be
significantly reduced easily. Moreover, the time required for
storing and supplying an electric charge can be shortened,
and further, the circuit scale can be reduced.

[0174] The invention may be embodied in other forms
without departing from the spirit or essential characteristics
thereof The embodiments disclosed in this application are to
be considered in all respects as illustrative and not limiting.
The scope of the invention is indicated by the appended
claims rather than by the foregoing description, and all
changes which come within the meaning and range of
equivalency of the claims are intended to be embraced
therein.

What is claimed is:

1. Aliquid crystal panel driving device for a liquid crystal
display device comprising source lines, pixel switches, pixel
electrodes connected to the source lines through the pixel
switches, and an opposing electrode opposed to the pixel
electrodes, the liquid crystal panel driving device alternately
applying to the pixel electrodes through the source lines high
voltages and low voltages that are respectively higher and
lower than a predetermined voltage, both of the voltages
corresponding to image data for pixels, the liquid crystal
panel driving device comprising:

a charge-storing means for storing an electric charge,

a charge-storing means-connecting means for connecting
and disconnecting the source lines and the storing
means;

an opposing electrode-connecting means for connecting
and disconnecting the source lines and the opposing
electrode; and

a controlling means for controlling the charge-storing
means-connecting means and the opposing electrode-
connecting means such that, after applying one of the
high voltage and the low voltage to a set of the pixel
electrodes but before applying the other one of the
voltages to a subsequent set of the pixel electrodes, the
source lines are connected to the electric charge-storing
means and subsequently the source lines are connected
to the opposing electrode.

2. The liquid crystal panel driving device according to

claim 1, wherein:

the charge-storing means comprises a first charge-storing
means and a second charge-storing means;,

the charge-storing means-connecting means comprises a
first charge-storing means connecting-means for con-
necting and disconnecting the first charge-storing
means, and a second charge-storing means-connecting
means for connecting and disconnecting the second
electric charge-storing means; and

the charge-storing means-connecting means further com-
prises a mutually-connecting means for mutually con-
necting and disconnecting the first charge-storing
means and the second charge-storing means; and
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the controlling means controls the first charge-storing
means-connecting means, the second charge-storing
means-connecting means, and the mutually-connecting
means such that, after applying the high voltages to a
previous set of the pixel electrodes but before applying
the low voltages to a subsequent set of the pixel
electrodes, the source lines are connected to the first
electric charge-storing means at first timing and there-
after the source lines are connected to the opposing
electrode at second timing, and after applying the low
voltages to the subsequent set of the pixel electrodes
but before applying the high voltages to a further
subsequent set of the pixel electrodes, the source lines
are connected to the second electric charge-storing
means at third timing and thereafter the source lines are
connected to the opposing electrode at fourth timing,
and the first electric charge-storing means and the
second electric charge-storing means are mutually con-
nected at fifth timing that is later than the first timing or
the third timing.

3. The liquid crystal panel driving device according to

claim 1, wherein:

the charge-storing means comprises a first charge-storing
means and a second charge-storing means;,

the charge-storing means-connecting means comprises a
first charge-storing means-connecting means for con-
necting and disconnecting the first charge-storing
means and a second charge-storing means-connecting
means for connecting and disconnecting the second
charge-storing means; and

the controlling means controls the first charge-storing
means-connecting means and the second charge-stor-
ing means-connecting means such that, after applying
one of the high voltages and the low voltages to a
previous set of the pixel electrodes but before applying
the other one of the voltages to a next set of the pixel
electrodes, the source lines are connected at first timing
to one of the first charge-storing means and the second
charge-storing means corresponding to the applied
voltages, thereafter the source lines are connected to the
opposing electrode at second timing, and the source
lines are connected to the other one of the first charge-
storing means and the second charge-storing means at
third timing that is later than the second timing.

4. A liquid crystal panel driving device for a liquid crystal
display device comprising source lines, pixel switches, pixel
electrodes connected to the source lines through the pixel
switches, and an opposing electrode opposed to the pixel
electrodes, the liquid crystal panel driving device alternately
applying to the pixel electrodes through the source lines high
voltages and low voltages that are respectively higher and
lower than a predetermined voltage, both of the voltages
corresponding to image data for pixels, the liquid crystal
panel driving device comprising:

a charge-storing means for storing an electric charge;

a charge-storing means-connecting means for selectively

connecting and disconnecting the source lines to one of

terminals of the charge-storing means or the other one
of the terminals thereof; and

a controlling means for controlling the charge-storing
means-connecting means such that, after applying one
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of the high voltages and the low voltages to the pixel
electrodes but before applying the other one of the
voltages to the pixel electrodes, the source lines are
connected to one of the terminals of the charge-storing
means at first timing, and thereafter, the source lines are
connected to the other one of the terminals of the
charge-storing means at second timing.

5. The liquid crystal panel driving device according to

claim 4, further comprising:

an opposing electrode-connecting means for connecting
and disconnecting the source lines and the opposing
electrode; and

wherein the controlling means controlling the opposing

electrode-connecting means such that the source lines

are connected to the opposing electrode at third timing

that is between the first timing and the second timing.

6. Aliquid crystal panel driving device for a liquid crystal

display device comprising source lines, pixel switches, pixel

electrodes connected to the source lines through the pixel

switches, and an opposing electrode opposed to the pixel

electrodes, the liquid crystal panel driving device applying

to the pixel electrodes voltages corresponding to image data

for pixels through the source lines, the liquid crystal panel
driving device comprising:

a charge-utilizing means for utilizing an electric charge of
the source lines;

a charge-utilizing means-connecting means for connect-
ing and disconnecting the source lines and the charge-
utilizing means; and

a controlling means for controlling the charge-utilizing
means-connecting means based on at least one of the
first voltage and the second voltage after applying a
first voltage to a previous set of the pixel electrodes but
before applying a second voltage to a subsequent set of
the pixel electrodes.

7. The liquid crystal panel driving device according to

claim 6, wherein:

the charge-utilizing means comprises a plurality of
charge-storing means for storing an electric charge; and

the controlling means controls the charge-utilizing
means-connecting means such that, after applying a
first voltage to a previous set of the pixel electrodes but
before applying a second voltage to a subsequent set of
the pixel electrodes, the source lines are connected at
first timing to one of the plurality of charge-storing
means selected according to the first voltage, and
thereafter the source lines are connected at second
timing to another one the plurality of charge-storing
means selected according to the second voltage.

8. The liquid crystal panel driving device according to
claim 7, wherein:

the image data are multi-level image data;

the plurality of charge-storing means are provided so as to
correspond to voltage groups, respectively, each of the
voltage groups including voltages that are applied to
the pixel electrodes corresponding to the multi-level
image data and are grouped together into at least one
kind of voltage; and
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the controlling means controls the charge-utilizing
means-connecting means such that the source lines are
connected at the first timing to the charge-storing
means that corresponds to the voltage group that
includes the first voltage, and the source lines are
connected at the second timing to the charge-storing
means that corresponds to the voltage group that
includes the second voltage.

9. The liquid crystal panel driving device according to

claim 7, wherein:

the image data are binary level image data;

the plurality of charge-storing means comprises a charge-
storing means for high voltages and a charge-storing
means for low voltages that correspond to voltages
applied to the pixel electrodes corresponding to the
binary level image data,

the controlling means controls the charge-utilizing
means-connecting means such that the source lines are
connected at the first timing to the charge-storing
means for high voltages or the charge-storing means for
low voltages corresponding to the first voltage, and the
source lines are connected at the second timing to the
charge-storing means for high voltages or the charge-
storing means for low voltages corresponding to the
second voltage.

10. The liquid crystal panel driving device according to
claim 7, wherein the controlling means controls whether or
not the source lines are connected to one of the charge
storing means at the first timing and the second timing
according to the first voltage and the second voltage.

11. The liquid crystal panel driving device according to
claim 10, wherein the controlling means controls the charge-
utilizing means-connecting means such that the source lines
are connected to one of the charge storing means at the first
timing and the second timing when the voltage difference
between the first voltage and the second voltage is equal to
or greater than a predetermined difference.

12. The liquid crystal panel driving device according to
claim 6, wherein:

the charge-utilizing means comprises a first source line-
connecting line and a second source line-connecting
line, each connecting the source lines one another;

the charge-utilizing means-connecting means comprises;

a first connecting line-connecting means for selectively
connecting and disconnecting the source lines and the
first source line-connecting line; and

a second connecting line-connecting means for selec-
tively connecting and disconnecting the source lines
and the second source line-connecting line; and
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the controlling means controls the first connecting line-
connecting means and the second connecting line-
connecting means such that, after applying a first
voltage to a previous set of the pixel electrodes but
before applying a second voltage to a subsequent set of
the pixel electrodes, among the source lines grouped
into at least a first group and a second group, the source
lines of the first group are connected to the first source
line-connecting line when the first voltage is higher
than a predetermined voltage but are connected to the
second source line-connecting line when the first volt-
age is lower than the predetermined voltage, and the
source lines of the second group are connected to the
first source line-connecting line when the first voltage
is lower than the predetermined voltage but are con-
nected to the second source line-connecting line when
the first voltage is higher than the predetermined volt-
age.

13. The liquid crystal panel driving device according to
claim 12, wherein the controlling means controls whether or
not the source lines are connected to the first source line-
connecting line or the second source line-connecting line
according to the first voltage and the second voltage.

14. The liquid crystal panel driving device according to
claim 13, wherein the controlling means controls the charge-
utilizing means-connecting means such that the source lines
are connected to the first source line-connecting line or the
second source line-connecting line when the voltage differ-
ence between the first voltage and the second voltage is
equal to or greater than a predetermined difference.

15. The liquid crystal panel driving device according to
claim 6, wherein:

the charge-utilizing means comprises a source line-con-
necting line that connects the source lines one another;
and

the controlling means controls the charge-utilizing
means-connecting means such that after applying a first
voltage to a previous set of the pixel electrodes but
before applying a second voltage to a subsequent set of
the pixel electrodes, the source lines are connected to
the source line-connecting line according to the first
voltage and the second voltage.

16. The liquid crystal panel driving device according to
claim 15, wherein the controlling means controls the charge-
utilizing means-connecting means such that the source lines
are connected to the source line-connecting line when the
voltage difference between the first voltage and the second
voltage is equal to or greater than a predetermined differ-
ence.
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