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Description

[0001] The present invention relates to technologies
pertaining 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 elec-
tric charge is stored in between an opposing electrode
and pixel electrodes by applying voltages corresponding
toimage data to the pixel electrodes through source lines
and pixel switches.

[0002] An active matrix type liquid crystal display de-
vice 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 Transis-
tors), 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 ap-
plies voltages corresponding to image data for the re-
spective pixels to the source lines 906. Specifically, the
source lines 906 receives the voltages that successively
change corresponding to image data for the pixels cor-
responding to the gate lines 905 to which the sequential
drive pulses are input, and the voltages are retained in
between the pixel electrodes 902 and the opposing elec-
trodes 903 (in a liquid crystal capacitance), so that im-
ages are displayed.

[0004] In such liquid crystal display devices as de-
scribed 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 volt-
ages 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 pic-
ture 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] Reducingthe power consumption as described
above is an important issue for, for example, devices that
need to be driven by batteries for long hours, as exem-
plified by portable terminal devices such as mobile tele-
phones, which have rapidly become widespread. In view
of this, various technologies have been proposed to re-
duce the power consumption as described above.
[0006] For example, Japanese Unexamined Patent
Publication No. 2000-221932 discloses the technology
as follows; before the source driver newly applies volt-
ages 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 correspond-
ing to image data.

[0007] Also, Published Japanese Translation of PCT
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publication No. 9-504389) (US-A-5528256) discloses a
technology in which, before the source driver newly ap-
plies 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.

[0008] Japanese Unexamined Patent Publication No.
10-222130 discloses the following technique. Using a ca-
pacitor 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 ca-
pacitor 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] DocumentXP 11061169 discloses a multi-level
multi-phase charge recycling method of driving for reduc-
ing the power requirements of an active matrix liquid crys-
tal display.

[0010] These conventional liquid crystal panel driving
devices, however, have a problem in that none of them
can reduce the power consumption significantly. Specif-
ically, when all the source lines are connected to each
other uniformly or capacitors are connected thereto, eve-
ry source line is made to have an average potential, For
this reason, when a voltage is applied at a similar mag-
nitude 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 con-
nected twice each time a voltage corresponding to image
data is applied to the source lines, as described in Jap-
anese Unexamined Patent Publication No. 10-222130,
the time required for the sequence becomes long. This
may cause a problem in thatitis difficult to display images
at an appropriate scanning frequency.

[0011] In view of the foregoing and other problems, it
is an object of the present invention to achieve a signif-
icantreductionin 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.

[0012] This is achieved by the features as set forth in
the independent claim.

[0013] In a first aspect, 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 volt-
ages and low voltages that are respectively higher and
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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 elec-
trode-connecting means for connecting and disconnect-
ing 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 volt-
ages 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.

[0014] In this configuration, the source lines are con-
nected to the charge-storing means and thereafter to the
opposing electrode, and the potential of each source line
becomes approximately an intermediate potential be-
tween a high voltage and a low voltage. Therefore, it is
possible to reduce the electric charge that is to be sup-
plied 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.

[0015] Inasecond aspectin a liquid crystal panel driv-
ing device according to the first aspect, the charge-stor-
ing means comprises a first charge-storing means and
a second charge-storing means; the charge-storing
means-connecting means comprises a first charge-stor-
ing means connecting-means for connecting and discon-
necting 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-connecting means, and the mutu-
ally-connecting means such that, after applying the high
voltages to a previous set of the pixel electrodes but be-
fore 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 tim-
ing 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
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is later than the first timing or the third timing.

[0016] In this configuration, the source lines are con-
nected 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 sec-
ond and the fourth timing. As a result, the voltages of the
source lines are brought closer to the voltages to be ap-
plied 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 con-
nected 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 stor-
ing and supplying of electric charge as described above
can be carried out efficiently.

[0017] Inathird aspect, in aliquid crystal panel driving
device according to the first aspect, the charge-storing
means comprises a first charge-storing means and a sec-
ond charge-storing means; the charge-storing means-
connecting means comprises a first charge-storing
means-connecting means for connecting and discon-
necting 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-stor-
ing means-connecting means and the second charge-
storing means-connecting means such that, after apply-
ing 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 volt-
ages, 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 tim-
ing that is later than the second timing.

[0018] In this configuration, the source lines are con-
nected 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 connected to the opposing electrode at the sec-
ond 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 sub-
sequent voltage application can be further decreased,
and power consumption can be reduced.

[0019] In a fourth aspect, 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
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the pixel electrodes through the source lines high volt-
ages 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 discon-
necting 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
of the high voltages and the low voltages to the pixel
electrodes but before applying the other one of the volt-
ages 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.

[0020] 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 volt-
ages. Therefore, power consumption can be reduced,
and the circuit scale can also be reduced.

[0021] In a fifth aspect, a liquid crystal panel driving
device according to the fourth aspect further comprises
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.

[0022] With this configuration, the circuit scale can be
reduced. In addition, as explained regarding the liquid
crystal panel driving device according to the second as-
pect, the voltages of the source line are further brought
close to the voltages to be applied next; as a conse-
quence, the current flow at the time of the subsequent
voltage application can be decreased, and power con-
sumption can thus be reduced.

[0023] In a sixth aspect, 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 pix-
els through the source lines, the liquid crystal panel driv-
ing device comprising: a charge-utilizing means for uti-
lizing 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 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 elec-
trodes but before applying a second voltage to a subse-
quent set of the pixel electrodes.
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[0024] In this configuration, an electric charge is uti-
lized 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 consumption can be reduced.

[0025] In a seventh aspect, in a liquid crystal panel
driving device according to the sixth aspect, 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 pre-
vious set of the pixel electrodes but before applying a
second voltage to a subsequent set of the pixel elec-
trodes, the source lines are connected at first timing to
one of the plurality of charge-storing means selected ac-
cording to the first voltage, and thereafter the source lines
are connected at second timing to another one the plu-
rality of charge-storing means selected according to the
second voltage.

[0026] In this configuration, the source lines are con-
nected to one of the charge charge-storing means se-
lected according to the first or the second voltage. There-
fore, an unnecessary shift of electric charge between the
source lines can be reduced, and efficiency in utilizing
the electric charge can be improved further.

[0027] Inaneighthaspect, inaliquid crystal panel driv-
ing device according to the seventh aspect, the image
data are multi-level image data; the plurality of charge-
storing means are provided so as to correspond to volt-
age groups, respectively, each of the voltage groups in-
cluding 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
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 corre-
sponds to the voltage group that includes the second
voltage.

[0028] 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 utiliz-
ing the electric charge can be improved further.

[0029] In aninth aspectin aliquid crystal panel driving
device according to the seventh aspect, the image data
are binary levelimage data; the plurality of charge-storing
means comprises a charge-storing means for high volt-
ages 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 con-
trolling means controls the charge-utilizing means-con-
necting 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
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means for high voltages or the charge-storing means for
low voltages corresponding to the second voltage.
[0030] With this configuration, in cases where binary
levelimages 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.

[0031] Inatenth aspectin aliquid crystal panel driving
device according to the seventh aspect, the controlling
means controls whether or not the source lines are con-
nected to one of the charge storing means at the first
timing and the second timing according to the first voltage
and the second voltage.

[0032] In an eleventh aspect, in a liquid crystal panel
driving device according to the tenth aspect, the control-
ling means controls the charge-utilizing means-connect-
ing 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.

[0033] Withthese 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 im-
proved further.

[0034] In atwelfth aspect in a liquid crystal panel driv-
ing device according to the sixth aspect, the charge-uti-
lizing means comprises afirst source line-connecting line
and a second source line-connecting line, each connect-
ing 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-connect-
ing means for selectively connecting and disconnecting
the source lines and the second source line-connecting
line; and the controlling means controls the first connect-
ing 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 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 high-
er than the predetermined voltage.

[0035] In this configuration, each group of the source
lines is connected in the above-described manner ac-
cording to the voltages applied thereto. As a result, the
voltages of the source lines can be brought closer to the
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voltages to be applied next so that the current flow at the
time of the subsequent voltage application can be de-
creased and power consumption can be reduced, in cas-
es of, forexample, displays in which the pixels in adjacent
display lines show a strong correlation of the display pat-
terns, 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 unnec-
essary.

[0036] In a thirteenth aspect, in a liquid crystal panel
driving device according to the twelfth aspect, the con-
trolling 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.

[0037] In a fourteenth aspect, in a liquid crystal panel
driving device according to the thirteenth aspect, the con-
trolling means controls the charge-utilizing means-con-
necting 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 predetermined difference.

[0038] Withthese 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 im-
proved further.

[0039] In a fifteenth aspect, in a liquid crystal panel
driving device according to the sixth aspect, the charge-
utilizing means comprises a source line-connecting line
that connects the source lines one another; and the con-
trolling means controls the charge-utilizing means-con-
necting 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 elec-
trodes, the source lines are connected to the source line-
connecting line according to the first voltage and the sec-
ond voltage.

[0040] In a sixteenth aspect, in a liquid crystal panel
driving device according to the fifteenth aspect, the con-
trolling means controls the charge-utilizing means-con-
necting means such that the source lines are connected
to the source line-connecting line when the voltage dif-
ference between the first voltage and the second voltage
is equal to or greater than a predetermined difference.
[0041] 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. There-
fore, the efficiency in utilizing the electric charge can be
improved further. Moreover, the circuit scale can be sig-
nificantly reduced since the use of charge-storing means
is unnecessary.

Figure 1 is a circuit diagram showing a liquid crystal
display device according to comparative example 1;
Figure 2 is a timing chart showing the operation of
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the liquid crystal display device;

Figure 3 is a circuit diagram showing a variation of
the liquid crystal display device according to com-
parative example 1;

Figure 4 is a timing chart showing the operation of
the liquid crystal display device;

Figure 5 is a circuit diagram showing a primary por-
tion of another variation of the liquid crystal display
device according to comparative example 1;

Figure 6 is a circuit diagram showing the configura-
tion of a liquid crystal display device according to
comparative example 2;

Figure 7 is a circuit diagram showing the configura-
tion of the switching controlling section;

Figure 8 is a timing chart showing the operation of
the liquid crystal display device;

Figure 9 is a circuit diagram showing a primary por-
tion of a variation of the liquid crystal display device
according to comparative example 2;

Figure 10 is a circuit diagram showing the configu-
ration of a liquid crystal display device according to
Embodiment 3;

Figure 11 is a circuit diagram showing the configu-
ration of the switching controlling section;

Figure 12 is a timing chart showing the operation of
the liquid crystal display device;

Figure 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;
Figure 14 is a circuit diagram showing the configu-
ration of a liquid crystal display device according to
comparative example 4;

Figure 15 is a timing chart showing the operation of
the liquid crystal display device;

Figure 16 illustrates a specific example of an oper-
ation of the liquid crystal display device;

Figure 17 is a circuit diagram showing the configu-
ration of a liquid crystal display device according to
comparative example 5;

Figure 18 is a circuit diagram showing the configu-
ration of the switching controlling section;

Figure 19 is a circuit diagram showing the configu-
ration of a variation of the liquid crystal display device
according to comparative example 5;

Figure 20 is a timing chart showing the operation of
the liquid crystal display device; and

Figure 21 is a circuit diagram showing the configu-
ration of a conventional liquid crystal display device.

DETAILED DESCRIPTION OF THE INVENTION
[0042] Hereinafter, preferred embodiments of the
present invention are described with reference to the
drawings.

comparative example 1

[0043] Fig.1isacircuitdiagram schematically showing
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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 ac-
cording to comparative example 1 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 re-
spect to the polarity of a later-described opposing elec-
trode in order to prevent degradation in the quality of
images displayed on the liquid crystal panel 100. Gen-
erally, 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 elec-
trode is changed to reverse its relationship with the volt-
ages applied to the pixel electrodes. For the sake of sim-
plicity in illustration, only the examples employing the
former method are discussed herein.

[0044] As shown in Figure 1, the liquid crystal panel
100 comprises:

a liquid crystal layer L11-Lmn;

pixel electrodes P11-Pmn;

an opposing electrode 101;

pixel switches T11-Tmn composed of, for example,
TFTs (Thin Film Transistors);

gate lines G1-Gm; and

source line $1-Sn, such that it displays images by
retaining image signal voltages corresponding to im-
age data in between the pixel electrodes P11-Pmn
and the opposing electrode 101, in other words, in
a liquid crystal capacitance.

[0045] 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 $1-
Sn are applied to the pixel electrodes P11-Pmn.

[0046] The sourcedriver 300 appliesimage signal volt-
ages for respective pixels to the source lines $1-Sn. More
specifically, the source driver 300 is provided with D-A
converters 311-31n for converting digital image data into
analog voltage signals, and the D-A converters 311-31n
are connected to the source lines $1-Sn through DAC-
connecting transfer gates 321-32n, respectively.

[0047] The source lines $1-Sn are connected to one
another through transfer gates 331-33n 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 trans-
fer gate 343 for the opposing electrode, respectively. The
capacitor elements 351 and 352 store and supply a neg-
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ative or positive electric charge for parasitic capacitors
or the like in the source lines $1-Sn. The capacitor ele-
ments 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.

[0048] 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.

[0049] In the liquid crystal display device thus config-
ured, image signal voltages corresponding to image data
are retained (written) in between the pixel electrodes
P11-Pmn and the opposing electrode 101 by the oper-
ation according to changes in the control signals shown
in Figure 2, which will be described below.

Period T1

[0050] 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-P1n 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 ex-
ample, the opposing electrode 101 are output from the
D-A converter 311-31n and applied to the source lines
S$1-Sn. Atthat 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 connected to the gate
line G1 are turned ON, and the image signal voltages
output from the D-A converters 311-31n are applied to
the pixel electrodes P11-P1n. The image signal voltages
are then retained in the liquid crystal capacitance be-
tween the pixel electrodes P11-P1n and the opposing
electrode 101. These voltages are also retained in the
parasitic capacitance in the source lines $1-Sn.

Period T2

[0051] Next, CTL1 becomes an L level, and the DAC-
connecting transfer gates 321-32n are turned OFF.
Meanwhile, 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 ele-
ment are turned ON. Accordingly, the source lines $1-
Sn are disconnected from the D-A converters 311-31n
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 $1-Sn is
shifted to the positive polarity capacitor element351, and
the potentials of the source lines S1-Sn are reduced.
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Period T3

[0052] SELHbecomesanLlevel, andthe transfergate
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. Accordingly, the source lines S1-Sn are disconnect-
ed from the positive polarity capacitor element 351 but
are connected to the opposing electrode 101. At that
time, the potentials of the source lines $1-Sn further de-
crease, resulting in the same potential as that of the op-
posing electrode 101.

Period T4

[0053] In this period, voltages with negative polarity
are written into the pixel electrodes P21-P2n 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-connect-
ing transfer gates 321-32n, and the image signal voltages
with negative polarity that are output from the D-A con-
verters 311-31n are applied to the source lines $1-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 po-
larity that are output from the D-A converters 311-31n
are applied and retained into the corresponding pixel
electrodes P21-P2n. Here, the voltages of the source
lines $1-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 neg-
ative polarity are applied while the image signal voltages
with positive polarity are kept retained.

Period T5

[0054] 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 $1-Sn are dis-
connected from the D-A converters 311-31n but are con-
nected to the negative polarity capacitor element 352. At
thattime, the negative electric charge retained in the par-
asitic capacitance in the source lines $1-Sn is shifted to
the negative polarity capacitor element 352, and the po-
tentials of the source lines S1-Sns are increased.

Period T6

[0055] When SELL becomes an L level and CTL3 be-
comes 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. Ac-
cordingly, the source lines $1-Sn are connected to the
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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 T7 onward

[0056] 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 311-31n are sequentially ap-
plied to the pixel electrodes P11-Pmn corresponding to
the gate lines G1-Gm; consequently, an image for one
screen frame is displayed.

[0057] 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 ele-
ments 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.
[0058] Therefore, as described above, by connecting
the capacitor elements 351 and 352 to the source lines
S$1-Sn and subsequently connecting the opposing elec-
trode 101 to the source lines $1-Sn in the period T2 or
the period T5, the voltages of the source lines $1-Sn can
be reduced or raised. Consequently, it is possible to re-
duce the power consumption that is consumed when the
subsequent image signal voltages corresponding to im-
age data are applied.

[0059] Intheforegoingexample,ithas been explained,
for convenience in description, as if the voltages of the
source lines $1-Sn have either positive polarity or neg-
ative polarity, but it should be understood that the polar-
ities here are relative to the potential of the opposing
electrode 101. Therefore, even if the voltages of the
source lines $1-Sn have positive polarity or negative po-
larity, 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.

[0060] In addition, it has been explained as if the po-
tential of the opposing electrode 101 is constant, but the
potential thereof may be varied to make the voltages of
the source lines $1-Sn have negative polarity. In this
case as well, the essential operation such as the shift of
electric charge remains the same.

[0061] 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 comparative example. That is, even
if the capacitor elements 351 and 352 are connected to
apotential thatis other than that of the opposing electrode
101, the operation is the same as described above al-
though the electric charge stored in the capacitor ele-
ments 351 and 352 increases or decreases according to
the potential difference between the other potential and
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the potential of the opposing electrode 101. Here, It
should be noted that in the case where the capacitor el-
ements 351 and 352 are connected to the opposing elec-
trode 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 ele-
ments 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 ele-
ments 351 and 352 may be short-circuited individually to
discharge the electric charge stored in the capacitor el-
ements 351 and 352 in place of the short-circuiting in the
above-described manner.

[0062] Further, in order to short-circuit the capacitor
elements 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 neg-
ative polarity capacitor element atthe same time, in place
of using the transfer gate 344 for short-circuiting.
[0063] 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 8$1-Sn in the period.

[0064] 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 Figure 3. Inthe example shown in the figure, the source
lines $1-Sn can be connected to the positive polarity ca-
pacitor 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 el-
ement. Meanwhile, the source lines $1-Sn can be con-
nected 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 respectively con-
nected 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 CTLA1,
CTL3 to CTL5, SELH, SELL, and SHORT as shown in
Fig. 4, and as a result, power consumption can be re-
duced.

[0065] Further, if, in a period in which the source lines
S$1-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-T2n, then
an electric charge can be stored and supplied between
the liquid crystal capacitor in each of these pixels and
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the capacitor elements 351 or 352.

[0066] The parasitic capacitance in the source lines
S1-Snis also produced between the source lines $1-Sn
and the gate lines G1-Gm. In view of this, in place of
connecting the source lines $1-Sn to the opposing elec-
trode 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 capaci-
tance. In this case, however, it is necessary to provide
transfer gates similar to the above-described DAC-con-
necting transfer gates 321-32n in order to disconnect the
gate driver 200 from the gate lines G1-Gm, and it is nec-
essary that, when a plurality of gate lines G1-Gm are
connected to the source lines $1-Sn, the pixel switches
T11-Tmn be such that they enter the OFF state when
the source-gate voltage is 0 V.

[0067] Further, in addition to the line inversion drive as
described above, a column inversion drive may be em-
ployed, in which image signal voltages with opposite po-
larities are applied to the source lines §1-Sn that are
adjacentto eachother. Ifthis 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 connecting line, the capacitor elements 351 and 352,
and the like separately for each of odd numbered col-
umns and even numbered columns, as shownin Figure 5.
[0068] 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 eve-
ry 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 $1-Sn to one of the capacitor
elements, thereafter to the opposing electrode 101, and
subsequently to the other capacitor element. In this case,
although the number of steps required increases be-
tween the time at which voltages are applied from the D-
A converters 311-31n and the time at which the subse-
quent voltages are applied, an electric charge can be
more efficiently stored into and supplied from the capac-
itor elements 351 and 352, and as a result, power con-
sumption can be reduced further.

[0069] 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 sequentially, 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 alter-
nately connected is also effective even when the source
lines are not connected to the opposing electrode 101.

comparative example 2
[0070] comparative example 2 describes a liquid crys-

tal panel driving device that can further reduce power
consumption. For convenience in description, compara-
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tive example 2 describes a case in which two kinds of
voltages having the same polarity with respect to the po-
larity of the opposing electrode 101 but having different
voltages, a relative high voltage and a relative low volt-
age, 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 embodiments, similar components and ele-
ments having similar functions to the components and
elements described in the foregoing comparative exam-
ple 1 and so forth are designated by the same reference
characters, and will not be further elaborated upon.
[0071] Figure 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 compara-
tive example 2.

[0072] 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 voltag-
es, 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
411-41nfor high voltages and the transfer gates 421-42n
for low voltages are controlled by switching-controlling
sections 441-44n. That is, the present comparative ex-
ample is similar to one variation of the foregoing com-
parative example 1 (shown in Figure 3) in that the source
lines $1-Sn are connected to the capacitor elements 431
and 432 through the transfer gates 411-41n and
421-42n, respectively, but it greatly differs therefrom in
that the transfer gates 411-41n and 421-42n are individ-
ually controlled by the switching-controlling sections
441-44n.

[0073] The switching-controlling sections 441-44n
comprises, for example as shown in Figure 7, pairs of
AND circuits 441ato 44na and 441b to 44nb. The switch-
ing-controlling sections 441-44n are configured so as to
selectively turn ON the transfer gates 411-41n for high
voltages or the transfer gates 421-42n for low voltages
according to a control signal CTL6 and image data sig-
nals that are input from data latches 451-45n to the D-A
converters 311-31n. The timing controlling section 401
outputs the control signals CTL1 and CTLS6.

[0074] In the liquid crystal display device thus config-
ured, image signal voltages corresponding to image data
are retained (written) in between the pixel electrodes
P11-Pmn and the opposing electrode 101 by the opera-
tion according to changes in the control signals as shown
in Figure 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.



17 EP 1 345 203 B1 18

Period T1

[0075] In this period, the pixel electrodes P11-P1n, for
example, are written in a similar manner to that described
in comparative example 1 (shown in Figure 2). More spe-
cifically, image signal voltages corresponding to image
data signals that are output from the data latches
451-45n are output from the D-A converters 311-31n. At
the same time, CTL1 becomes an H level, turning ON
the DAC-connecting transfer gates 321-32n, and conse-
quently, the image signal voltages are applied to the
source lines S1-Sn. At that time, the gate line G1 isdriven
to an H level, turning ON the pixel switches T11-T1n,
and the image signal voltages are applied to the pixel
electrodes P11-P1n and are retained in the liquid crystal
capacitance between each of the pixel electrodes P11-
P1n and the opposing electrode 101. Meanwhile, in this
period T1, CTL6 is at an L level. Accordingly, the AND
circuits 441ato 44na and 441b to 44nb of the switching-
controlling sections 441-44n output L-level signals re-
gardless of the image data signals that are output from
the data latches 451-45n, and consequently, both of the
transfer gates 411-41n for high voltages and the transfer
gates 421-42n for low voltages are turned OFF.

Period T2

[0076] Next,whenCTL1becomesanlLleveland 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 421-42n
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 ca-
pacitor element 431 for high voltages or the capacitor
element 432 for low voltages.

[0077] More specifically, in the example shown in Fig-
ure 8, the output from the data latch 451 is at an L level,
for example. Accordingly, the AND circuit 441a of the
switching-controlling section 441 outputs an L-level sig-
nal, turning OFF the transfer gate 411 for high voltages,
while the AND circuit 441b outputs an H-level signal, turn-
ing ON the transfer gate 421 for low voltages. Conse-
quently, the source line 81 is connected to the capacitor
element 432 for low voltages. At that time, the positive
charge stored in the capacitor element 432 for low volt-
ages is supplied to the source line $1, increasing the
potential of the source line $1 (symbol A in Figure 8).
[0078] Meanwhile, the output from the data latch 452
is atan H level, for example. Accordingly, the AND circuit
442a 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.
Consequently, the source line 82 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
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stored therein, and the potential of the source line S2 is
reduced (symbol B in Figure 8).

Period T3

[0079] Thereafter, when a latch signal, which is not
shown in the figure, is input into to the data latches
451-45n while CTL1 is maintained atan L leveland CTL6
at an H level, the image data signals for the pixels cor-
responding 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 311-31n, but they
do not affect the potentials of the source lines S1-Sn
since the DAC-connecting transfer gates 321-32n re-
main OFF.)

[0080] Accordingly, in the example shown in Figure 8,
for example, the signal latched by and output from the
data latch 451 is at an H level, the AND circuit 441a of
the switching-controlling section 441 outputs an H-level
signal, turning ON the transfer gate 411 for high voltages.
Meanwhile, the AND circuit 441b outputs an L-level sig-
nal, 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 Figure 8).

[0081] 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 sig-
nal, turning OFF the transfer gate 412 for high voltages,
while the AND circuit 442b outputs an H-level signal, turn-
ing ON the transfer gate 422 for low voltages. Conse-
quently, the source line 82 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 there-
in, and the potential of the source line S2 further reduces
(symbol D in Figure 8).

Period T4

[0082] 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-connect-
ing transfer gates 321-32n, and the image signal voltages
that are output from the D-A converters 311-31n are ap-
plied to the source lines $1-Sn.

[0083] More specifically, for example, the output from
the data latch 451 is at an H level, and accordingly, a
high voltage is applied to the source line $1 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 Figure 8), and therefore,
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it is sufficient that the D-A converter 311 supplies only
the electric charge that corresponds to the potential dif-
ference indicated by symbol E in Figure 8.

Period T5 onward

[0084] Thereafter, the same operation as in the above-
described periods T2 through T4 are repeated, and there-
by, the image signal voltages that are output from the D-
Aconverters 311-31n 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.

[0085] As in the above-described periods T2 and T5,
when the source lines $1-Sn are selectively connected
to the capacitor element 431 for high voltages or the ca-
pacitor element 432 for low voltages according to the
potentials of the source lines S1-Sn, in other words, ac-
cording 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 $1-Sn. More specifically, the electric charge
retained in the source lines $1-Sn that are at high po-
tentials is stored into the capacitor element 431 for high
voltages, and the potentials of the source lines $1-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 ap-
plied to the source lines $1-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
S$1-Sn to which low voltages are applied next is stored
into the capacitor element 432 for low voltages. Accord-
ingly, power consumption can be reduced by effectively
storing and utilizing the electric charge retained in the
source lines S1-Sn.

[0086] It should be noted that the above-described ex-
amplereferstoaliquid crystal display device that displays
binary level images, but could also refer to devices that
display multi-level images. If this is desired, the signal
thatis input to the switching-controlling sections 441-44n
may be a signal of the most significant bit (MSB) of the
image data. Itis 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 ca-
pacitor elements corresponding to each group. Accord-
ingly, the storing and supplying of an electric charge is
more efficiently carried out.
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[0087] The foregoing shows an example in which volt-
ages having the same polarity as that of the opposing
electrode 101 are applied to the pixel electrodes P11-
Pmn, butas in comparative example 1, is also applicable
to cases where line inversion drive is employed in which
the polarities 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 sim-
ilar 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:

+H=16V,
+L=9V,
-L=7V, and
-H=0V,

if a capacitor element 461 for +H, a capacitor element
462 for +L, a capacitor element 463 for -L, a capacitor
element 464 for -H, and transfer gates 471-474 are pro-
vided and the source lines $S1-Sn are connected to re-
ceive the foregoing voltages -H, -L, -L, and -H, respec-
tively, as shown in Figure 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 electrode, according to the same mecha-
nism as that described above.

[0088] Further, if a column inversion drive, in which
image signal voltages having opposite polarities are ap-
plied to the source lines $1-Sn adjacent to each other,
is employed, it is sufficient that the source lines $1-Sn
are connected to the corresponding capacitor elements
according to the polarity and whether the voltage is high
or low in a similar manner.

Embodiment 3

[0089] Embodiment 3 according to the present inven-
tion describes a liquid crystal panel driving device that is
capable of further reducing power consumption. This Em-
bodiment 3 also describes, as well as the foregoing com-
parative example 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 dis-
played.

[0090] Figure 10 is 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 Embodi-
ment 3.

[0091] The source driver 500 differs from the source
driver 400 of comparative example 2 in that it comprises
switching-controlling sections 541-54n in place of the
switching-controlling sections 441-44n and that it com-
prises datalatches 551-55n in addition to the data latches
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451-45n. The data latches §51-55n hold image data that
are input from the data latches 451-45n to the D-A con-
verters 311-31n next.

[0092] The switching-controlling sections 541-54n
comprises, as shown in Figure 11, for example, NOR
circuits 541a to 54na, latch circuits 541b 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 ac-
cording to the control signal CTL6 and the image data
signals that are input from the data latches 451-45n and
the data latches 551-55n. More specifically, 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.

[0093] In the liquid crystal display device thus config-
ured, image signal voltages corresponding to image data
are retained (written) in between the pixel electrodes
P11-Pmn and the opposing electrode 101 by the oper-
ation according to changes in the control signals shown
in Figure 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.

Period T1

[0094] In this period, the pixel electrodes P11-P1n, for
example, are written in a similar manner to those de-
scribed in Embodiments 1 and 2 (shown in Figures 2 and
8). Specifically, image signal voltages corresponding to
the image data signals that are output from the data latch-
es 451-45n are output from the D-A converters 311-31n,
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 $1-
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-
P1n and are retained in the liquid crystal capacitance
between each of the pixel electrodes P11-P1n and the
opposing electrode 101. Meanwhile, in this period T1,
CTL6 is at an L level. Accordingly, the AND circuits 541a
to 54na and 541b to 54nb of the switching-controlling
sections 541-54n output L-level signals regardless of the
image data signals that are output from the data latches
451-45n and the data latches 551-55n, and both the
transfer gates 411-41n for high voltages and the transfer
gates 421-42n for low voltages are turned OFF. There-
fore, none of the source lines $1-Sn is connected to the
capacitor element 431 or 432.

Period T2

[0095] Next,whenCTL1becomesanLleveland CTL6
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becomes an H level, the DAC-connecting transfer gates
321-32n 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 volt-
ages 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. Ac-
cordingly, the source lines $1-Sn are connected to either
the capacitor element 431 for high voltages or the ca-
pacitor element 432 for low voltages.

[0096] More specifically, in the example shown in Fig-
ure 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 inthe latch circuit 541b and is output therefrom
according to a latch signal, which is not shown in the
figure, the AND circuit 541¢ outputs an L-level signal,
turning OFF the 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 $1 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.

[0097] 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
542c 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. Con-
sequently, the source line S2 is connected to the capac-
itor element 431 for high voltages. At that time, the pos-
itive 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.
[0098] In other words, when the applied voltages
change from low voltages to high voltages, the source
lines $1-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 volt-
ages. When the applied voltages change from high volt-
ages to low voltages, the source lines S1-Sn are con-
nected to the capacitor element 431 for high voltages so
that the electric charge retained in the source lines $1-
Sn is stored in the capacitor element 431 for high volt-
ages. By contrast, when the voltages applied to the
source lines $1-Sn do not change (when the displayed
image does not have a "checkerboard"-like pattern), the
outputs from the NOR circuits 541a and so forth of the
switching-controlling sections 541-54n (i.e., 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
S$1-Sn are not connected to either of the capacitor ele-
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ment 431 or 432, and the voltages are maintained at the
same level. Therefore, for those source lines S1-Sn, an
unnecessary shift of electric charge does not occur, and
as a result, the efficiency in utilizing the electric charge
improves.

Period T3

[0099] Thereafter, when CTL1 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 451-45n
and the data latches 551-55n. Then, the image data sig-
nals that have been retained by the data latches 551-55n
for the pixels corresponding to the next gate line G2 are
latched by the data latches 451-45n and input into the
switching-controlling sections 541-54n. Then, the data
latches 551-55n latch the further nextimage data signals.
(It should be noted that the latch timing for the data latch-
es 551-55n is not necessarily the same timing as that for
the data latches 451-45n, but it may be other timing as
long as it is before the data latches 451-45n perform a
subsequent latch operation.)

[0100] Atthattime, inthe example shown in Figure 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 541d outputs
an L-level signal, turning OFF the transfer gate 421 for
low voltages. Consequently, the source line S1 is con-
nected to the capacitor element 431 for high voltages. At
that time, the positive charge stored in the capacitor el-
ement 431 for high voltages is supplied to the source line
S1, and the potential of the source line 81 is further in-
creased.

[0101] Meanwhile, the output from the data latch 452
becomes an L level. Accordingly, the AND circuit 542c
of the switching-controlling section 542 outputs an L-level
signal, turning OFF the transfer gate 412 for high voltag-
es, while the AND circuit 542d outputs an H-level signal,
turning ON the transfer gate 422 for low voltages. Con-
sequently, the source line S2 is connected to the capac-
itor element 432 for low voltages. Atthat time, the positive
chargeretained in the source line S$2 is shifted and stored
into the capacitor element 432 for low voltages, and the
potential of the source line 82 is further reduced.
[0102] Forthose source lines $1-Sn in which the volt-
ages to be applied next do not change from the previous
ones, the outputs from the latch circuits 541b-54nb are
maintained at an L level. Consequently, those source
lines are not connected to either of the capacitor element
431 or 432, and are maintained at the same voltage level.
As aresult, in those source lines $1-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,
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the electric charge is utilized more efficiently.
Period T4

[0103] 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-connect-
ing transfer gates 321-32n, and the image signal voltages
that are output from the D-A converters 311-31n are ap-
plied to the source lines S$1-Sn.

[0104] More specifically, for example, the output from
the data latch 451 is at an H level, and accordingly, a
high voltage is applied to the source line $1 and the pixel
electrode P21. Here, for example, the potential of the
source line 81 has already been increased in the periods
T2 and T3, as described above, and therefore, it is suf-
ficient that the D-A converter 311 supplies only the elec-
tric charge that corresponds to the potential difference
between the increased potential and the potential of the
output from the D-A converter 311. Moreover, as de-
scribed above, those source lines S1-Sn in which the
voltages to be applied next do not change from the pre-
vious ones are not connected to either the capacitor el-
ement 431 or 432 in the periods T2 and T3, and the volt-
ages retained therein do not change. Therefore, even
when the same voltages are applied from the D-A con-
verters 311-31n to the source lines $1-Sn, there is little
current flow, and power is not consumed.

Period T5 onward

[0105] Thereafter, the same operation as in the above-
described periods T2 through T4 are repeated, and there-
by, the image signal voltages that are output from the D-
Aconverters 311-31n 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.

[0106] 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 elec-
tric charge can be stored thereto and supplied therefrom
without causing an unnecessary shift of electric charge
between the source lines §1-Sn or between the source
lines $1-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
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the source lines $1-Sn next. As a consequence, an elec-
tric 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 re-
tained inthe source lines $1-Sn is more effectively stored
and utilized so that power consumption can be reduced.
Furthermore, those source lines $1-Sn in which the ap-
plied 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 311-31n, there is
little current flow, and power is not consumed.

[0107] It 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 dis-
play devices of line inversion type or of column inversion
drivetype, as described in comparative example 2 above.
[0108] Furthermore, the circuit configuration is not lim-
ited to that described above. For example, as shown in
Figure 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 configura-
tion is possible, for example, if the values retained by the
data latches 451-45n and the data latches 551-55n are
refreshed before the period T2 and only the values re-
tained by the data latches 451-45n are refreshed at the
period T3.

comparative example 4

[0109] Figure 14 is 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 Embodi-
ment 4.

[0110] The source driver 600 has a similar configura-
tion to that of comparative example 2 (shown in Figure
6). However, no capacitor elements are provided, and
the source lines $1-Sn are merely connected to each
other through either first transfer gates 611-61n or sec-
ond transfer gates 621-62n, and through either a source
line-connecting line 610 or a source line-connecting line
620. The source lines $1-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, forexample
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, 63n, ... 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 spe-
cifically, as shown in Figure 15, for example, the pixel
electrodes P11-P1n are written in the period T1, as in
comparative example 1 etc. Thereafter, in the period T2,
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for the first group, when the outputs from the data latches
451, ... and so forth are at an L level, the first transfer
gates 611, ... and so forth are turned OFF while the sec-
ond transfer gates 621, ... and so forth are turned ON.
Meanwhile, for the second group, when the outputs from
the data latches 45n, ... and so forth are at an L level,
the first transfer gates 61n, ... and so forth are turned ON
while the second transfer gates 62n, ... and so forth are
turned OFF.

[0111] This configuration is explained assuming that
one display line has 10 pixels, for example, as shown in
Figure 16. Inthe period T2, the source line(s) correspond-
ing 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) corresponding 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 pe-
riod T1 and the source line(s) corresponding to, among
the five pixels on the right, the pixel(s) to which low volt-
ages are applied, are short-circuited together. Thus, the
electric charge retained in source lines is averaged in the
source lines that are connected to each other. Now as-
sume 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 ap-
plied. In both periods T1 and T3, the electric charge re-
tained 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 pe-
riod 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 Figure
16, power consumption can be reduced likewise in com-
parison with the case where all the source lines are short-
circuited.

[0112] In this case, depending on display patterns,
power consumption may not always reduced by grouping
the source lines in the above-described manner. How-
ever, as shownin Figure 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 im-
ages, the present comparative example is effective in
reducing power consumption. Moreover, because ca-
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pacitor elements are unnecessary, the circuit scale can
be suppressed. Furthermore, it is sufficient that the first
transfer gates 611-61n 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 nec-
essary to display one frame.

[0113] 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 ex-
ample is not meant to limit the comparative example. 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.

[0114] Further, the foregoing has described an exam-
ple in which some of the switching-controlling sections
44n-1, 44n, ... and so forth are supplied with the signals
inverted by the NOT circuits 63n-1, 63n, ... and so forth,
but this is not meant to limit the comparative example
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.

[0115] In the present comparative example 4 as well,
three or more source line-connecting lines 610 etc. may
be provided so that the liquid crystal display device is
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 volt-
ages that are previously or subsequently applied to the
source lines $1-Sn, not according to whether the voltag-
es are the same or not.

comparative example 5

[0116] Figure 17 is 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 compara-
tive example 5.

[0117] In the source driver 700, the source lines $1-
Sn are connected to each other through the source line-
connecting transfer gates 711-71n and the source line-
connecting line 710. The source line-connecting transfer
gates 711-71n are controlled by the switching-controlling
sections 721-72n, respectively. The switching-control-
ling sections 721-72n comprise, as shown in Figure 18,
NOR circuits 721a-72na and AND circuits 721b-72nb.
The switching-controlling sections 721-72n turn ON the
source line-connecting transfer gates 711-71n when
CTL6 is at an H level and the outputs from the data latch-
es 451-45n are different from the outputs from the data
latches 551-55n, that is, only when the voltages applied
to the source lines $1-Sn change.
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[0118] With the above-described configuration, for
those source lines $1-Sn in which voltages previously
and subsequently applied for writing do not change, the
switching-controlling sections 721-72n output an L-level
signal, turning OFF the source line-connecting transfer
gates 711-71n. As a consequence, an unnecessary shift
of electric charge does not occur between the foregoing
source lines $1-Sn and other source lines S1-Sn, and
the same level of the voltage retained therein is applied
from the D-A converters 311-31n. Thus, there is little
current flow, and power is not consumed. By contrast,
for those source lines $1-Sn in which the applied voltag-
es change, the switching-controlling sections 721-72n
output an H-level signal, turning ON the source line-con-
necting transfer gates 711-71n, so the source lines are
connected to each otherthrough the source line-connect-
ing line 710. Consequently, a shift of electric charge oc-
curs from those source lines S1-Sn with high voltages to
those source lines $1-Sn with low voltages, that is, to
those source lines S1-Sn to which high voltages are ap-
plied next. Thus, it is possible to reduce the current that
flows from the power supply when high voltages are ap-
plied, and consequently, power consumption is sup-
pressed. Moreover, capacitor elements are unnecessary
as in comparative example 4 above, so the circuit scale
is reduced likewise. Furthermore, it is sufficient that the
source line-connecting transfer gates 711-71n are main-
tained to be in a single switching state while CTL1 is at
L level, and this makes it easy to shorten the period of
time necessary to display one frame.

[0119] In the present comparative example 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 dif-
ference between the voltages applied previously and
subsequently to the source lines S1-Sn.

[0120] Asdescribedabove, whenallthose source lines
$1-Snin which the applied voltages change are connect-
ed to each other, the potentials of those source lines $1-
Sn can be easily brought to averaged potentials, but this
is not meant to limit the comparative example. For ex-
ample, a source driver 800 as shown in Figure 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 800, the
transfer gates 611-61n and 621-62n for connecting the
source lines $1-Sn to the source line-connecting line 610
or 620, which are similar to the foregoing comparative
example 4 (shown in Figure 14), are controlled by the
switching-controlling sections 541-54n, which are similar
to the foregoing Embodiment 3 (shown in Figure 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, 55n-1, ... and so forth that are inverted by the
NOT circuits 63n-1, ... and so forth. Thus, as seen from
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Figure 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 con-
sequence, voltages are averaged between the connect-
ed source lines, and the current flowing through those
source lines to which high voltages are applied next can
be reduced.

[0121] As has been described thus far, in one compar-
ative example the source lines are connected to a ca-
pacitor element and thereafter to an opposing electrode.
In another embodiment, capacitor elements connected
to the 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 comparative example, the source lines
are selectively connected to each other according to im-
age data signals or according to change between a pre-
vious image data signal and a subsequent image data
signal. Thus, power consumption can be significantly re-
duced easily. Moreover, the time required for storing and
supplying an electric charge can be shortened, and fur-
ther, the circuit scale can be reduced.

[0122] The embodiment disclosed in this application
is 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 descrip-
tion, and all changes which come within the meaning and
range of equivalency of the claims are intended to be
embraced therein.

Claims

1. Aliquid crystal panel driving device for a liquid crystal
display device comprising source lines (S1-Sn), pixel
switches (T11-Tmn), pixel electrodes (P11-Pmn)
connected to the source lines (S1-Sn) through the
pixel switches (T11-Tmn), and an opposing elec-
trode (101) opposed to the pixel electrodes (P11-
Pmn), the liquid crystal panel driving device selec-
tively applying voltages to the pixel electrodes (P11-
Pmn) through the source lines (S1-Sn), whereas the
voltages correspond to image data;
the liquid crystal panel driving device further com-
prising:

a plurality of charge-storing means (431, 432)
for storing an electric charge of the source lines
(S1-Sn); and

charge-storing means-connecting means
(411-41n, 421-42n) for connecting and discon-
necting the source lines (S1-Sn) and the plurality
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of charge-storing means (431, 432);
characterized by

controlling means (401, 441-44n) for controlling
the charge-storing means-connecting means
(411-41n, 421-42n) based on voltages applied
to a first row of pixel electrodes in a first period
and voltages applied to a second row of pixel
electrodes, that is subsequent to the first row, in
a second period;

the controlling means (401, 441-44n) is further
adapted to control the charge-storing means-
connecting means (411-41n, 421-42n) such
that,

after applying the voltages to the first row of pixel
electrodes in the first period but before applying
the voltages to the second row of the pixel elec-
trodes in the second period,

the source lines whose applied voltages change
from second voltages in the first period to first
voltages in the second period are connected to
a charge-storing means of the plurality of
charge-storing means for storing an electric
charge corresponding to the second voltages,
wherein the first voltages are higher than the
second voltages,

the source lines whose applied voltages change
from first voltages in the first period to second
voltages in the second period are connected to
a charge-storing means of the plurality of
charge-storing means for storing an electric
charge corresponding to the first voltages, and
a source line is connected to one of the charge-
storing means only when the voltage difference
between the voltage applied to the respective
source line in the first period and the voltage
applied to the respective source line in the sec-
ond period is greater or equal than a predeter-
mined difference,

and thereafter:

the source lines whose applied voltages change
from second voltages in the first period to first
voltages in the second period are connected to
the charge-storing means for storing an electric
charge corresponding to the first voltages,

the source lines whose applied voltages change
from first voltages in the first period to second
voltages in the second period are connected to
the charge-storing means for storing an electric
charge corresponding to the second voltages,
and

a source line is connected to one of the charge-
storing means when the voltage difference be-
tween the voltage applied to the respective
source line in the first period and the voltage
applied to the respective source line in the sec-
ond period is greater or equal than the prede-
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termined difference.

Patentanspriiche

1.

Flussigkristallbildschirm-Ansteuervorrichtung flr ei-
ne Flussigkristall-Anzeigevorrichtung, die Source-
Leitungen (S1-Sn), Pixel-Schalter (T11-Tmn), Pixel-
Elektroden (P11-Pmn), die mit den Source-Leitun-
gen (S1-Sn) lber die Pixel-Schalter (T11-Tmn) ver-
bunden sind, und eine gegeniberliegende Elektrode
(101) umfasst, die den Pixel-Elektroden (P11-Pmn)
gegenuberliegt, wobei die Flussigkristallbildschirm-
Ansteuervorrichtung Uber die Source-Leitungen
(S1-Sn) selektiv Spannungen an die Pixel-Elektro-
den (P11-Pmn) anlegt und die Spannungen Bildda-
ten entsprechen;

wobei die Flussigkristallbildschirm-Ansteuervorrich-
tung des Weiteren umfasst:

eine Vielzahl von Ladungsspeichereinrichtun-
gen (431, 432) zum Speichern einer elektri-
schen Ladung der Source-Leitungen (S1-Sn);
und

Einrichtungen (411-41n, 421-42n) zum Verbin-
den der Ladungsspeichereinrichtungen, mit de-
nen die Source-Leitungen (S1-Sn) und die Viel-
zahl von Ladungsspeichereinrichtungen (431,
432) verbunden und getrennt werden;
gekennzeichnet durch

Steuereinrichtungen (401, 441-44n), mit denen
die Einrichtungen (411-41n, 421-42n) zum Ver-
binden der Ladungsspeichereinrichtungen auf
Basis von Spannungen, die in einer ersten Pe-
riode an eine erste Reihe von Pixel-Elektroden
angelegt werden, und von Spannungen gesteu-
ert werden, die in einer zweiten Periode an eine
zweite Reihe von Pixel-Elektroden angelegt
werden, die auf die erste Reihe folgt;

wobei die Steuereinrichtungen (401, 441-44n)
des Weiteren so eingerichtet sind, dass sie die
Einrichtungen (411-41n, 421-42n) zum Verbin-
den der Ladungsspeichereinrichtungen so steu-
ern, dass

nach Anlegen der Spannungen an die erste Rei-
he von Pixel-Elektroden in der ersten Periode,
jedoch vor Anlegen der Spannungen an die
zweite Reihe der Pixel-Elektrodenin der zweiten
Periode die Source-Leitungen, deren angelegte
Spannungen sich von zweiten Spannungen in
der ersten Periode zu ersten Spannungen in der
zweiten Periode andern, mit einer Ladungsspei-
chereinrichtung der Vielzahl von Ladungsspei-
chereinrichtungen verbunden werden, um eine
elektrische Ladung zu speichern, die den zwei-
ten Spannungen entspricht, wobei die ersten
Spannungen héher sind als die zweiten Span-
nungen,
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die Source-Leitungen, deren angelegte Span-
nungen sich von den ersten Spannungen in der
ersten Periode zu zweiten Spannungen in der
zweiten Periode &ndern, mit einer Ladungsspei-
chereinrichtung der Vielzahl von Ladungsspei-
chereinrichtungen verbunden werden, um eine
elektrische Ladung zu speichern, die den ersten
Spannungen entspricht, und

eine Source-Leitung nur dann mit einer der La-
dungsspeichereinrichtungen verbunden wird,
wenn die Spannungsdifferenz zwischen der in
der ersten Periode an die jeweilige Source-Lei-
tung angelegten Spannung und der in der zwei-
ten Periode an die jeweilige Source-Leitung an-
gelegten Spannung grofRer ist als oder genauso
grof’ wie eine vorgegebene Differenz,

und anschlieend

die Source-Leitungen, deren angelegte Span-
nungen sich von zweiten Spannungen in der er-
sten Periode zu ersten Spannungen in der zwei-
ten Periode andern, mit der Ladungsspeicher-
einrichtung verbunden werden, um eine elektri-
sche Ladung zu speichern, die den ersten Span-
nungen entspricht,

die Source-Leitungen, deren angelegte Span-
nungen sich von ersten Spannungen in der er-
sten Periode zu zweiten Spannungen in der
zweiten Periode dndern, mit der Ladungsspei-
chereinrichtung verbunden werden, um eine
elektrische Ladung zu speichern, die den zwei-
ten Spannungen entspricht, und

eine Source-Leitung mit einer der Ladungsspei-
chereinrichtungen verbunden wird, wenn die
Spannungsdifferenz zwischen der in der ersten
Periode an die jeweilige Source-Leitung ange-
legten Spannung und der in der zweiten Periode
an die jeweilige Source-Leitung angelegten
Spannung grofer ist als oder genauso grol} wie
die vorgegebene Differenz.

Revendications

Dispositif d’excitation de panneau a cristaux liquides
pour un dispositif d’affichage a cristaux liquides com-
prenant des lignes sources (S1-Sn), des commuta-
teurs de pixels (T11-Tmn), des électrodes de pixels
(P11-Pmn) reliées aux lignes sources (S1-Sn) a tra-
vers les commutateurs de pixels (T11-Tmn), et une
électrode en opposition (101) opposée aux électro-
des de pixels (P11-Pmn), le dispositif d’excitation de
panneau a cristaux liquides appliquant sélective-
ment des tensions aux électrodes de pixels (P11-
Pmn) a travers les lignes sources (S1-Sn), ou les
tensions correspondent a des données d’images;
le dispositif d’excitation de panneau a cristaux liqui-
des comprenant en plus :
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une pluralité de moyens (431, 432) de stockage
de charge pour stocker une charge électrique
des lignes sources (S1-Sn); et

des moyens (411- 41n, 421-42n) de connexion
des moyens de stockage de.charge pour con-
necter et déconnecter les lignes sources (S1-
Sn) et la pluralité de moyens (431, 432) de stoc-
kage de charge;

caractérisé par

un moyen de commande (401, 441-44n) pour
commander les moyens (411-41n, 421-42n) de
connexion des moyens de stockage de charge
sur la base de tensions appliquées a une pre-
miére rangée d’électrodes de pixels dans une
premiére période et des tensions appliquées a
une deuxieme rangée d’électrodes de pixels, qui
suit la premiere rangée, dans une deuxiéme pé-
riode;

le moyen de commande (401, 441-44n) est en
plus adapté pour commander les moyens
(411-41n, 421-42n) de connexion des moyens
de stockage de charge de maniére a ce que,
aprés l'application des tensions a la premiére
rangée d’électrodes de pixels dans la premiéere
période mais avant I'application des tensions a
la deuxiéme rangée d’électrodes de pixels dans
la deuxiéme période, les lignes sources dont les
tensions appliquées changent de deuxiémes
tensions dans la premiére période a des premiée-
res tensions dans la deuxiéme période sont con-
nectées a un moyen de stockage de charge de
la pluralité de moyens de stockage de charge
afin de stocker une charge électrique correspon-
dant aux deuxiémes tensions, ou les premieres
tensions sont plus élevées que les deuxiemes
tensions,

les lignes sources dont les tensions appliquées
changent de premiéres tensions dans la premié-
re période a des deuxiémes tensions dans la
deuxiéme période sont connectées a un moyen
de stockage de charge de la pluralité de moyens
de stockage de charge pour stocker une charge
électrique correspondant aux premiéres ten-
sions, et

une ligne source est connectée a l'un des
moyens de stockage de charge seulement lors-
que la différence de tensions entre la tension
appliquée a la ligne source respective dans la
premiére période et la tension appliquée a la
ligne source respective dans la deuxieme pério-
de est supérieure ou égale a une différence pré-
déterminée,

et par la suite :

les lignes sources dont les tensions appliquées
changent de deuxiemes tensions dans la pre-
miére période a des premiéres tensions dans la

15

20

25

30

35

40

45

50

55

18

34

deuxiéme période sont connectées au moyen
de stockage de charge pour stocker une charge
électrique correspondant aux premiéres ten-
sions,

les lignes sources dont les tensions appliquées
changent de premiéres tensions dans la premié-
re période a des deuxiemes tensions dans la
deuxiéme période sont connectées au moyen
de stockage de charge pour stocker une charge
électriqgue correspondant aux deuxiemes ten-
sions, et

une ligne source est connectée a l'un des
moyens de stockage de charge lorsque la diffé-
rence de tension entre la tension appliquée ala
ligne source respective dans la premiére pério-
de et la tension appliquée a la ligne source res-
pective dans la deuxiéme période est supérieu-
re ou égale a la différence prédéterminée.
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