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DISPLAY PANEL, LIQUID CRYSTAL
DISPLAY, AND DRIVING METHOD

TECHNICAL FIELD

[0001] The present invention relates to a display panel that
displays an image by using liquid crystals, and also relates to
a liquid crystal display device including such a display panel.

BACKGROUND ART

[0002] Conventionally, image display devices for display-
ing images have been classified broadly into impulse-type
image display devices such as CRT (cathode-ray tubes) and
hold-type image display devices such as liquid crystal display
devices.

[0003] Inanimpulse-type image display device, a lighting
period during which an image is displayed and an extinction
period during which no image is displayed are alternately
repeated. In a typical hold-type image display device, on the
other hand, no extinction period is provided.

[0004] Therefore, the hold-type image display devices are
more likely to suffer from blurring of moving images than the
impulse-type image display devices.

[0005] A reason for this is for example as follows:
Although, in changing from displaying one frame to display-
ing the next frame, a hold-type image display device displays
an moving object as if the moving object were staying in one
position, the observer transfers his/her gaze on the screen in
chase of the moving object even in a period of time during
which the moving object is being displayed as if it were
staying in one position; therefore, the contours of the moving
object appear to be blurred.

[0006] Patent Literature 1 discloses an image display
device which divides one frame period into two subframes,
namely a first-half subframe and a second-half subframe, and
which supplies the two subframes with image signals having
different gray-scale levels. According to the technology
described in Patent Literature 1, such the phenomenon of
blurring of moving images can be suppressed by making the
brightness of an image in the first-half subframe and the
brightness of an image in the second-half subframe different.

CITATION LIST
Patent Literature 1

[0007] Japanese Patent Application Publication, Tokukai,
No. 2005-173573 (Jun. 30, 2005)

SUMMARY OF INVENTION
Technical Problem

[0008] However, the technology described in Patent Litera-
ture 1 requires a frame memory in which to temporarily store
the input image signals, thus undesirably bringing about
increase in manufacturing cost. Moreover, the technology
described in Patent Literature 1 requires access to the frame
memory every time a frame is displayed, thus undesirably
bringing about increase in power consumption.

[0009] The present invention has been made in view of the
foregoing problems, and it is an object of the present inven-
tion to realize a display panel capable of suppressing the

Sep. 27,2012

phenomenon of blurring of moving images while suppressing
increase in manufacturing cost and in power consumption.

Solution to Problem

[0010] In order to solve the foregoing problems, a display
panel according to the present invention is a display panel
including: a plurality of gate bus lines; a plurality of source
bus lines; a plurality of auxiliary capacitor bus lines; a tran-
sistor including a gate connected to a given gate bus line of the
plurality of gate bus lines and a source connected to a given
source bus line of the plurality of source bus lines; a pixel
electrode connected to a drain of the transistor; a capacitor,
one end of which is connected to the drain of the transistor in
parallel with the pixel electrode, and the other end of which is
connected to a given auxiliary capacitor bus line of the plu-
rality of auxiliary capacitor bus lines; a source driver, con-
nected to one end of each of the plurality of source bus lines,
which supplies the given source bus line with a source signal;
a gate driver, connected to one end of each of the plurality of
gate bus lines, which sequentially supplies the given gate bus
line with a conducting signal that renders the transistor con-
ducting; a counter electrode opposed to the pixel electrode via
a liquid crystal; a counter electrode wire connected to the
counter electrode; and a counter electrode driver, which sup-
plies the counter electrode wire with a common potential, the
display panel including an auxiliary capacitor driver which,
in a single scanning period from a point in time where the gate
driver supplies the given gate bus line with the conducting
signal to a point in time where the gate driver supplies the
conducting signal next, supplies the given auxiliary capacitor
bus line with a rectangular voltage signal in synchronization
with the conducting signal, the rectangular voltage signal
being composed of at least a first voltage level and a second
voltage level that is different from the first voltage level, in the
single scanning period, a period of time during which the
rectangular voltage signal is at the first voltage level and a
period of time during which the rectangular voltage signal is
at the second voltage level being each longer than a response
time of the liquid crystal.

[0011] Although, in changing from displaying one frame to
displaying the next frame, a hold-type image display device
such as a liquid crystal display device displays an moving
object as if the moving object were staying in one position, the
observer transfers his/her gaze on the screen in chase of the
moving object even in a period of time during which the
moving object is being displayed as if it were staying in one
position; therefore, there occurs a phenomenon of blurring of
moving images where the contours of the moving object
appear to be blurred.

[0012] Asdescribed above, adisplay panel according to the
present invention is a display panel including: a plurality of
gate bus lines; a plurality of source bus lines; a plurality of
auxiliary capacitor bus lines; a transistor including a gate
connected to a given gate bus line of the plurality of gate bus
lines and a source connected to a given source bus line of the
plurality of source bus lines; a pixel electrode connected to a
drain of the transistor; a capacitor, one end of which is con-
nected to the drain of the transistor in parallel with the pixel
electrode, and the other end of which is connected to a given
auxiliary capacitor bus line of the plurality of auxiliary
capacitor bus lines; a source driver, connected to one end of
each of the plurality of source bus lines, which supplies the
given source bus line with a source signal; a gate driver,
connected to one end of each of the plurality of gate bus lines,
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which sequentially supplies the given gate bus line with a
conducting signal that renders the transistor conducting; a
counter electrode opposed to the pixel electrode via a liquid
crystal layer; a counter electrode wire connected to the
counter electrode; and a counter electrode driver, which sup-
plies the counter electrode wire with a common potential, the
display panel including an auxiliary capacitor driver which,
in a single scanning period from a point in time where the gate
driver supplies the given gate bus line with the conducting
signal to a point in time where the gate driver supplies the
conducting signal next, supplies the given auxiliary capacitor
bus line with a rectangular voltage signal in synchronization
with the conducting signal, the rectangular voltage signal
being composed of at least a first voltage level and a second
voltage level that is different from the first voltage level.
Therefore, in a single scanning period from a point in time
where the gate driver supplies the given gate bus line with the
conducting signal to a point in time where the gate driver
supplies the conducting signal next, a first voltage level and a
second voltage level that is different from the first voltage
level can be applied to the pixel electrode connected via the
transistor to the given gate bus line.

[0013] Further, in the display panel according to the present
invention, in the single scanning period, a period of time
during which the rectangular voltage signal is at the first
voltage level and a period of time during which the rectangu-
lar voltage signal is at the second voltage level are each longer
than a response time of the liquid crystal. The response time
of the liquid crystal here means the amount of time required
for the orientation of the liquid crystal to start to change after
application of an electric field to the liquid crystal. Generally,
the amount of time required is 1 ms or more.

[0014] Therefore, the foregoing configuration can cause
the brightness of an image in the pixel region in which the
pixel electrode has been formed to switch between two values
in the single scanning period.

[0015] This brings about an effect of making it possible to
suppress the phenomenon of blurring of moving images.
[0016] Further, the auxiliary capacitor driver of the display
panel according to the present invention can supply, in syn-
chronization with the conducting signal, the rectangular volt-
age signal composed of the first voltage level and the second
voltage level. Therefore, the voltage level of the rectangular
voltage signal changes after a certain period of time has
elapsed since the conducting signal was supplied.

[0017] Therefore, unlike in a case where a voltage signal is
supplied out of synchronization with the conducting signal,
the switching between bright and dark can be carried out in
every pixel region on the screen after a certain period of time
has elapsed since an update of image data.

[0018] Further, in the display panel according to the present
invention, the blurring of moving images can be suppressed
without using a frame memory in which to temporarily store
image signals. Therefore, as compared with a conventional
configuration that uses a frame memory in which to tempo-
rarily store image signals, the display panel according to the
present invention brings about an effect of making it possible
to reduce manufacturing cost. Further, as compared with a
conventional configuration that uses a frame memory in
which to temporarily store image signals, the display panel
according to the present invention brings about an effect of
making it possible to reduce power consumption.

[0019] Further, a driving method according to the present
invention is a method for driving a display panel including: a
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plurality of gate bus lines; a plurality of source bus lines; a
plurality of auxiliary capacitor bus lines; a transistor includ-
ing a gate connected to a given gate bus line of the plurality of
gate bus lines and a source connected to a given source bus
line of the plurality of source bus lines; a pixel electrode
connected to a drain of the transistor; a capacitor, one end of
which is connected to the drain of the transistor in parallel
with the pixel electrode, and the other end of which is con-
nected to a given auxiliary capacitor bus line of the plurality
of auxiliary capacitor bus lines; a source driver, connected to
one end of each of the plurality of source bus lines, which
supplies the given source bus line with a source signal; a gate
driver, connected to one end of each of the plurality of gate
bus lines, which sequentially supplies the given gate bus line
with a conducting signal that renders the transistor conduct-
ing; a counter electrode opposed to the pixel electrode via a
liquid crystal; a counter electrode wire connected to the
counter electrode; and a counter electrode driver, which sup-
plies the counter electrode wire with a common potential, the
method including a voltage signal supplying step of, in a
single scanning period from a point in time where the gate
driver supplies the given gate bus line with the conducting
signal to a point in time where the gate driver supplies the
conducting signal next, supplying the given auxiliary capaci-
tor bus line with a rectangular voltage signal in synchroniza-
tion with the conducting signal, the rectangular voltage signal
being composed of at least a first voltage level and a second
voltage level that is different from the first voltage level, in the
single scanning period, a period of time during which the
rectangular voltage signal is at the first voltage level and a
period of time during which the rectangular voltage signal is
at the second voltage level being each longer than a response
time of the liquid crystal.

[0020] The foregoing method brings about the same effects
as the foregoing display panel according to the present inven-
tion.

Advantageous Effects of Invention

[0021] As described above, adisplay panel according to the
present invention is a display panel including: a plurality of
gate bus lines; a plurality of source bus lines; a plurality of
auxiliary capacitor bus lines; a transistor including a gate
connected to a given gate bus line of the plurality of gate bus
lines and a source connected to a given source bus line of the
plurality of source bus lines; a pixel electrode connected to a
drain of the transistor; a capacitor, one end of which is con-
nected to the drain of the transistor in parallel with the pixel
electrode, and the other end of which is connected to a given
auxiliary capacitor bus line of the plurality of auxiliary
capacitor bus lines; a source driver, connected to one end of
each of the plurality of source bus lines, which supplies the
given source bus line with a source signal; a gate driver,
connected to one end of each of the plurality of gate bus lines,
which sequentially supplies the given gate bus line with a
conducting signal that renders the transistor conducting; a
counter electrode opposed to the pixel electrode via a liquid
crystal; a counter electrode wire connected to the counter
electrode; and a counter electrode driver, which supplies the
counter electrode wire with a common potential, the display
panel including an auxiliary capacitor driver which, in a
single scanning period from a point in time where the gate
driver supplies the given gate bus line with the conducting
signal to a point in time where the gate driver supplies the
conducting signal next, supplies the given auxiliary capacitor
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bus line with a rectangular voltage signal in synchronization
with the conducting signal, the rectangular voltage signal
being composed of at least a first voltage level and a second
voltage level that is different from the first voltage level, in the
single scanning period, a period of time during which the
rectangular voltage signal is at the first voltage level and a
period of time during which the rectangular voltage signal is
at the second voltage level being each longer than a response
time of the liquid crystal.

[0022] Therefore, in the display panel according to the
present invention, the blurring of moving images can be sup-
pressed without using a frame memory in which to tempo-
rarily store image signals. Therefore, as compared with a
conventional configuration that uses a frame memory in
which to temporarily store image signals, manufacturing cost
can be reduced. Further, as compared with a conventional
configuration that uses a frame memory in which to tempo-
rarily store image signals, power consumption can be
reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG.1isablock diagram showing a configuration of
a display panel according to a first embodiment of the present
invention.

[0024] FIG. 2 is a circuit diagram showing a configuration
of a pixel region of the display panel according to the first
embodiment of the present invention.

[0025] FIG. 3 serves to explain a first example of operation
of the display panel according to the first embodiment of the
present invention, (a) being a timing chart showing a wave-
form of a source signal corresponding to a high tone, (b) being
a timing chart showing a waveform of a gate signal, (¢) being
a timing chart showing a common potential and a potential of
a pixel electrode, (d) being a timing chart showing a wave-
form of an auxiliary capacitor signal.

[0026] FIG. 4 serves to explain the first example of opera-
tion of the display panel according to the first embodiment of
the present invention, (a) being a timing chart showing a
waveform of a source signal corresponding to a low tone, (b)
being a timing chart showing a waveform of a gate signal, (c)
being a timing chart showing a common potential and a
potential of a pixel electrode, (d) being a timing chart showing
a waveform of an auxiliary capacitor signal.

[0027] FIG. 5 serves to explain a second example of opera-
tion of the display panel according to the first embodiment of
the present invention, (a) being a timing chart showing a
waveform of a source signal corresponding to a high tone, (b)
being a timing chart showing a waveform of a gate signal, (c)
being a timing chart showing a common potential and a
potential of a pixel electrode, (d) being a timing chart showing
a waveform of an auxiliary capacitor signal.

[0028] FIG. 6 serves to explain the second example of
operation of the display panel according to the first embodi-
ment of the present invention, (a) being a timing chart show-
ing a waveform of a source signal corresponding to a low
tone, (b) being a timing chart showing a waveform of a gate
signal, (¢) being a timing chart showing a common potential
and a potential of a pixel electrode, (d) being a timing chart
showing a waveform of an auxiliary capacitor signal.

[0029] FIG. 7 serves to explain a third example of operation
of the display panel according to the first embodiment of the
present invention, (a) being a timing chart showing a wave-
form of a source signal corresponding to a high tone, (b) being
a timing chart showing a waveform of a gate signal, (¢) being
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a timing chart showing a common potential and a potential of
a pixel electrode, (d) being a timing chart showing a wave-
form of an auxiliary capacitor signal.

[0030] FIG. 8 serves to explain the third example of opera-
tion of the display panel according to the first embodiment of
the present invention, (a) being a timing chart showing a
waveform of a source signal corresponding to a low tone, (b)
being a timing chart showing a waveform of a gate signal, (c)
being a timing chart showing a common potential and a
potential of a pixel electrode, (d) being a timing chart showing
a waveform of an auxiliary capacitor signal.

[0031] FIG. 9 serves to explain a fourth example of opera-
tion of the display panel according to the first embodiment of
the present invention, (a) being a timing chart showing a
waveform of a source signal, (b) being a timing chart showing
awaveform of a gate signal, (¢) being a timing chart showing
a common potential and a potential of a pixel electrode, (d)
being a timing chart showing a waveform of an auxiliary
capacitor signal.

[0032] FIG. 10 serves to explain a fifth example of opera-
tion of the display panel according to the first embodiment of
the present invention, (a) being a timing chart showing a
waveform of a source signal, (b) being a timing chart showing
a waveform of a gate signal, (¢) being a timing chart showing
a common potential and a potential of a pixel electrode, (d)
being a timing chart showing a waveform of an auxiliary
capacitor signal.

[0033] FIG. 11 serves to explain a sixth example of opera-
tion of the display panel according to the first embodiment of
the present invention, (a) being a timing chart showing a
waveform of a source signal, (b) being a timing chart showing
a waveform of a gate signal, (¢) being a timing chart showing
a common potential and a potential of a pixel electrode, (d)
being a timing chart showing a waveform of an auxiliary
capacitor signal.

[0034] FIG. 12 serves to explain an example of operation of
the display panel according to the first embodiment of the
present invention, (a) being a timing chart showing wave-
forms of gate signals, (b) being a timing chart showing
examples of waveforms of auxiliary capacitor signals, (c)
being a timing chart showing other examples of waveforms of
auxiliary capacitor signals.

[0035] FIG. 13 serves to explain a seventh example of
operation of the display panel according to the first embodi-
ment of the present invention, (a) being a timing chart show-
ing waveforms of gate signals, (b) being a timing chart show-
ing waveforms of auxiliary capacitor signals.

[0036] FIG. 14 serves to explain an example of operation of
the display panel according to the first embodiment of the
present invention, (a) being a timing chart showing a wave-
form of a gate signal, (b) being a timing chart showing a
common potential and a potential of a pixel electrode, (c)
being a timing chart showing a waveform of an auxiliary
capacitor signal having a duty ratio.

[0037] FIG. 15 serves to explain an example of operation of
the display panel according to the first embodiment of the
present invention, (a) being a timing chart showing a wave-
form of a gate signal, (b) being a timing chart showing a
common potential and a potential of a pixel electrode, (c)
being a timing chart showing a waveform of an auxiliary
capacitor signal having another duty ratio.
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[0038] FIG. 16, which serves to explain an effect of the
display panel according to the first embodiment of the present
invention, is a graph representing a relationship between duty
ratio and brightness.

[0039] FIG. 17, which serves to explain an effect of the
display panel according to the first embodiment of the present
invention, is a graph representing a relationship between duty
ratio and visibility.

[0040] FIG. 18 serves to explain an example of operation of
the display panel according to the first embodiment of the
present invention, (a) being a timing chart showing a wave-
form of a gate signal, (b) being a timing chart showing a
common potential and an example of a potential of a pixel
electrode, (c) being a timing chart showing an example of a
waveform of an auxiliary capacitor signal, (d) being a timing
chart showing a common potential and another example of a
potential of a pixel electrode, (e) being a timing chart showing
another example of a waveform of an auxiliary capacitor
signal.

[0041] FIG. 19 is a block diagram showing a configuration
of'an auxiliary capacitor driver in the display panel according
to the first embodiment of the present invention.

[0042] FIG. 20 is a block diagram showing a configuration
of a display panel according to a second embodiment of the
present invention.

[0043] FIG. 21 serves to explain an example of operation of
the display panel according to the second embodiment of the
present invention, (a) being a timing chart showing wave-
forms of gate signals, (b) being a timing chart showing wave-
forms of auxiliary capacitor signals.

[0044] FIG. 22 is a block diagram showing a configuration
of a display panel according to a third embodiment of the
present invention.

[0045] FIG.23 is a circuit diagram showing a configuration
of'a display section in the display panel according to the third
embodiment.

[0046] FIG.24 is acircuit diagram showing a configuration
of a display section in a display panel according to a fourth
embodiment of the present invention.

[0047] FIG. 25, which is a diagram showing an example of
operation of the display panel according to the fourth embodi-
ment of the present invention, is a diagram showing the
polarities of potentials that are applied to the display section
of the display panel.

DESCRIPTION OF EMBODIMENTS
Embodiment 1

[0048] A configuration of a display panel according to a
first embodiment of the present invention is described with
reference to FIGS. 1 and 2. FIG. 1 is a block diagram showing
a configuration of a display panel 1 according to the present
embodiment. The display panel 1 is an active-matrix liquid
crystal display panel.

[0049] As shown in FIG. 1, the display panel 1 includes a
control section 11, a source driver 12, a gate driver 13, an
auxiliary capacitor driver 14, a counter electrode driver 15,
and a display section 16.

[0050] The control section 11 outputs a control signal #11a
to control the source driver 12, a control signal #1154 to control
the gate driver 13, a control signal #11¢ to control the auxil-
iary capacitor driver 14, and a control signal #11d to control
the counter electrode driver 15.
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[0051] In the display section 16, N gate bus lines GL, to
GL, and M source bus lines SL; to SL,,are formed in such a
reticular pattern as to intersect one another. Further, in the
display section 16, N auxiliary capacitor bus lines CSL, to
CSL,,are formed substantially in parallel with the N gate bus
lines GL, to GL,.. Further, in the display section 16, a counter
electrode wire COML is formed. In the following, as shownin
FIG. 1, the nth gate bus line, the mth source bus line, and the
nth auxiliary capacitor bus line are represented as “gate bus
line GL,,”, “source bus line SL,,”, and “auxiliary capacitor
bus line CSL,,”, respectively.

[0052] Further, as shown in FIG. 1, the display section 16
includes a pixel region P, ,, defined by the gate bus line GL,,
(1=n=N) and the source bus line SL,, (1=m=M).

[0053] As shown in FIG. 1, the M source bus lines SL; to
SL,,have their terminals connected to the source driver 12.
The source driver 12 supplies the M source bus lines SL; to
SL,, with source signals #SL, to #SL,,, respectively.

[0054] Further, the N gate bus lines GL, to GL, have their
terminals connected to the gate driver 13. The gate driver 13
supplies the N gate bus lines GL, to GL,, with gate signals
#GL, to #GL,, respectively.

[0055] Further, the N auxiliary capacitor bus lines CSL, to
CSL,, have their terminals connected to the auxiliary capaci-
tor driver 14. The auxiliary capacitor driver 14 supplies the N
auxiliary capacitor bus lines CSL, to CSL,, with auxiliary
capacitor signals #CSL, to #CSL,, respectively.

[0056] Further, the counter electrode wire COML has its
terminal connected to the counter electrode driver 15. The
counter electrode driver 15 supplies the counter electrode
wire COML with a common potential V.

[0057] FIG. 2 is a circuit diagram showing a configuration
of the display panel 1 in the pixel region P, ,,. As shown in
FIG. 2, the display panel 1 includes, in the pixel region P, ,
atransistor M,, , having its gate connected to the gate bus line
GL,, and its source connected to the source bus line SL,,. The
transistor M,, ,,, is, for example, a thin-film transistor (TFT),
but, in the present invention, is not to be limited to a specific
type of transistor. Further, in the present embodiment, the
transistor M,, ,, is described by taking, as an example, a tran-
sistor that switches into a conducting state when a high-level
potential is applied to the gate and switches into a cutoff state
when a low-level potential is applied to the gate. However, the
present invention is not to be limited to such an example. Even
a transistor that switches into a conducting state when a
low-level potential is applied to the gate and switches into a
cutoff state when a high-level potential is applied to the gate
can be applied to the present invention.

[0058] Further, as shown in FIG. 2, the transistor M, ,, has
its drain connected to a pixel electrode PE,, .. Further, the
display panel 1 includes, in the pixel region P, . a counter
electrode E 5, 0pposed to the pixel electrode PE,, ,,, and the
counter electrode E ., ,is connected to the counter electrode
wire COML. Further, the display panel 1 includes a liquid
crystal LC between the pixel electrode PE,, , and the counter
electrode E ., with a pixel capacitor C, . formed between
the pixel electrode PE,, ,, and the counter electrode E -,
[0059] An electric field corresponding to charge stored in
the pixel electrode PE, ,, is induced between the pixel elec-
trode PE,, ,, and the counter electrode E,,,, and the orienta-
tion of the liquid crystal LC is determined according to the
magnitude of the electric field. In other words, the orientation
of the liquid crystal LC is determined according to the abso-
lute value of a potential difference between the pixel electrode
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PE,, ,, and the counter electrode E,,. Further, the transmit-
tance of the liquid crystal LC is determined according to the
orientation. The present embodiment is described by taking,
as an example, a case of normally black in which as the
absolute value of the potential difference becomes larger, the
transmittance of the liquid crystal LC becomes higher. How-
ever, the present invention is not to be limited to such an
example. The present invention can be applied even in a case
of normally white in which as the absolute value of the poten-
tial difference becomes larger, the transmittance of the liquid
crystal LC becomes lower. Further, the higher the transmit-
tance of the liquid crystal LC becomes, the higher the bright-
ness of the pixel region P, ,, which includes the liquid crystal
LC, becomes.

[0060] Further, the transistor M,, , has its drain connected
to a first auxiliary capacitor electrode CE1,, ,, parallel to the
pixel electrode PE, .. Further, the pixel region P, ,, includes
a second auxiliary capa01t0r electrode CE2, opposed to the
first auxiliary capacitor electrode CE1,, and connected to
the auxiliary capacitor bus line CSLn Wlth an auxiliary
capacitor C.g formed between the first auxiliary capacitor
electrode CE1,, ,,, and the second auxiliary capacitor electrode
CE2,,, in parallel with the pixel capacitor C,.. In other
words, the first auxiliary capacitor electrode CE1,, ,, and the
second auxiliary capacitor electrode CE2, , constitute a
capacitor C, ,, having the auxiliary capacitor C.

[0061] (Example 1 of Operation of the Display Panel 1)
[0062] A first example of operation of the display panel 1
according to the present embodiment is described below with
reference to (a) through (d) of FIG. 3 and (a) through (d) of
FIG. 4.

[0063] First, a case where the source driver 12 supplies the
source bus line SL, with a source signal #SL, corresponding
to a high tone is described with reference to (a) through (d) of
FIG. 3.

[0064] (a) of FIG. 3 is a timing chart showing an example of
a waveform of the source signal #SL,,, which is supplied to
the source bus line SL,,.

[0065] (b)ofFIG. 3 isatimingchart showing an example of
a waveform of the gate signal #GL,,, which is supplied to the
gate bus line GL,,.

[0066] (c) of FIG. 3 is a timing chart showing the common
potential V,,,, which is supplied to the counter electrode
wire COML, and a potential V o, ,, that is applied to the pixel
electrode PE,, ..

[0067] (d) of FIG. 3 is a timing chart showing a waveform
of the auxiliary capacitor signal #CSL,,, which is supplied to
the auxiliary capacitor bus line CSL,,. As shown in (d) of FIG.
3, the auxiliary capacitor signal #CSL,, is a signal that alter-
nately takes on a potential Vg, and a potential V., in a
single cycle composed of two consecutive vertical scanning
periods T, More specifically, as shown in (d) of FIG. 3, the
auxiliary capacitor signal #CSL,, takes on the potential V ¢,
during a period T, in a single vertical scanning period T, and
takes on the potential V ., during a period T,. Further, the
auxiliary capacitor signal #CSL,, takes on the potential V g,
during a period Tj; in the ensuing vertical scanning period T,
and takes on the potential Vg, during a period T,. It is
assumed that as shown in (d) of FIG. 3, specific values of the
potentials Vg, and Vg, satisfy Vg, <V q,.

[0068] Asshownin(c)and (d) of FIG. 3, when the auxiliary
capacitor signal #CSL,, is at the lowest potential (potential
V s1) and the gate signal #GL,, is at a high level, the voltage
that is applied to the liquid crystal L.C changes into a positive
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polarity; and when the auxiliary capacitor signal #CSL,, is at
the highest potential (potential Vg,) and the gate signal
#GL,, is at a high level, the voltage that is applied to the liquid
crystal LC changes into a negative polarity.

[0069] The “voltage thatis applied to the liquid crystal LC”
here means a potential difference between the potential V.,
m, which is applied to the pixel electrode PE, . and the
potential V., which is applied to the counter electrode
E conr (same applies below).

[0070] Further, in the present embodiment, a case is
described where the potential V py,, ,,, Which is applied to the
pixel electrode PE, . has the same polarity as a potential
V i, (t#m, 1 =t=M) that is applied to a pixel electrode PE, ,
[0071] Tt should be noted that each single vertical scanning
period T is defined as including a boundary time at a point in
time where the period starts, but not including a boundary
time at a point in time where the period ends. That is, in (d) of
FIG. 3, each single vertical period T is defined as a set of
times t that satisfy t,=t<t5 or as a set of times t that satisfy
ts=t<tg (same applies below).

[0072] The following describes the operation of each of the
components in the pixel region P,  of the display panel 1.
[0073] First, as shownin (b) of FIG. 3, the gate signal #GL,,
rises from a low level to a high level at the time t, and, after a
certain period of time has elapsed, falls to a low level. In a
period of time during which the gate signal #GL,, is at a high
level, the transistor M, is in a conducting state. When the
transistor M,, ,, is in a conducting state, the source signal
#SL,, is supplied to the pixel electrode PE, , and the first
auxiliary capacitor electrode CE1,, . As shown in (¢) of FIG.
3, in a period from the time t; to the time t,, the potential
V pinm Which is applied to the pixel electrode PE,, ,, rises
from a potential V, to a potential V, (which is positive).
[0074] Then, the auxiliary capacitor signal #CSL,, rises
from the potential V., to the potential V ., at the time t;.
Since the gate signal #GL,, is at a low level at this point in
time, the transistor M,, , is in a cutoff state. Therefore, a sum
of the charge stored i 1n the pixel electrode PE, ,, and the
charge stored in the first auxiliary capacitor electrode CE1l,,

is invariable. Meanwhile, when the value of the aux111ary
capacitor signal #CSL,,, changes, the charge stored in the pixel
electrode PE, ,, and the charge stored in the first auxiliary
capacitor electrode CE1l,,,, change. Accordingly, the poten-
tial Vg, ,, of the pixel "electrode PE,, ,, changes from the
potential V, to a potential V. It should be noted here that a
specific Value of the potential V, is defined as:

Vi=(VesoVes)xCes/ZetVa.

Further, 2. is the sum of the capacitors connected to the drain
of the transistor M,, ,, in parallel with each other and, in the
present embodiment, specifically, 2 ~C, +C,s Since
Vs1<V s, as mentioned above, the potential V5 is greater
than the potential V.

[0075] Further, as shown in (c) of FIG. 3, the potential
difference between the potential V; and the common potential
Vcoar 18 greater than the potential difference between the
potential V, and the common potential V,,. That is, the
transmittance of the liquid crystal L.C in a period from the
time t; to the time t, is greater than the transmittance of the
liquid crystal LC in a period from the time t, to the time t,.
That is, the brightness of the pixel region P, ,, in the period
from the time t; to the time t, is greater than the brightness of
the pixel region P,, , in the period from the time t, to the time
ts.

n,md
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[0076] Then, the gate signal #GL,, rises from a low level to
ahigh level at the time t, and, after a certain period of time has
elapsed, falls to a low level. In a period of time during which
the gate signal #GL,, is at a high level, the transistor M, is in
a conducting state, so that the source signal #SL,, is supplied
to the pixel electrode PE, , and the first auxiliary capacitor
electrode CE1,,,,.

[0077] As shown in (¢) of FIG. 3, in a period from the time
t, to the time t;, the potential V., which is applied to the
pixel electrode PE,, ,,, falls from the potential V; to a potential
V, (which is negative).

[0078] Then, the auxiliary capacitor signal #CSL, falls
from the potential V ., to the potential Vg, at the time t.
Since the gate signal #GL,, is at a low level at this point in
time, the transistor M,, ,, is in a cutoff state. Therefore, a sum
of the charge stored in the pixel electrode PE, ,, and the
charge stored in the first auxiliary capacitor electrode CE1,, ,,
is invariable. Meanwhile, when the value of the auxiliary
capacitor signal #CSL,, changes, the charge stored in the pixel
electrode PE, ,, and the charge stored in the first auxiliary
capacitor electrode CE1,, ,, change. Accordingly, the poten-
tial Vg, ,, of the pixel electrode PE, ,, changes from the
potential V,, to the potential V. It should be noted here that a
specific value of the potential V, is defined as:

Vi=(Vesi=Ves)*Cod 2t Va

Further, since V 5;<V s, as mentioned above, the potential
V, is smaller than the potential V.

[0079] Further, as shown in (¢) of FIG. 3, the potential
difference between the potential V; and the common potential
V conr 18 greater than the potential difference between the
potential V,, and the common potential V4, That is, the
transmittance of the liquid crystal LC in a period from the
time t4 to the time t, is greater than the transmittance of the
liquid crystal LC in a period from the time t; to the time t,.
That is, the brightness of the pixel region P, ,, in the period
from the time t, to the time t, is greater than the brightness of
the pixel region P, ,, in the period from the time t5 to the time
ts.

[0080] The operation at the time t, and later is the same as
the operation at the time t, and later.

[0081] Although the foregoing description has assumed
that 2 _~=C, ~+C ., the present invention is not to be limited
thereby. For example, in such a case where a capacitor (para-
sitic capacitor) Cgd exists between the drain of the transistor
M,, ,, and the gate bus line GL,, and a capacitor (parasitic
capacitor) Csd exists between the drain of the transistor M, ,,
and the source bus line SL,,, 2 ~C; +C+Cgd+Csd. Alter-
natively, in such a case where in addition to these capacitors,
a further capacitor Cext exists in parallel with the liquid
crystal capacitor C, o, Z~C, +C +Cgd+Csd+Cext. As for
the definition of 2, the same applies to the following descrip-
tion.

[0082] Further, in actuality, a period of time during which
the gate signal #GLn shown in (b) of FIG. 3 is at a high level
is sufficiently shorter than a single vertical scanning period
T,
[0083] As describedabove, the display panel 1 according to
the present embodiment is a display panel including: a plu-
rality of gate bus lines GL, to GL,; a plurality of source bus
lines SL, to SL,; a plurality of auxiliary capacitor bus lines
CSL, to CSL,j; atransistor M,, ,, including a gate connected to
a given gate bus line GL,, of the plurality of gate bus lines and
a source connected to a given source bus line SL,, of the
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plurality of source bus lines; a pixel electrode PE, ,, con-
nected to a drain of the transistor; a capacitor C,, ,,, one end
(first auxiliary capacitor electrode CFE1,, ,,) of which is con-
nected to the drain of the transistor in parallel with the pixel
electrode, and the other end (second auxiliary capacitor elec-
trode CE2, ) of which is connected to a given auxiliary
capacitor bus line CSL,, of the plurality of auxiliary capacitor
bus lines; a source driver 12, connected to one end of each of
the plurality of source bus lines, which supplies the given
source bus line with a source signal; a gate driver 13, con-
nected to one end of each of the plurality of gate bus lines,
which sequentially supplies the given gate bus line with a
conducting signal that renders the transistor conducting; a
counter electrode E.,, opposed to the pixel electrode via a
liquid crystal layer (liquid crystal LC); a counter electrode
wire COML connected to the counter electrode; and a counter
electrode driver 15, which supplies the counter electrode wire
with a common potential V., ,, the display panel 1 including
an auxiliary capacitor driver which, in a single scanning
period (single vertical scanning period T}) from a point in
time where the gate driver supplies the given gate bus line
with the conducting signal (high-level interval of a gate signal
#GL,) to a point in time where the gate driver supplies the
conducting signal next, supplies the given auxiliary capacitor
bus line CSL,, with a rectangular voltage signal (auxiliary
capacitor signal #CSL,,) in synchronization with the conduct-
ing signal, the rectangular voltage signal being composed of
at least a first voltage level and a second voltage level that is
different from the first voltage level (i.e., at least a potential
Vg, and a potential V). Further, in the single scanning
period, a period of time during which the rectangular voltage
signal is at the first voltage level and a period of time during
which the rectangular voltage signal is at the second voltage
level, i.e., a time T, and a time T,, are each longer than a
response time of the liquid crystal.

[0084] Therefore, in the single scanning period, the display
panel 1 can apply a two-valued voltage level to the pixel
electrode connected via the transistor to the given gate bus
line. That is, the display panel 1 can cause the brightness of an
image in the pixel region P, ,, in which the pixel electrode
PE,, ,, has been formed, to switch between two values in the
single scanning period.

[0085] This makes it possible to suppress the aforemen-
tioned phenomenon of blurring of moving images.

[0086] The auxiliary capacitor driver 14 of the display
panel 1 according to the present invention can supply the
rectangular voltage signal (auxiliary capacitor signal #CSL,,)
in synchronization with the conducting signal. Therefore,
unlike in a case where a voltage signal is supplied out of
synchronization with the conducting signal, a proportion
between a period of display at a high brightness and a period
of display at a low brightness can be made substantially equal
in any place on the screen, so that blurring of moving images
can be effectively suppressed.

[0087] Further, in the display panel 1 according to the
present invention, the blurring of moving images can be sup-
pressed without using a frame memory in which to tempo-
rarily store image signals. Therefore, as compared with a
conventional configuration that uses a frame memory in
which to temporarily store image signals, manufacturing cost
can be reduced. Further, as compared with a conventional
configuration that uses a frame memory in which to tempo-
rarily store image signals, power consumption can be
reduced.
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[0088] Further, according to this example of operation, the
rectangular voltage signal (auxiliary capacitor signal #CSL,,)
takes on either one of the first and second voltage levels (i.e.,
either one of the potentials Vg, and V ;) in an at least 10%
continuous period of time of the single scanning period.
[0089] Therefore, the phenomenon of blurring of moving
images can be effectively suppressed.

[0090] Further, according to this example of operation, the
rectangular voltage signal (auxiliary capacitor signal #CSL,)
takes on either one (potential V ) of the first and second
voltage levels in a period of time from a point in time at which
the single scanning period (single vertical scanning period
T,) starts to a point in time where substantially 10% of the
single scanning period elapses, and takes on the other one
(potential V) of the first and second voltage levels in a
period oftime from a point in time where substantially 90% of
the single scanning period elapses to a point in time at which
the single scanning period ends.

[0091] Generally, in the case of switching between a dis-
play at a high brightness and a display at a low brightness, no
improvement in blurring of moving images is felt when the
percentage of the display at the high brightness is 90% or
higher, more improvement in blurring of moving images is
felt at a lower percentage between 90% to 10%, and satisfac-
tory improvement in blurring of moving images is felt at a
percentage of approximately 10%.

[0092] Therefore, according to the foregoing configura-
tion, the phenomenon of blurring of moving images can be
effectively suppressed.

[0093] Next, a case where the source driver 12 supplies the
source bus line SL,, with a source signal #SL,, corresponding
to a low tone is described with reference to (a) through (d) of
FIG. 4. It should be noted that overlaps with the foregoing
description are not described below.

[0094] (a) of FIG. 4is a timing chart showing an example of
a waveform of the source signal #SL,, which is supplied to the
source bus line SL,. In the following, as shown in (a) of FIG.
4, a case where the potential of the source signal #SL,, when
the conducting signal #GL,, is at a high level and the auxiliary
capacitor bus line #CSL,, is at a low level is lower than the
potential of the waveform shown in (a) of FIG. 3 under the
same conditions or a case where the potential of the source
signal #SL,, when the conducting signal #GL,, is at a high
level and the auxiliary capacitor bus line #CSL,, is at a high
level is higher than the potential of the waveform shown in (a)
of FIG. 3 under the same conditions is described.

[0095] (b) of FIG. 4 isatiming chart showing an example of
a waveform of the gate signal #GL,,, which is supplied to the
gate bus line GL,,. The waveform shown in (b) of FIG. 4 is the
same as that shown in (b) of FIG. 3.

[0096] (c) of FIG. 4 is a timing chart showing the common
potential V ,,,, which is supplied to the counter electrode
wire COML, and a potential V ., ,, that is applied to the pixel
electrode PE,, .

[0097] (d) of FIG. 4 is a timing chart showing a waveform
of the auxiliary capacitor signal #CSL,,, which is supplied to
the auxiliary capacitor bus line CSL,,. The waveform shown
in (d) of FIG. 4 is the same as that shown in (d) of FIG. 3.
[0098] First, as shownin (b) of FIG. 4, the gate signal #GL,,
rises from a low level to a high level at the time t, and, after a
certain period of time has elapsed, falls to a low level. In a case
where, as shown in (a) of FIG. 4, the potential of the source
signal #SL,, relative to the common potential V ., is sub-
stantially equal to the potential of the pixel electrode PE,, ,

Sep. 27,2012

during a period from the time t, to the time t,, the potential
V i, Of the pixel electrode PE,, ,, stays substantially con-
stant at a potential V.

[0099] Then, the auxiliary capacitor signal #CSL,, rises
from the potential V g, to the potential V., at the time t;.
Accordingly, the potential V .z, ,, of the pixel electrode PE,, ,
changes from the potential V), to a potential V. It should be
noted here that a specific value of the potential V,,, is defined

as:
Vor=(Vesa=Ves)xCog/Zct Vo,

Since V ¢, <V s, as mentioned above, the potential V, is
greater than the potential V.

[0100] Then, the gate signal #GL,, rises from a low level to
ahigh level at the time t,, and, after a certain period of time has
elapsed, falls to a low level. In a case where, as shown in (a)
of FIG. 4, the potential of the source signal #SL,, relative to
the common potential V,,, is substantially equal to the
potential V., . of the pixel electrode PE,, , during a period
from the time t, to the time t5, the potential V., ,, of the pixel
electrode PE,, , stays substantially constant at the potential
Voa-

[0101] Then, the auxiliary capacitor signal #CSL,, falls
from the potential V ., to the potential V ¢, at the time t,.
Accordingly, the potential V., , of the pixel electrode PE, ,
changes for example from the potential V,, to the potential
V-

[0102] The operation at the time t, and later is the same as
the operation at the time t, and later.

[0103] As shown in (c) of FIG. 4, the absolute value of the
potential difference between the potential V ,, ,, of the pixel
electrode PE,, ,, and the common potential V ,, is always
kept substantially constant throughout all the periods. That is,
in a case where the source signal #SL,, corresponding to a low
tone is supplied, the transmittance of the liquid crystal LC of
the pixel region P, , can bekept substantially constant even in
a case where the value of the auxiliary capacitor signal #CSL,,
is changed as shown in (d) of FIG. 4.

[0104] According to this example of operation, as
described above, in the single scanning period (single vertical
scanning period T ), the polarity of a voltage that is applied to
the liquid crystal when the rectangular voltage signal (auxil-
iary capacitor signal #CSL,,,) is at the first voltage level and the
polarity of a voltage that is applied to the liquid crystal when
the rectangular voltage signal is at the second voltage level are
polarities that are different from each other. That is, a voltage
that is applied to the liquid crystal as represented by a differ-
ence between the potential V,, of the pixel electrode PE, ,,
and the potential V., of the counter electrode when the
auxiliary capacitor signal #CSL,, is at the potential V g, and a
voltage that is applied to the liquid crystal as represented by a
difference between the potential V, of the pixel electrode
PE,, ,, and the potential V., of the counter electrode when
the auxiliary capacitor signal #CSL,, is at the potential V .,
are opposite in polarity to each other.

[0105] According to the foregoing configuration, regard-
less of whether the rectangular voltage signal is at the first or
second voltage level, the absolute value of the voltage that is
applied to the liquid crystal can be made sufficiently small.
[0106] Therefore, according to the foregoing configura-
tion, in a normally black type in which the brightness is lower
in a case where the absolute value of a voltage that is applied
to the liquid crystal is smaller, a black display can be carried
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out at a sufficiently low brightness, regardless of whether the
rectangular voltage signal is at the first or second voltage
level.

[0107] Further, according to this example of operation, itis
preferable that the absolute value of the potential difference
between the first voltage level and the second voltage level be
twice or less as great as the threshold voltage of the liquid
crystal. That is, it is preferable that the absolute value of the
potential difference between the potential V .., and the poten-
tial V g, be twice or less as great as the threshold voltage of
the liquid crystal.

[0108] Generally, the orientation of a liquid crystal is not
affected even when a voltage that is equal to or lower than the
threshold voltage is applied to the liquid crystal. In other
words, the threshold voltage means a voltage at which the
orientation of a liquid crystal starts to be affected (same
applies below). The threshold voltage can be defined, for
example, as a voltage Yioo times as great as a saturation
voltage at which the transmittance of the liquid crystal gets
saturated.

[0109] Assuming that the voltage difference between the
voltage that is applied to the liquid crystal as represented by
the difference between the potential of the pixel electrode
PE,, ,, and the potential V., of the counter electrode in a
case where the auxiliary capacitor signal #CSL,, is at the
potential Vg, and the voltage that is applied to the liquid
crystal as represented by the difference between the potential
of the pixel electrode PE,, ,, and the potential V,, of the
counter electrode in a case where the auxiliary capacitor
signal #CSL,, is at the potential V ., is represented as AV, .,
AV, . satisfies:

AV~ Ve Ves)*CoglZe

It should be noted here that since C/Z <1, AV, <(V 5o
V s1) 1s derived.

[0110] Further, assuming that the voltage that is applied to
the liquid crystal as represented by the difference between the
potential of the pixel electrode PE, ,, and the potential V oo,
ofthe counter electrode is expressed as V., it is desirable that
in a case where the potential of the auxiliary capacitor signal
#CSL,, isthepotential V g, V, ~besetas V, AV, /2, and
that in a case where the potential of the auxiliary capacitor
signal #CSL,, is the potential V ,, V,; ~be setas V, ~AV, ./
2. It should be noted here that as long as AV, /2 is equal to or
less than the threshold voltage V, ., 1.6, AV, 2=V, ., a
black display can be carried out regardless of whether the
potential of the auxiliary capacitor signal #CSL,, is the poten-
tial Vg, or the potential V ,. Therefore, as long as Vg,—
Ves1=2%XV, 5, a black display can be carried out regardless
of whether the potential of the auxiliary capacitor signal
#CSL,, is the potential V g, or the potential V ...

[0111] According to the foregoing configuration, as
described above, in a normally black type in which the bright-
ness is lower in a case where the absolute value of a voltage
that is applied to the liquid crystal is smaller, a black display
can be carried out regardless of whether the voltage level of
the rectangular voltage signal is the first or second voltage
level.

[0112] It should be noted that the above method of deriva-
tion can be applied in substantially the same manner to the
examples of operation to be described later.
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[0113] (Example 2 of Operation of the Display Panel 1)
[0114] A second example of operation of the display panel
1 according to the present embodiment is described below
with reference to (a) through (d) of FIG. 5 and (a) through (d)
of FIG. 6.

[0115] First, a case where the source driver 12 supplies the
source bus line SL,, with a source signal #SL,, corresponding
to a high tone is described with reference to (a) through (d) of
FIG. 5.

[0116] (a)of FIG. 5is atiming chart showing an example of
a waveform of the source signal #SL,,, which is supplied to
the source bus line SL,,. This waveform is the same as the
waveform of the source signal #SL,, shown in (a) of FIG. 3.
[0117] (b) of FIG. 5 is a timing chart showing a waveform
of'the gate signal #GL,,, which is supplied to the gate bus line
GL,,. As shown in (b) of FIG. 5, the waveform of the gate
signal #GL,, in this example of operation is described as being
the same as the waveform of the gate signal #GL,, shown in (b)
of FIG. 3.

[0118] (c) of FIG. 5 is a timing chart showing the common
potential V,,,, which is supplied to the counter electrode
wire COML, and a potential V o, ,, that is applied to the pixel
electrode PE, ..

[0119] (d) of FIG. 5 is a timing chart showing a waveform
of the auxiliary capacitor signal #CSL,,, which is supplied to
the auxiliary capacitor bus line CSL,,. As shown in (d) of FIG.
5, the auxiliary capacitor signal #CSL,, in this example of
operation is a signal that takes on a potential Vg, ', a potential
Vso', and apotential V 5" in a single cycle composed of two
consecutive vertical scanning periods T,'. More specifically,
as shown in (d) of FIG. 5, the auxiliary capacitor signal
#CSL,, takes on the potential Vg,' during a period T,'in a
single vertical scanning period T/, and takes on the potential
Vs during a period T,'. Further, the auxiliary capacitor
signal #CSL,, takes on the potential V ~,' during a period T5'
in the ensuing vertical scanning period T, and takes on the
potential V .q," during a period T,". It is assumed that as shown
in (d) of FIG. 5, specific values of the potentials Vg,", Vs,'s
and Vo' satisty Vg "<V s <Vess'

[0120] Asshownin(c)and (d) of FIG. 5, when the auxiliary
capacitor signal #CSL,, is at the lowest potential (potential
Vs1') and the gate signal #GL,, is at a high level, the voltage
that is applied to the liquid crystal LC changes into a positive
polarity; and when the auxiliary capacitor signal #CSL,, is at
the highest potential (potential V') and the gate signal
#GL,, is at a high level, the voltage that is applied to the liquid
crystal LC changes into a negative polarity.

[0121] The following describes the operation of each of the
components in the pixel region P, ,, of the display panel 1 in
this example of operation.

[0122] First, as shownin (b) of FIG. 5, the gate signal #GL,,
rises from a low level to a high level at the time t,' and, after
a certain period of time has elapsed, falls to a low level. In a
period of time during which the gate signal #GL,, is at a high
level, the transistor M,, ,, is in a conducting state. When the
transistor M,, ,,, is in a conducting state, the source signal
#SL,, is supplied to the pixel electrode PE, ,, and the first
auxiliary capacitor electrode CE1,, ,,. As shown in (¢) of FIG.
5, in a period from the time t,' to the time t,', the potential
V pi,.ms Which is applied to the pixel electrode PE, ,, rises
from a potential V' to a potential V' (which is positive).
[0123] Further, the auxiliary capacitor signal #CSL,, rises
from the potential Vg, ' to the potential V ¢,' at the time t,'.
Since the gate signal #GL,, is at a low level at this point in
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time, the transistor M,, ,,, is in a cutoff state. Therefore, a sum
of the charge stored 1 1n the pixel electrode PE, ,, and the
charge stored in the first auxiliary capacitor electrode CE1,, ,
is invariable. Meanwhile, when the value of the auxiliary
capacitor signal #CSL,, changes, the charge stored in the pixel
electrode PE, ,, and the charge stored in the first auxiliary
capacitor electrode CEl,,,, change. Accordingly, the poten-
tial Vg, ,, of the plxel electrode PE, ,, changes from the
potential V' to a potential V'. It should be noted here that a
specific value of the potential V' is defined as:

Vy'=(Vesa - Ves) X Ces/Zet Vs

Since V5, '<V ' as mentioned above, the potential V' is
greater than the potential V.

[0124] Then, the auxiliary capacitor signal #CSL,, rises
from the potential V g, to the potential V ;' at the time t5'.
Accordingly, the potential V ,, ,, of the pixel electrode PE,
changes from the potential V' to a potential V. It should be
noted here that a specific value of the potential V ;' is defined

as:
Va=(Vess™ Ve X Cos/Zct Vs

Since V,'<V ~q3' as mentioned above, the potential V' is
greater than the potential V.

[0125] Further, as shown in (¢) of FIG. 5, the potential
difference between the potential V' and the common poten-
tial V oo, 1s greater than the potential difference between the
potential V' and the common potential V ~,,. That is, the
transmittance of the liquid crystal LC in a period from the
time t;' to the time t,' is greater than the transmittance of the
liquid crystal LC in a period from the time t,' to the time t;'.
That is, the brightness of the pixel region P, ,, in the period
from the time t,' to the time t,,' is greater than the brightness of
the pixel region P, , in the period from the time t,' to the time
ty'.

[0126] Then, the gate signal #GL,, rises from a low level to
ahigh level at the time t,' and, after a certain period of time has
elapsed, falls to a low level. In a period of time during which
the gate signal #GL, is at ahigh level, the transistor M, ,,, is in
a conducting state, so that the source signal #SL,, is supplled
to the pixel electrode PE,, ,, and the first aux1l1ary capacitor
electrode CE1,, ,

[0127] As shown in (c) of FIG. 5, in a period from the time
t,' to the time t', the potential V,,, ., which is applied to the
pixel electrode PE,, ,, falls from the potential V,' to a poten-
tial V' (which is negative).

[0128] Further, the auxiliary capacitor signal #CSL,, falls
from the potential V ~g;' to the potential V .¢,' at the time ts'.
Accordingly, the potential V5, ,, of the pixel electrode PE,,
changes from the potential V' to a potential V. It should be
noted here that a specific value of the potent1al V' is defined
as:

Ve=(Vesa™Vesa X Cos/Zct Vs’

Since V5,'<V g, as mentioned above, the potential V' is
smaller than the potential V'.

[0129] Then, the auxiliary capacitor signal #CSL,, falls
from the potential V .,' to the potential V ¢," at the time t/'.
Accordingly, the potential V 5, ,, of the pixel electrode PE, ,
changes from the potential V' to the potential V,". It should be
noted here that a specific value of the potential V' is defined

as:

Vi'=(Ves1-Ves2 xCes/Zct Vs
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Since Vg,'<V s, as mentioned above, the potential V' is
smaller than the potential V.

[0130] Further, as shown in (c) of FIG. 5, the potential
difference between the potential V' and the common poten-
tial V ~o, 15 greater than the potential difference between the
potential V' and the common potential V .,,. That is, the
transmittance of the liquid crystal LC in a period from the
time tg' to the time t,' is greater than the transmittance of the
liquid crystal LC in a period from the time t' to the time t,'.
That is, the brightness of the pixel region P, ,, in the period
from the time t to the time t.' is greater than the brightness of
the pixel region P, , in the period from the time t' to the time
ts'.

[0131] The operation at the time t-' and later is the same as
the operation at the time t,' and later.

[0132] The above example of operation has described a
case where the auxiliary capacitor signal #CSL,, rises from
the potential V ~g," to the potential V ., at the time t,' and the
auxiliary capacitor signal #CSL,, falls from the potential
Vss' to the potential V.g," at the time t5'. However, more
generally, the auxiliary capacitor signal #CSL,, rises from the
potential V ., ' to the potential V .’ before several horizontal
periods (period multiple times as long as a horizontal period
Th) have elapsed since the time t,' and the auxiliary capacitor
signal #CSL,, falls from the potential V ;' to the potential
V s, before several horizontal periods (period multiple times
as long as a horizontal period Th) have elapsed since the time
ts'.

[0133] Further, according to this example of operation, in
the single scanning period (single vertical scanning period
T}, the auxiliary capacitor driver 14 supplies the given aux-
iliary capacitor bus line with a rectangular voltage signal
(auxiliary capacitor signal #CSL ) in synchronization with
the conducting signal, the rectangular voltage signal being
composed of the first voltage level, the second voltage level,
and a third voltage level that is different from the first and
second voltage levels.

[0134] That is, according to this example of operation, in
the single scanning period (single vertical scanning period
T,"), the auxiliary capacitor driver 14 supplies a rectangular
voltage signal (auxiliary capacitor signal #CSL,,) composed
of the potential V', the potential V .,', and the potential
VCS3"

[0135] Therefore, according to this example of operation,
in the single scanning period, the level of voltage that is
applied to the given auxiliary capacitor bus line switches
among three values. In other words, in the single scanning
period, the level of voltage that is applied to the auxiliary
capacitor bus line makes two transitions. The first transition
between the voltage levels in the single scanning period
causes a voltage that is applied to the liquid crystal after the
first transitions between the voltage levels to be suitable for a
display after the first transition between the voltage levels,
and the second transition between the voltage levels allows
switching between a high brightness and a low brightness.
[0136] That s, this example of operation makes a display at
ahigher brightness possible while effectively suppressing the
phenomenon of blurring of moving images.

[0137] Further, according to this example of operation, in a
case where when the gate driver 13 supplies the given gate bus
line GL,, with the conducting signal (high-level interval of the
gate signal #GL,)), the given auxiliary capacitor bus line CSL,,
is supplied with the lowest voltage level among the voltage
levels, the auxiliary capacitor driver 14 supplies the given
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auxiliary capacitor bus line CSL,, with the rectangular voltage
signal #CSL,, in the single scanning period (single vertical
scanning period T,}), the rectangular voltage signal #CSL,,
having its voltage levels arranged in an ascending order.
[0138] That is, as mentioned above, in a case where in the
period from the time t,' to the time t,', the auxiliary capacitor
bus line CSL,, is supplied with the lowest voltage level V ¢’
among the voltage levels V q,', Vo', and V g,', the auxiliary
capacitor driver 14 supplies the auxiliary capacitor bus line
CSL,, with an auxiliary capacitor signal #CSL,, in a single
scanning period from the time t,' to the time t' (single vertical
scanning period T}, the auxiliary capacitor signal #CSL,,
taking on the voltage level V ' in a period T,' from the time
t,' to the time t;' and taking on the voltage level V '
(Vs2'<V s3') in a period T,' from the time t;' to the time ts'".
[0139] Generally, in a normally black type in which a black
display is carried out in a case where no voltage is applied to
the pixel electrode, a phenomenon of insufficient rising from
a low brightness to a high brightness occurs due to finite
lengths of time of response of the liquid crystal. In other
words, there is such a characteristic that the amount of time
required to change from a low brightness to a high brightness
is larger than the amount of time required to change from a
high brightness to a low brightness. In a case where a signal
that is applied to the pixel electrode has a positive polarity,
such a phenomenon can occur at a timing when the potential
of the pixel electrode changes to a high voltage.

[0140] According to the foregoing configuration, in a case
where when the gate driver supplies the given gate bus line
with the conducting signal, the given auxiliary capacitor bus
line is supplied with the lowest voltage level among the volt-
age levels, the pixel electrode can be supplied with a voltage
signal at a lower voltage and then with a voltage signal at a
higher voltage level in the single scanning period.

[0141] This allows the potential that is applied to the pixel
electrode to gradually change to a high voltage. This makes it
possible to suppress the phenomenon of insufficient rising
from a low brightness to a high brightness that can occur in a
normally black type.

[0142] Further, according to this example of operation, in a
case where when the gate driver 13 supplies the given gate bus
line GL,, with the conducting signal (high-level interval of the
gate signal #GL ), the given auxiliary capacitor bus line CSL,,
is supplied with the highest voltage level among the voltage
levels, the auxiliary capacitor driver 14 supplies the given
auxiliary capacitor bus line CSL,, with the rectangular voltage
signal in the single scanning period, the rectangular voltage
signal having its voltage levels arranged in a descending
order.

[0143] That is, as mentioned above, in a case where in the
period from the time t,' to the time t.', the auxiliary capacitor
bus line CSL,, is supplied with the highest voltage level V o'
among the voltage levels V ", Vs,', and V ¢,', the auxiliary
capacitor driver 14 supplies the auxiliary capacitor bus line
CSL,, with a rectangular voltage signal #CSL,, in a single
scanning period (single vertical scanning period T') from the
time t5' to the time tg', the rectangular voltage signal #CSL,,
taking on the voltage level V ~,' in a period T;' from the time
ts' to the time tg and taking on the voltage level V'
(Vesi'<V s, ina period T, from the time t' to the time tg'".
[0144] Generally, in a normally black type in which a black
display is carried out in a case where no voltage is applied to
the pixel electrode, a phenomenon of insufficient rising from
a low brightness to a high brightness occurs due to finite
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lengths of time of response of the liquid crystal. In other
words, there is such a characteristic that the amount of time
required to change from a low brightness to a high brightness
is larger than the amount of time required to change from a
high brightness to a low brightness. In a case where a signal
that is applied to the pixel electrode has a negative polarity,
such a phenomenon can occur at a timing when the potential
of the pixel electrode changes to a low voltage.

[0145] According to the foregoing configuration, in a case
where when the gate driver supplies the given gate bus line
with the conducting signal, the given auxiliary capacitor bus
line is supplied with the highest voltage level among the
voltage levels, the pixel electrode can be supplied with a
voltage signal at a higher voltage and then with a voltage
signal at a lower voltage level in the single scanning period.
[0146] This allows the potential that is applied to the pixel
electrode to gradually change to a low voltage. This makes it
possible to suppress the phenomenon of insufficient rising
from a low brightness to a high brightness that can occurina
normally black type.

[0147] Next, a case where the source driver 12 supplies the
source bus line SL,, with a source signal #SL,,, corresponding
to a low tone is described with reference to (a) through (d) of
FIG. 6. It should be noted that overlaps with the foregoing
description are not described below.

[0148] (a)of FIG. 6 is atiming chart showing an example of
a waveform of the source signal #SL,,, which is supplied to
the source bus line SL,,. In the following, as shown in (a) of
FIG. 6, a case where the potential of the source signal #SL,,
when the conducting signal #GL,, is at a high level and the
auxiliary capacitor bus line #CSL,, is at a low level is lower
than the potential of the waveform shown in (a) of FIG. 3
under the same conditions or a case where the potential of the
source signal #SL,, when the conducting signal #GL,, is ata
high level and the auxiliary capacitor bus line #CSL,, is at a
high level is higher than the potential of the waveform shown
in (a) of FIG. 3 under the same conditions is described.
[0149] (b) of FIG. 6 is a timing chart showing a waveform
of'the gate signal #GL,,, which is supplied to the gate bus line
GL,,. The waveform shown in (b) of FIG. 6 is the same as that
shown in (b) of FIG. 3.

[0150] (c) of FIG. 6 is a timing chart showing the common
potential V., which is supplied to the counter electrode
wire COML, and a potential V o, ,, that is applied to the pixel
electrode PE, ..

[0151] (d) of FIG. 6 is a timing chart showing a waveform
of the auxiliary capacitor signal #CSL,,, which is supplied to
the auxiliary capacitor bus line CSL,,. The waveform shown
in (d) of FIG. 6 is the same as that shown in (d) of FIG. 5.
[0152] First, as shownin (b) of FIG. 6, the gate signal #GL,,
rises from a low level to a high level at the time t,' and, after
a certain period of time has elapsed, falls to a low level. As
shown in (¢) of FIG. 6, in the period from the time t," to the
time t,', the potential Vg, ., that is applied to the pixel

electrode PE,, ,, falls, for example, from a potential V,,,' to a
potential V,'".
[0153] Further, the auxiliary capacitor signal #CSL,, rises

from the potential V g, to the potential V .s,' at the time t,'.
Accordingly, the potential V .z, ,, of the pixel electrode PE, ,
changes from the potential V,,', for example, to the potential
Voi'

[0154] Then, the auxiliary capacitor signal #CSL,, rises
from the potential V g,' to the potential V ;' at the time t;'.
Accordingly, the potential V .z, ,, of the pixel electrode PE,
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changes from the potential V,,"to a potential V;'. It should be
noted here that a specific value of the potential V;' is defined
as:

Vo3 =(Vess Ve X CosZc+ V'

Since V ,'<V ;' as mentioned above, the potential V ;' is
greater than the potential V,,".

[0155] Then, the gate signal #GL,, rises from a low level to
ahigh level at the time t,' and, after a certain period of time has
elapsed, falls to a low level. As shown in (c) of FIG. 6, in the
period from the time t,' to the time t;', the potential Vz,, ,,,
which is applied to the pixel electrode PE,, ,, rises from the
potential V,,' to a potential V.

[0156] Further, the auxiliary capacitor signal #CSL,, falls
from the potential V ;' to the potential V ~¢,' at the time ts'.
Accordingly, the potential V ., ,, of the pixel electrode PE,, ,
changes from the potential V', for example, to the potential
Vos'

[0157] Then, the auxiliary capacitor signal #CSL,, falls
from the potential V g, to the potential V ~q," at the time t,'.
Accordingly, the potential V5, ,, of the pixel electrode PE, ,
changes from the potential V ;' to the potential V,,".

[0158] The operation at the time t' and later is the same as
the operation at the time t," and later.

[0159] As shown in (c) of FIG. 6, the absolute value of the
potential difference between the potential V5, ,, of the pixel
electrode PE,, , and the common potential V., is always
kept substantially constant throughout all the periods. That is,
the transmittance of the liquid crystal LC of the pixel region
P, . can be kept substantially constant even in a case where
the value of the auxiliary capacitor signal #CSL,, is changed
as shown in (d) of FIG. 6.

[0160] Further, according to this example of operation, in
the single scanning period (single vertical scanning period
T,"), a polarity of a voltage that is applied to the liquid crystal
after a first transition between the voltage levels and a polarity
of a voltage that is applied to the liquid crystal after a next
transition between the voltage levels are polarities that are
different from each other. A voltage that is applied to the
liquid crystal as represented by a difference between the
potential V' of the pixel electrode PE,,, and the potential
V coar of the counter electrode when the auxiliary capacitor
signal #CSL,, is at the potential V ,' and a voltage that is
applied to the liquid crystal as represented by a difference
between the potential V ;' of the pixel electrode PE, ,, and the
potential V.., of the counter electrode when the auxiliary
capacitor signal #CSL,, is at the potential V ~¢5' are opposite in
polarity to each other.

[0161] According to the foregoing configuration, regard-
less of whether after the first transition between the voltage
levels or after the next transition between the voltage levels in
the single scanning period, the absolute value of the voltage
that is applied to the liquid crystal can be made sufficiently
small.

[0162] Therefore, according to the foregoing configura-
tion, in a normally black type in which the brightness is lower
in a case where the absolute value of a voltage that is applied
to the liquid crystal is smaller, a black display can be carried
out at a sufficiently low brightness, regardless of whether
after the first transition between the voltage levels or after the
next transition between the voltage levels in the single scan-
ning period.

[0163] Further, according to this example of operation, itis
preferable that an absolute value of a potential difference

n,m?
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between the middle voltage level among the first to third
voltage levels and the highest voltage level among the first to
third voltage levels be twice or less as great as a threshold
voltage ofthe liquid crystal. That is, according to this example
of operation, it is preferable that the absolute value of the
potential difference between the middle potential Vg’
among the potentials V ~¢,", V s', and V ;' and the highest
potential V ¢;' among the potentials Vg,', Vs,', and Vg
be twice or less as great as the threshold voltage of the liquid
crystal.

[0164] According to the foregoing configuration, the abso-
lute value of the potential difference between the middle
voltage level among the first to third voltage levels and the
highest voltage level among the first to third voltage levels is
twice or less as great as the threshold voltage of the liquid
crystal; that is, in this example, the absolute value of the
potential difference between the middle potential V'
among the potentials V', Vs,', and V ;" and the highest
potential V o' among the potentials V ~g,', V oo, and V og5' is
twice or less as great as the threshold voltage of the liquid
crystal. This makes it possible to prevent the orientation of the
liquid crystal from being affected, regardless of which of the
first to third voltage levels the rectangular voltage signal takes
on.

[0165] Therefore, according to the foregoing configura-
tion, in a normally black type in which the brightness is lower
in a case where the absolute value of a voltage that is applied
to the liquid crystal is smaller, a black display can be carried
out regardless of which of the first to third voltage levels the
rectangular voltage signal takes on.

[0166] (Example 3 of Operation of the Display Panel 1)
[0167] A third example of operation of the display panel 1
according to the present embodiment is described below with
reference to (a) through (d) of FIG. 7 and (a) through (d) of
FIG. 8.

[0168] First, a case where the source driver 12 supplies the
source bus line SL,, with a source signal #SL,,, corresponding
to a high tone is described with reference to (a) through (d) of
FIG. 7.

[0169] (a)of FIG. 7 is atiming chart showing an example of
a waveform of the source signal #SL,,, which is supplied to
the source bus line SL,,. As shown in (a) of FIG. 7, the
waveform of the source signal #SL, in this example of opera-
tion is described as being the same as the waveform of the
source signal #SL, shown in (a) of FIG. 3.

[0170] (b) of FIG. 7 is a timing chart showing a waveform
of the gate signal #GL,,, which is supplied to the gate bus line
GL,,. As shown in (b) of FIG. 7 the waveform of the gate
signal #GL,, in this example of operation is described as being
the same as the waveform of the gate signal #GL,, shown in (b)
of FIG. 3.

[0171] (c) of FIG. 7 is a timing chart showing the common
potential V., ,, which is supplied to the counter electrode
wire COML, and a potential V ., ,, that is applied to the pixel
electrode PE,, .

[0172] (d) of FIG. 7 is a timing chart showing a waveform
of'the auxiliary capacitor signal #CSL,,, which is supplied to
the auxiliary capacitor bus line CSL,,. As shown in (d) of FIG.
7, the auxiliary capacitor signal #CSL,, in this example of
operation s a signal that takes on a potential V., ", a potential
Veso', a potential V45", and a potential V.g," in a single
cycle composed of two consecutive vertical scanning periods
T,". More specifically, as shown in (d) of FIG. 7, the auxiliary
capacitor signal #CSL,, takes on the potential V ~," during a
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period T," in a single vertical scanning period T,", and takes
on the potential V ~g," during a period T,". Further, the aux-
iliary capacitor signal #CSL,, takes on the potential V g,"
during a period T;" in the ensuing vertical scanning period
T}, and takes on the potential V ., " during a period T,". It is
assumed that as shown in (d) of FIG. 7, specific values of the
potentials Vg,", V", Ve, and Vig," satisfy
Ves1"Ves:"Vesd"<Vess"  and Veg,"-Vig "<Vegs"-
Ve aswell as V"=V oo, "<V oe "=V, "

[0173] Asshownin(c)and (d) of FIG. 7, when the auxiliary
capacitor signal #CSL,, is at the lowest potential (potential
Vg™ and the gate signal #GL, is at a high level, the voltage
that is applied to the liquid crystal LC changes into a positive
polarity; and when the auxiliary capacitor signal #CSL,, is at
the highest potential (potential Vg") and the gate signal
#GL,, is at a high level, the voltage that is applied to the liquid
crystal LC changes into a negative polarity.

[0174] The following describes the operation of each of the
components in the pixel region P, of the display panel 1 in
this example of operation.

[0175] First, as shownin (b) of FIG. 7, the gate signal #GL,,
rises from a low level to a high level at the time t," and, after
a certain period of time has elapsed, falls to a low level. In a
period of time during which the gate signal #GL,, is at a high
level, the transistor M,, ,, is in a conducting state. When the
transistor M,, ,, is in a conducting state, the source signal
#SL,, is supplied to the pixel electrode PE,, ,, and the first
auxiliary capacitor electrode CE1,, . As shown in (¢) of FIG.
7, in a period from the time t;" to the time t,", the potential
V pgnm> Which is applied to the pixel electrode PE,, , rises
from a potential V," to a potential V,," (which is positive).
[0176] Further, the auxiliary capacitor signal #CSL,, rises
from the potential V g, " to the potential V ¢," at the time t,".
Accordingly, the potential V5, ,, of the pixel electrode PE,
changes from the potential V," to a potential V,". It should be
noted here that a specific value of the potential V" is defined
as:

V3"=(Vesy"Ves "X Cod 241"

Since Vg, "<V s," as mentioned above, the potential V5" is
greater than the potential V,,".

[0177] Then, the auxiliary capacitor signal #CSL,, rises
from the potential V .," to the potential V ¢;" at the time t,".
Accordingly, the potential V5, ,, of the pixel electrode PE,
changes from the potential V" to a potential V,,". It should be
noted here that a specific value of the potential V_," is defined

as:
Vy"=(Vesy"- Ve WX CogZ 4 V3"

Since V ,"<V 3" as mentioned above, the potential V" is
greater than the potential V;".

[0178] Further, as shown in (c) of FIG. 7, the potential
difference between the potential V" and the common poten-
tial V-, 1s greater than the potential difference between the
potential V3" and the common potential V ~,,. That is, the
transmittance of the liquid crystal LC in a period from the
time t;" to the time t," is greater than the transmittance of the
liquid crystal LC in a period from the time t," to the time t,".
That is, the brightness of the pixel region P, , in the period
from the time t;" to the time t," is greater than the brightness
of the pixel region P, in the period from the time t," to the
time t5".

[0179] Then, the gate signal #GL,, rises from a low level to
a high level at the time t," and, after a certain period of time
has elapsed, falls to a low level. In a period of time during
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which the gate signal #GL,, is at a high level, the transistor
M,, ,, is ina conducting state, so that the source signal #SL,,, is
supplied to the pixel electrode PE, ,, and the first auxiliary
capacitor electrode CE1,, .

[0180] As shown in (a) of FIG. 7, in a period from the time
t," to the time t5", the potential V., ,, which is applied to the
pixel electrode PE, ,, falls from the potential V,," to a poten-
tial V5" (which is negative).

[0181] Further, the auxiliary capacitor signal #CSL,, falls
from the potential V .g;" to the potential V ¢," at the time t5".
Accordingly, the potential V ,, , of the pixel electrode PE, ,
changes from the potential V5" to a potential V". It should be
noted here that a specific value of the potential V" is defined

as:
Ve'=(Vesa"=Vess")xCosg/Zc+VS™.

Since V ,"<V ;" as mentioned above, the potential V" is
smaller than the potential V4".
[0182] Then, the auxiliary capacitor signal #CSL,, falls
from the potential V. g," to the potential V ¢, " at the time t,".
Accordingly, the potential V .z, ,, of the pixel electrode PE,, ,
changes from the potential V" to the potential V". It should
be noted here that a specific value of the potential V" is
defined as:

V1"=(Vesi "= Vesa )% CogZc+ V"
Since V g, "<V s," as mentioned above, the potential V" is
smaller than the potential V J".
[0183] Further, as shown in (c¢) of FIG. 7, the potential
difference between the potential V" and the common poten-
tial V-, 1s greater than the potential difference between the
potential V" and the common potential V ,,. That is, the
transmittance of the liquid crystal LC in a period from the
time ts" to the time t," is greater than the transmittance of the
liquid crystal LC in a period from the time t5" to the time t¢".
That is, the brightness of the pixel region P, ,, in the period
from the time t5" to the time t," is greater than the brightness
of the pixel region P, in the period from the time t;" to the
time tg".
[0184] The operation at the time t," and later is the same as
the operation at the time t," and later.
[0185] The above example of operation has described a
case where the auxiliary capacitor signal #CSL,, rises from
the potential V ¢," to the potential V ," at the time t," and
the auxiliary capacitor signal #CSL,, falls from the potential
Vss" to the potential V.," at the time t5". However, more
generally, the auxiliary capacitor signal #CSL,, rises from the
potential V ., " to the potential V .q," before several horizon-
tal periods (period multiple times as long as a horizontal
period Th) have elapsed since the time t," and the auxiliary
capacitor signal #CSL,, falls from the potential V ~¢," to the
potential V" before several horizontal periods (period
multiple times as long as a horizontal period Th) have elapsed
since the time t4".
[0186] Further, according to this example of operation, in
the single scanning period (single vertical scanning period
T,"), the auxiliary capacitor driver 14 supplies the given
auxiliary capacitor bus line CSL,, with a rectangular voltage
signal in synchronization with the conducting signal, the
rectangular voltage signal being composed of the first voltage
level, the second voltage level, and a third voltage level that is
different from the first and second voltage levels, and in a
single scanning period subsequent to the single scanning
period (single vertical scanning period T,"), the auxiliary
capacitor driver 14 supplies the given auxiliary capacitor bus
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line CSL,, with a rectangular voltage signal (auxiliary capaci-
tor signal #CSL,) in synchronization with the conducting
signal, the rectangular voltage signal being composed of any
two of the first to third voltage levels and a fourth voltage level
that is different from the first to third voltage levels.

[0187] That is, according to this example of operation, in
the two consecutive vertical scanning periods, the auxiliary
capacitor driver 14 supplies a rectangular voltage signal (aux-
iliary capacitor signal #CSL,) composed of the potential
Vs " the potential V ..,", the potential V ., ", and the poten-
tial Vg,

[0188] Therefore, according to this example of operation,
in the single scanning period, the auxiliary capacitor driver 14
can supply the given auxiliary capacitor bus line with a rect-
angular voltage signal in synchronization with the conducting
signal, the rectangular voltage signal being composed of the
first voltage level, the second voltage level, and a third voltage
level that is different from the first and second voltage levels.
Therefore, in the single scanning period, the level of voltage
that is applied to the given auxiliary capacitor bus line
switches among three values. In other words, in the single
scanning period, the level of voltage that is applied to the
auxiliary capacitor bus line makes two transitions. The first
transition between the voltage levels in the single scanning
period causes a voltage that is applied to the liquid crystal
after the first transition between the voltage levels to be suit-
able for a display after the first transition between the voltage
levels, and the second transition between the voltage levels
allows switching between a high brightness and a low bright-
ness.

[0189] Therefore, the foregoing configuration makes a dis-
play at a higher brightness possible while effectively sup-
pressing the phenomenon of blurring of moving images.

[0190] Furthermore, the foregoing configuration makes it
possible, in a single scanning period subsequent to the single
scanning period, to supply a rectangular voltage signal com-
posed of any two of the first to third voltage levels and a fourth
voltage level that is different from the first to third voltage
levels. Therefore, as compared with a case where a rectangu-
lar voltage signal composed of the first to third voltage levels
is supplied in a single scanning period subsequent to the
single scanning period, the adjustment of brightness levels
between a high brightness and a low brightness can be more
flexibly carried out.

[0191] Therefore, the foregoing configuration makes a dis-
play at a high brightness possible while further effectively
suppressing the phenomenon of blurring of moving images.

[0192] Further, in the display panel according to the present
invention, the absolute value IV ,"-V "l of the potential
difference between the voltage level before a first transition
between the voltage levels in the single scanning period
(single vertical scanning period T,") and the voltage level
after the first transition is smaller than the absolute value
IV 53"V s, of the potential difference between the volt-
age level before a next transition between the voltage levels in
the single scanning period and the voltage level after the next
transition. It is assumed here that the symbol lal represents the
absolute value of a.

[0193] Therefore, in this example of operation, a change in
brightness of the pixel region P, ,, along with a transition
between the voltage levels of the auxiliary capacitor signal
#CSL,, at the time t;" can be made larger while maintaining
the effect of enhancing the brightness.
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[0194] Therefore, in this example of operation, the phe-
nomenon of blurring of moving images can be more effec-
tively suppressed. The same applies to the single vertical
scanning period T," from the time t5" to the time tg".

[0195] Next, a case where the source driver 12 supplies the
source bus line SL,, with a source signal #SL,,, corresponding
to a low tone is described with reference to (a) through (d) of
FIG. 8. It should be noted that overlaps with the foregoing
description are not described below.

[0196] (a)of FIG. 8is atiming chart showing an example of
a waveform of the source signal #SL,,,, which is supplied to
the source bus line SL,,. This waveform is the same as the
waveform of the source signal #SL.,, shown in (a) of FIG. 6.

[0197] (b) of FIG. 8 is a timing chart showing a waveform
of the gate signal #GL,,, which is supplied to the gate bus line
GL,,. As shown in (b) of FIG. 8, the waveform of the gate
signal #GL,, in this example of operation is described as being
the same as the waveform of the gate signal #GL,, shown in (b)
of FIG. 3.

[0198] (c) of FIG. 8 is a timing chart showing the common
potential V ., which is supplied to the counter electrode
wire COML, and a potential V ., ,, that is applied to the pixel
electrode PE, .

[0199] (d) of FIG. 8 is a timing chart showing a waveform
of'the auxiliary capacitor signal #CSL,,, which is supplied to
the auxiliary capacitor bus line CSL,,. The waveform shown
in (d) of FIG. 8 is the same as that shown in (d) of FIG. 6.

[0200] First, as shownin (b) of FIG. 8, the gate signal #GL,,
rises from a low level to a high level at the time t," and, after
a certain period of time has elapsed, falls to a low level. As
shown in (a) of FIG. 8, in the period from the time t," to the
time t,", the potential Vg, ., which is applied to the pixel
electrode PE falls from a potential V,," to a potential
Voo

[0201] Further, the auxiliary capacitor signal #CSL,, rises
from the potential V -, " to the potential V ¢," at the time t,".
Accordingly, the potential V .z, ,, of the pixel electrode PE,, ,,
changes from the potential V,", for example, to the potential
Vo™

[0202] Then, the auxiliary capacitor signal #CSL,, rises
from the potential V .," to the potential V ;" at the time t;".
Accordingly, the potential V., , of the pixel electrode PE, ,
changes from the potential V,," to a potential V;". It should
be noted here that a specific value of the potential V," is
defined as:

VOSHZ( VC53 - VCSZ”)X CCS/EC+ VO”'

n,ms

Since V ~5,"<V 53" as mentioned above, the potential V5" is
greater than the potential V,,".

[0203] Then, the gate signal #GL,, rises from a low level to
a high level at the time t," and, after a certain period of time
has elapsed, falls to a low level. As shown in (¢) of FIG. 8, in
the period from the time t," to the time t5", the potential
V pi,ms Which is applied to the pixel electrode PE, ,,, rises
from the potential V,;" to a potential V,".

[0204] Further, the auxiliary capacitor signal #CSL,, falls
from the potential V ;" to the potential V ¢," at the time t5".
Accordingly, the potential V ., ,, of the pixel electrode PE,, ,,
changes from the potential V,", for example, to the potential
Vs

[0205] Then, the auxiliary capacitor signal #CSL,, falls
from the potential V ~g," to the potential V ¢, " at the time t".
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Accordingly, the potential V 5,

y,m

ofthe pixel electrode PE,, ,
changes from the potential V,;", for example, to the potential
Vo™
[0206] The operation at the time t," and later is the same as
the operation at the time t," and later.

[0207] As shown in (c) of FIG. 8, the absolute value of the
potential difference between the potential V5, ,, of the pixel
electrode PE,, , and the common potential V., is always
kept substantially constant throughout all the periods. That is,
the transmittance of the liquid crystal LC of the pixel region
P, . can be kept substantially constant even in a case where
the value of the auxiliary capacitor signal #CSL,, is changed
as shown in (d) of FIG. 8.

[0208] Each of the above examples 1 to 3 of operation has
described a case where the brightness of the pixel region P, ,,
in the second half of a single vertical scanning period is
greater than the brightness of the pixel region P, ,, in the first
half of the single vertical scanning period. However, the
present invention is not to be limited to these examples. In the
following, examples 4 to 6 of operation, where the brightness
of the pixel region P, , in the second half of a single vertical
scanning period is smaller than the brightness of the pixel
region P, in the first half of the single vertical scanning
period, are described with reference to FIGS. 9 through 11.
[0209] According to this example of operation, in the single
scanning period single vertical scanning period T ", a polar-
ity of a voltage that is applied to the liquid crystal as repre-
sented by a difference between a potential of the pixel elec-
trode and a potential of the counter electrode after a first
transition between the voltage levels and a polarity of a volt-
age that is applied to the liquid crystal as represented by a
difference between a potential of the pixel electrode and the
potential of the counter electrode after a next transition
between the voltage levels are polarities that are different
from each other. That is, a voltage that is applied to the liquid
crystal as represented by a difference between the potential
V,," of the pixel electrode PE,, ,, and the potential V., of
the counter electrode when the auxiliary capacitor signal
#CSL,, is at the potential V .," and a voltage that is applied to
the liquid crystal as represented by a difference between the
potential V3" of the pixel electrode PE,, ,, and the potential
V conr of the counter electrode when the auxiliary capacitor
signal #CSL,, is at the potential V .," are opposite in polarity
to each other.

[0210] According to the foregoing configuration, regard-
less of whether after the first transition between the voltage
levels or after the next transition between the voltage levels in
the single scanning period, the absolute value of the voltage
that is applied to the liquid crystal can be made sufficiently
small.

[0211] Therefore, according to the foregoing configura-
tion, in a normally black type in which the brightness is lower
in a case where the absolute value of a voltage that is applied
to the liquid crystal is smaller, a black display can be carried
out at a sufficiently low brightness, regardless of whether
after the first transition between the voltage levels or after the
next transition between the voltage levels in the single scan-
ning period.

[0212] Further, according to this example of operation, it is
preferable that an absolute value of a potential difference
between the second lowest voltage level among the first to
fourth voltage levels and the highest voltage level among the
first to fourth voltage levels be twice or less as great as a
threshold voltage of the liquid crystal. That is, according to
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this example of operation, it is preferable that the absolute
value of the potential difference between the second lowest
potential V ," among the potentials V", Vs, Vess's
and V g," and the highest potential V ¢," among the poten-
tials Vg ", Vesa", Vess"s and V o, " be twice or less as great
as the threshold voltage of the liquid crystal.

[0213] According to the foregoing configuration, it is pref-
erable that the absolute value of the potential difference
between the second lowest voltage level among the first to
fourth voltage levels and the highest voltage level among the
first to fourth voltage levels be twice or less as great as the
threshold voltage of the liquid crystal. That is, according to
this example of operation, the absolute value of the potential
difference between the second lowest potential V .g," among
the potentials Vg,", Vo™, Vass " and V og," and the highest
potential V ;" among the potentials V ¢,", V", Vogs"s
and Vg," is twice or less as great as the threshold voltage of
the liquid crystal. This makes it possible to prevent the orien-
tation of the liquid crystal from being affected, regardless of
which of the third and fourth voltage levels the rectangular
voltage signal takes on.

[0214] Therefore, according to the foregoing configura-
tion, in a normally black type in which the brightness is lower
in a case where the absolute value of a voltage that is applied
to the liquid crystal is smaller, a black display can be carried
out regardless of which of the first to fourth voltage levels the
rectangular voltage signal takes on.

[0215] (Example 4 of Operation of the Display Panel 1)
[0216] A fourth example of operation of the display panel 1
according to the present embodiment is described below with
reference to (a) through (d) of FIG. 9.

[0217] (a) of FIG. 9is atiming chart showing an example of
a waveform of the source signal #SL,, which is supplied to
the source bus line SL,,. As shown in (a) of FIG. 9, the
waveform of the source signal #SL.,, in this example of opera-
tion is described as being substantially the same as the wave-
form of the source signal #SL,, shown in (a) of FIG. 3.
[0218] (b) of FIG. 9 is a timing chart showing a waveform
of'the gate signal #GL,,, which is supplied to the gate bus line
GL,,. As shown in (b) of FIG. 9, the waveform of the gate
signal #GL,, in this example of operation is described as being
the same as the waveform of the gate signal #GL,, shown in (b)
of FIG. 3.

[0219] (c) of FIG. 9 is a timing chart showing the common
potential V ., which is supplied to the counter electrode
wire COML, and a potential V., , that is applied to the pixel
electrode PE,, ..

[0220] (d) of FIG. 9 is a timing chart showing a waveform
of the auxiliary capacitor signal #CSL,,, which is supplied to
the auxiliary capacitor bus line CSL,,. As shown in (d) of FIG.
9, the auxiliary capacitor signal #CSL,, in this example of
operation is a signal that takes on a potential Vg, and a
potential V ¢, , ina single cycle composed of two consecutive
vertical scanning periods T, More specifically, as shown in
(d) of FIG. 9, the auxiliary capacitor signal #CSL,, takes on
the potential Vg,, during a period T,, in a single vertical
scanning period T, takes on the potential V ¢, ; from a time
1,5 to a time t,, in a period T, ,, and takes on the potential
Vs, fromthe timet, , to atimet, s in the period T, ,. Further,
the auxiliary capacitor signal #CSL,, takes on the potential
Vs during a period T 5 in the ensuing vertical scanning
period T, takes on the potential Vg, from a time t, 4 to a
timet,, in a period T ,, and takes on the potential V ., ; from
the timet, to a timet, 4 in the period T ,. It is assumed that as
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shown in (d) of FIG. 9, specific values of the potentials V g,
and V g, satisfy Vg 1<V g1 -

[0221] The following describes the operation of each of the
components in the pixel region P, ,, of the display panel 1 in
this example of operation.

[0222] First, as shownin (b) of FIG. 9, the gate signal #GL,,
rises from a low level to a high level at the time t,, and, after
a certain period of time has elapsed, falls to a low level. In a
period of time during which the gate signal #GL,, is at a high
level, the transistor M,, ,, is in a conducting state. When the
transistor M,, ,, is in a conducting state, the source signal
#SL,, is supplied to the pixel electrode PE, ,, and the first
auxiliary capacitor electrode CEL,, .. As shown in (c) of FIG.
9, in a period from the time t,, to the time t,,, the potential
V pinms Which is applied to the pixel electrode PE, ,,, rises
from a potential V, to a potential V,, (which is positive).
[0223] Further, the auxiliary capacitor signal #CSL,, rises
from the potential V g, , to the potential V ., , at the time 't ,.
Accordingly, the potential V., , ofthe pixel electrode PE,,
changes from the potential V, to a potential V5. It should be
noted here that a specific value of the potential V, 5 is defined
as:

Vis=(Vesio=Vesi*CosZet V1o

Since V g, ; <V c51, as mentioned above, the potential V5 is
greater than the potential V.

[0224] Then, the auxiliary capacitor signal #CSL,, falls
from the potential V g, , to the potential V ., at the timet, ;.
Accordingly, the potential V 5, ,, of the pixel electrode PE,, ,
changes from the potential V5 to the potential V.

[0225] Further, as shown in (¢) of FIG. 9, the potential
difference between the potential V, ; and the common poten-
tial Vo oa,1s greater than the potential difference between the
potential V,, and the common potential V. That is, the
transmittance of the liquid crystal LC in a period from the
timet,, to the time t, ; is greater than the transmittance of the
liquid crystal LC in a period from the time t, 5 to the time t, ,.
That is, the brightness of the pixel region P, , in the period
from the time t,, to the time t, is greater than the brightness
of the pixel region P, , in the period from the time t,; to the
time t,,.

[0226] Then, the gate signal #GL,, rises from a low level to
a high level at the time t, , and, after a certain period of time
has elapsed, falls to a low level. In a period of time during
which the gate signal #GL,, is at a high level, the transistor
M,, ,, is in a conducting state, and the source signal #SL,, is
supplied to the pixel electrode PE,, ,, and the first auxiliary
capacitor electrode CE1, . Further, the auxiliary capacitor
signal #CSL,, rises from the potential V ~¢,, to the potential
Vg1 atthe time t .

[0227] Asshownin (a) of FIG.9, inthe period from the time
t,4 to the time t, 5, the potential V o, ,,, Which is applied to the
pixel electrode PE, , falls from the potential V,,, for
example, to the potential V ;.

[0228] Further, the auxiliary capacitor signal #CSL,, falls
from the potential V g, , to the potential V ¢, , at the time t, 5.
Accordingly, the potential V., ,, of the pixel electrode PE, ,
changes from the potential V,, to a potential V . It should be
noted here that a specific value of the potential V, , is defined
as:

V14:( VCSll_ VCSIZ)XCCS/ZC+ Vll‘

Since V g, ; <V cs1, as mentioned above, the potential V4 is
smaller than the potential V.
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[0229] Then, the auxiliary capacitor signal #CSL,, rises
from the potential V o, ; to the potential V ., , at the time t, 4.
Accordingly, the potential V .z, ,, of the pixel electrode PE,
changes from the potential V|, to the potential V.

[0230] As shown in (¢) of FIG. 9, the potential difference
between the potential V, , and the common potential V ., ,1s
greater than the potential difference between the potential V|
and the common potential V ., Thatis, the transmittance of
the liquid crystal LC in a period from the time t, 5 to the time
t, ¢ 1s greater than the transmittance of the liquid crystal LC in
a period from the time t, 4 to the time t,,. That is, the bright-
ness of the pixel region P, ,, in the period from the time t, 5 to
the time t, 4 is greater than the brightness of the pixel region
P, . in the period from the time t, ; to the time t, ;.

[0231] Then, the gate signal #GL,, rises from a low level to
a high level at the time t,, and, after a certain period of time
has elapsed, falls to a low level. Further, the auxiliary capaci-
tor signal #CSL,, falls from the potential V g, , to the potential
V11~ The operation at the time t, , and later is the same as the
operation at the time t;; and later.

[0232] The above example of operation has described a
case where the auxiliary capacitor signal #CSL,, rises from
the potential V4, ; to the potential V ., , at the time t,, and
the auxiliary capacitor signal #CSL,, falls from the potential
Vo515 to the potential Vg, at the time t;5. However, more
generally, the auxiliary capacitor signal #CSL,, rises from the
potential V ., , to the potential Vg, , before several horizon-
tal periods (period multiple times as long as a horizontal
period Th) have elapsed since the time t,, and the auxiliary
capacitor signal #CSL,, falls from the potential V g, to the
potential V ., before several horizontal periods (period mul-
tiple times as long as a horizontal period Th) have elapsed
since the time t.

[0233] Further, the above example of operation has
described a case where the auxiliary capacitor signal #CSL,,
rises from the potential Vg, to the potential Vg, , at the
time t,,. However, more generally, the auxiliary capacitor
signal #CSL,, rises from the potential V ¢, to the potential
V g1, in a period from the time t, 5 to the time t, .

[0234] As in this example of operation, the display panel 1
according to the present invention can also cause a change in
brightness of the pixel region P, inasingle vertical scanning
period by supplying the auxiliary capacitor signal #CSL,, in
such a way that the brightness of the pixel region P, , in the
second half ofa single vertical scanning period is smaller than
the brightness of the pixel region P, , in the first half of the
single vertical scanning period.

[0235] Therefore, in this example of operation, too, the
phenomenon of blurring of moving images can be sup-
pressed.

[0236] (Example 5 of Operation of the Display Panel 1)
[0237] A fifth example of operation of the display panel 1
according to the present embodiment is described below with
reference to (a) through (d) of FIG. 10.

[0238] (a) of FIG. 10 is a timing chart showing an example
of a waveform of the source signal #SL.,,, which is supplied to
the source bus line SL,,. As shown in (a) of FIG. 10, the
waveform of the source signal #SL.,, in this example of opera-
tion is described as being substantially the same as the wave-
form of the source signal #SL,, shown in (a) of FIG. 3.
[0239] (b) of FIG. 10 is a timing chart showing a waveform
of the gate signal #GL,,, which is supplied to the gate bus line
GL,,. As shown in (b) of FIG. 10, the waveform of the gate
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signal #GL,, in this example of operation is described as being
substantially the same as the waveform of the gate signal
#GL,, shown in (b) of FIG. 3.
[0240] (c) of FIG. 10 is a timing chart showing the common
potential V coap Which is supplied to the counter electrode
wire COML, and a potential V., , that is applied to the pixel
electrode PE,
[0241] (d) of FIG 10 is a timing chart showing a waveform
of the auxiliary capacitor signal #CSL,, which is supplied to
the auxiliary capacitor bus line CSLn.As shown in (d) of FIG.
10, the auxiliary capacitor signal #CSL,, in this example of
operation is a signal that takes on a potential V g, ,', a poten-
tial Vg, ,', and a potential V., ;' in a single cycle composed
of two consecutive vertical scanning periods T,'. More spe-
cifically, as shown in (d) of FIG. 10, the auxiliary capacitor
signal #CSL,, takes on the potential V., ,' during a period
T,," in a single vertical scanning period T/, takes on the
potential V., ;' from atime t,;' to atimet, ' inaperiod T ',
and takes on the potential V g, ,' from the time t,,' to a time
t,5" in the period T, ,". Further, the auxiliary capacitor signal
#CSL,, takes onthe potential V ., ,' during a period T ;' in the
ensuing vertical scanning period T/, takes on the potential
Vg5 fromatimet, J/toatimet,,' inaperiod T, ', and takes
on the potential V g, ;' from the time t,,' to a time t, ¢’ in the
period T . It is assumed that as shown in (d) of FIG. 10,
specific values of the potentials Vq,'s Vgio's and Vg 5!
satisfy Vs "Vesis<Vesio's
[0242] The following describes the operation of each of the
components in the pixel region P, ,, of the display panel 1 in
this example of operation.
[0243] First, as shown in (b) of FIG. 10, the gate signal
#GL,, rises from a low level to a high level at the time t,,' and,
after a certain period of time has elapsed, falls to a low level.
In a period of time during which the gate signal #GL,, is at a
high level, the transistor M,, ,,,, is in a conducting state. When
the transistor M,, ,, is in a conducting state, the source signal
#SL,, is supplied to the pixel electrode PE, ,, and the first
auxiliary capacitor electrode CE1,, . As shown in (a) of FIG.
10, in a period from the time t, ' to the time t, ', the potential
V pgnm» Which is applied to the pixel electrode PE, ,,, rises
from a potential V,,' to a potential V' (which is positive).
[0244] Further, the auxiliary capacitor signal #CSL,, rises
from the potential V q,,' to the potential Vg, ,' at the time
t,,". Accordingly, the potential V., ,, of the pixel electrode
PE,, ,, changes from the potential V1 ,' to a potential V,;'. It
should be noted here that a specific value of the potential V ;'
is defined as:

Vis=(Vesn=Vest X Cos/Zet Vo'

SinceV g ,'<V ~5;,' as mentioned above, the potential V ;' is
greater than the potential V,'".

[0245] Then, the auxiliary capacitor signal #CSL,, falls
from the potential V' to the potential Vg, ;' at the time
t;5". Accordingly, the potential Vpp,, m of the pixel electrode
PE,, ,, changes from the potential V1 5 to a potential V. It
should be noted here that a specific value of the potential V'
is defined as:

V14|:(VC513 - VCSl2|)XCCS/2C+ V13"
SinceV qq15'<V g,,' as mentioned above, the potential V' is
smaller than the potential V ;'
[0246] As shown in (¢) of FIG. 10, the potential difference
between the potential V| ;' and the common potential V ~,,,1s
greater than the potential difference between the potential
V.. and the common potential V ~,,. That is, the transmit-
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tance of the liquid crystal LC in a period from the time t,,' to
the time t,' is greater than the transmittance of the liquid
crystal LC in a period from the time t, ;' to the time t,,'. That
is, the brightness of the pixel region P, , in the period from
thetimet, ' to the timet, ;' is greater than the brightness of the
pixel region P, in the period from the time t,,' to the time
t,.

[0247] Then, the gate signal #GL,, rises from a low level to
a high level at the time t,,' and, after a certain period of time
has elapsed, falls to a low level. In a period of time during
which the gate signal #GL,, is at a high level, the transistor
M, is in a conducting state, and the source signal #SL,,, is
supplied to the pixel electrode PE, ,, and the first auxiliary
capacitor electrode CE1,, . Further, the auxiliary capacitor
signal #CSL,, rises from the potential V g, ;' to the potential
Vg, atthe timet, .

[0248] As shown in (¢) of FIG. 10, in the period from the
timet, ' to the time t, §', the potential V,, ,,, which is applied
to the pixel electrode PE,, , falls from the potential V, ;' to a
potential V' (which is negative).

[0249] Further, the auxiliary capacitor signal #CSL,, falls
from the potential Vg,,' to the potential Vg, ," at the time
t;5'. Accordingly, the potential Vpp,, n of the pixel electrode
PE,, ,, changes from the potential V1 5 to a potential V, /. It
shou]d be noted here that a specific value of the potential V| '
is defined as:

V[GI:(VCSII - VCSI2I)XCCS/2C+ V15"

Since V q11'<V 51" @s mentioned above, the potential V' is
smaller than the potential V5'.
[0250] Then, the auxiliary capacitor signal #CSL,, rises
from the potential V ~q,' to the potential V' at the time
16 . Accordingly, the potential V., ,, of the pixel electrode
.,m Changes from the potential V16 to the potential V.
[0251] As shown in (¢) of FIG. 10, the potential difference
between the potential V, /' and the common potential V ., ,is
greater than the potential difference between the potential
V,," and the common potential V,,,. That is, the transmit-
tance of the liquid crystal LC in a period from the time t, 5' to
the time t, ' is greater than the transmittance of the liquid
crystal LC in a period from the time t, ;' to the time t, . That
is, the brightness of the plxel region P, , in the period from
thetimet 1 s tothetimet, /' is greater than the brightness of the
pixel region P, e in the period from the time t, ' to the time
5.
[0252] Then, the gate signal #GL,, rises from a low level to
a high level at the time t,,' and, after a certain period of time
has elapsed, falls to a low level. Further, the auxiliary capaci-
tor signal #CSL,,, falls from the potential V ~,,' to the poten-
tial V gy, The operation at the time t, ;' and later is the same
as the operation at the time t, ;' and later.
[0253] The above example of operation has described a
case where the auxiliary capacitor signal #CSL,, rises from
the potential V ., ;" to the potential V ., ,' at the time t,," and
the auxiliary capacitor signal #CSL,, falls from the potential
V cs12' to the potential Vg, " at the time t, 5'. However, more
generally, the auxiliary capacitor signal #CSL,, rises from the
potential Vg, ,' to the potential Vg, ,' before several hori-
zontal periods (period multiple times as long as a horizontal
period Th) have elapsed since the time t,,' and the auxiliary
capacitor signal #CSL,, falls from the potential V ., ,' to the
potential Vg, ,' before several horizontal periods (period
multiple times as long as a horizontal period Th) have elapsed
since the time t,5'".
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[0254] Further, the above example of operation has
described a case where the auxiliary capacitor signal #CSL,,
rises from the potential V ;' to the potential V., ' at the
time t,,'. However, more generally, the auxiliary capacitor
signal #CSL,, rises from the potential Vg, ;' to the potential
Vs in a period from the time t,,' to the time t, 5.

[0255] As in this example of operation, the display panel 1
according to the present invention can also cause a change in
brightness of the pixel region P, ,, in a single vertical scanning
period by supplying the auxiliary capacitor signal #CSL,, in
such a way that the brightness of the pixel region P, ,, in the
second halfofa single vertical scanning period is smaller than
the brightness of the pixel region P, ,, in the first half of the
single vertical scanning period.

[0256] Therefore, in this example of operation, too, the
phenomenon of blurring of moving images can be sup-
pressed. Further, in this example of operation, the auxiliary
capacitor signal #CSL,, takes on a three-valued voltage level.
Therefore, as compared with the example 4 of operation
described above, a display at a high brightness can be carried
out while maintaining the effect of suppressing the phenom-
enon of blurring of moving images.

[0257] (Example 6 of Operation of the Display Panel 1)

[0258] A sixth example of operation of the display panel 1
according to the present embodiment is described below with
reference to (a) through (d) of FIG. 11.

[0259] (a) of FIG. 11 is a timing chart showing an example
of'a waveform of the source signal #SL.,,,, which is supplied to
the source bus line SL,,. As shown in (a) of FIG. 11, the
waveform of the source signal #SL.,, in this example of opera-
tion is described as being substantially the same as the wave-
form of the source signal #SL,, shown in (a) of FIG. 3.

[0260] (b) of FIG. 11 is a timing chart showing a waveform
of the gate signal #GL,,, which is supplied to the gate bus line
GL,,. As shown in (b) of FIG. 11, the waveform of the gate
signal #GL,, in this example of operation is described as being
substantially the same as the waveform of the gate signal
#GL,, shown in (b) of FIG. 3.

[0261] (c) of FIG. 11 is a timing chart showing the common
potential V,,,, which is supplied to the counter electrode
wire COML, and a potential V z,, ,, that is applied to the pixel
electrode PE,, .

[0262] (d)of FIG. 11 is a timing chart showing a waveform
of the auxiliary capacitor signal #CSL,,, which is supplied to
the auxiliary capacitor bus line CSL,,. As shown in (d) of FIG.
11, the auxiliary capacitor signal #CSL,, in this example of
operation is a signal that takes on a potential V g, ,", a poten-
tial Vg,,", a potential V ¢,5", and a potential Vg,," in a
single cycle composed of two consecutive vertical scanning
periods T ,". More specifically, as shown in (d) of FIG. 11, the
auxiliary capacitor signal #CSL,, takes on the potential V g, ,'
during a period T ," in a single vertical scanning period T ",
takes on the potential V g, ;" from a time t, ;" to atime t;," in
aperiod T,,", and takes on the potential V ¢, ," from the time
t,," to a time t,5" in the period T,,". Further, the auxiliary
capacitor signal #CSL,, takes on the potential V ¢, " during a
period T, ;" in the ensuing vertical scanning period T ", takes
on the potential V ¢,," from a time t," to a time t,," in a
period T, ,", and takes on the potential V ¢, ," from the time
t,;" to a time t,; 3" in the period T,,". It is assumed that as
shown in (d) of FIG. 11, specific values of the potentials
Vesii™s  Vesia"s Vesiz"s  and satisfy
Vesi"Vesia"Vesia"<Vesin"

"
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[0263] The following describes the operation of each of the
components in the pixel region P, , of the display panel 1 in
this example of operation.

[0264] First, as shown in (b) of FIG. 11, the gate signal
#GL,, rises from a low level to a high level at the timet, ;" and,
after a certain period of time has elapsed, falls to a low level.
In a period of time during which the gate signal #GL,, is at a
high level, the transistor M, , is in a conducting state. When
the transistor M,, , is in a conducting state, the source signal
#SL,, is supplied to the pixel electrode PE, ,, and the first
auxiliary capacitor electrode CE1, . As shown in (¢) of FIG.
11, in a period from the time t;, " to the time t, ,", the potential
V pims Which is applied to the pixel electrode PE,, ,,, rises
from a potential V" to a potential V" (which is positive).
[0265] Further, the auxiliary capacitor signal #CSL,, rises
from the potential V g, ;" to the potential V g, ," at the time
t;,". Accordingly, the potential V,, ,, of the pixel electrode
PE,, ,, changes from the potential V,," to a potential V,;". It
should be noted here that a specific value of the potential V3"
is defined as:

Vi3"=(Vesin"™Vesi "X CedZet Vi

Since Vg, "<V ~g1," as mentioned above, the potential V5"
is greater than the potential V,".

[0266] Then, the auxiliary capacitor signal #CSL,, falls
from the potential V g, ," to the potential V ., ;" at the time
t,5". Accordingly, the potential V 5, ,, of the pixel electrode
PE,, ,, changes from the potential V5" to a potential V, ,". Tt
should be noted here that a specific value of the potential V, ,"
is defined as:

Via"=(Vesi3" Vesio" X CodZetVis".

Since V ¢, 5"<V g, ," as mentioned above, the potential V, ,"
is smaller than the potential V,;".

[0267] As shown in (c) of FIG. 11, the potential difference
between the potential V, ;" and the common potential V ., 18
greater than the potential difference between the potential
V,," and the common potential V ~,,. That is, the transmit-
tance of the liquid crystal LC in a period from the time t;," to
the time t,;" is greater than the transmittance of the liquid
crystal LC in a period from the time t, ;" to the time t,,". That
is, the brightness of the pixel region P, ,, in the period from
the time t,," to the time t,;" is greater than the brightness of
the pixel region P, , in the period from the time t,5" to the
timet,,".

[0268] Then, the gate signal #GL,, rises from a low level to
a high level at the time t, ," and, after a certain period of time
has elapsed, falls to a low level. In a period of time during
which the gate signal #GL,, is at a high level, the transistor
M, is in a conducting state, and the source signal #SL,, is
supplied to the pixel electrode PE, ,, and the first auxiliary
capacitor electrode CE1,, .. Further, the auxiliary capacitor
signal #CSL,, rises from the potential V ., ;" to the potential
V1o at the time t, "

[0269] As shown in (a) of FIG. 11, in the period from the
time t,," to the time t,5", the potential Vg, ,,, Which is
applied to the pixel electrode PE,, ,,, falls from the potential
V,." to a potential V5" (which is negative).

[0270] Further, the auxiliary capacitor signal #CSL,, falls
from the potential V g, ," to the potential V g, ," at the time
t;5". Accordingly, the potential V,, ,, of the pixel electrode
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PE,, ,, changes from the potential V5" to a potential V, ¢". It
should be noted here that a specific value of the potential V, ;"
is defined as:

Vie"=(Vesi " Vesi" X Cos/ZctVis'

Since Vg, "<V g1," as mentioned above, the potential V"
is smaller than the potential V,".

[0271] Then, the auxiliary capacitor signal #CSL,, rises
from the potential Vg, ," to the potential V ¢,," at the time
t,6". Accordingly, the potential V., , of the pixel electrode
PE,, ,, changes from the potential V4" to a potential V ,". It
should be noted here that a specific value of the potential V, "
is defined as:

Vi7"=(Vesia"™Vesi"WCosZctVi6"

Since Vg, "<V 514" as mentioned above, the potential V"
is greater than the potential V"

[0272] As shown in (c) of FIG. 11, the potential difference
between the potential V| ;" and the common potential V 18
greater than the potential difference between the potential
V,," and the common potential V. That is, the transmit-
tance of the liquid crystal LC in a period from the time t, 5" to
the time t, " is greater than the transmittance of the liquid
crystal LC in a period from the time t, ;" to the time t, ,"". That
is, the brightness of the pixel region P, , in the period from
the time t, " to the time t, ;" is greater than the brightness of
the pixel region P, ,, in the period from the time t,4" to the
time t,,".

[0273] Then, the gate signal #GL,, rises from a low level to
a high level at the time t, ;" and, after a certain period of time
has elapsed, falls to a low level. Further, the auxiliary capaci-
tor signal #CSL,, falls from the potential V g, ," to the poten-
tial Vg, ,". The operation at the time t, ," and later is the same
as the operation at the time t, ;" and later.

[0274] The above example of operation has described a
case where the auxiliary capacitor signal #CSL,, rises from
the potential V ,," to the potential Vg, ," at the time t,,"
and the auxiliary capacitor signal #CSL,, falls from the poten-
tial V ~4;," to the potential Vg, ;" at the time t,5". However,
more generally, the auxiliary capacitor signal #CSL,, rises
from the potential V ¢ ," to the potential V ., ," before sev-
eral horizontal periods (period multiple times as long as a
horizontal period Th) have elapsed since the time t,," and the
auxiliary capacitor signal #CSL,, falls from the potential
V cs15" to the potential V g, ;" before several horizontal peri-
ods (period multiple times as long as a horizontal period Th)
have elapsed since the time t,5".

[0275] Further, the above example of operation has
described a case where the auxiliary capacitor signal #CSL,,
rises from the potential V ., ;" to the potential V¢, ," at the
time t,,". However, more generally, the auxiliary capacitor
signal #CSL,, rises from the potential V ., ;" to the potential
V515" in a period from the time t, ;" to the time t,5".

[0276] As in this example of operation, the display panel 1
according to the present invention can also cause a change in
brightness of the pixel region P, ,, in a single vertical scanning
period by supplying the auxiliary capacitor signal #CSL,, in
such a way that the brightness of the pixel region P, ,, in the
second halfofa single vertical scanning period is smaller than
the brightness of the pixel region P, ,, in the first half of the
single vertical scanning period.

[0277] Therefore, in this example of operation, too, the
phenomenon of blurring of moving images can be sup-
pressed. Further, in this example of operation, the auxiliary
capacitor signal #CSL,, takes on a four-valued voltage level.
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Therefore, as compared with the examples 4 and 5 of opera-
tion, a display at a higher brightness can be carried out, and
the phenomenon of blurring of moving images can be more
effectively suppressed.

[0278] The above examples 1 to 6 of operation have been
described by taking, as an example, the gate signal #GLn that
is supplied to the nth gate bus line GL,, and the auxiliary
capacitor signal #CSL,, that is supplied to the nth auxiliary
capacitor bus line CSL,,. However, the same applies to a gate
signal #GL,, that is supplied to a gate bus line GL,, (p=n) other
than the nth gate bus line and a auxiliary capacitor signal
#CSL,, that is supplied to an auxiliary capacitor bus line CSL,,
(p=n) other than the nth auxiliary capacitor bus line.

[0279] Further, the auxiliary capacitor driver 14 in the dis-
play panel 1 according to the present invention supplies the
nth auxiliary capacitor bus line CSL, with the auxiliary
capacitor signal #CSL,, in synchronization with the gate sig-
nal #GL,,.

[0280] Furthermore, in a case where such a polarity rever-
sal signal as that mentioned above is applied to the pixel
electrode PE, , i.e., in a case where the potential V., ,, of
the pixel electrode PE,, , reverses its polarity with respect to
the voltage V ., of the counter electrode every single hori-
zontal scanning period, the auxiliary capacitor driver 14 sup-
plies an auxiliary capacitor signal #CSL,,, | in such a way that
the auxiliary capacitor signal #CSL,,, has its polarity
reversed with respect to the polarity of the auxiliary capacitor
signal #CSL,,.

[0281] (a) of FIG. 12 is a timing chart showing examples of
waveforms of gate signals #GL,, to #GL,,, ; that are supplied
to the gate bus lines GL,, to GL,,, 5, respectively. (b) of FIG. 12
is a timing chart showing examples of waveforms of auxiliary
capacitor signals #CSL,, to #CSL, , , that are supplied to the
auxiliary capacitor bus lines CSL,, to CSL,,, 5, respectively, in
the example 1 of operation described above. (¢) of FIG. 12 is
a timing chart showing examples of waveforms of auxiliary
capacitor signals #CSL,, to #CSL,,, ; that are supplied to the
auxiliary capacitor bus lines CSL,, to CSL,,, 5, respectively, in
the example 2 of operation described above.

[0282] Inacase where as in the example 1 of operation, the
potential level of an auxiliary capacitor signal during a selec-
tion period switches between the highest and lowest potential
levels among a plurality of potential levels every single hori-
zontal line period, i.e., in the case of line reversal driving, as
shown in (b) and (¢) of FIG. 12, the auxiliary capacitor driver
14 supplies the auxiliary capacitor signal #CSL,,,, in such a
way that the auxiliary capacitor signal #CSL, ., has its polar-
ity reversed with respect to the polarity of the auxiliary
capacitor signal #CSL,,.

[0283] Further, as shown in (b) and (c) of FIG. 12, the
auxiliary capacitor driver 14 supplies the auxiliary capacitor
bus line CSL,, with the auxiliary capacitor signals #CSL,, to
#CSL,,, 5 in synchronization with the gate signals #GL,, to
#GL,,, 5, respectively.

[0284] Further, the same applies to the other gate signal
#GL, (q=n-1, q=n+4) and the other auxiliary capacitor sig-
nal #CSL, (q=n-1, q=n+4).

[0285] In a case where the potential level of an auxiliary
capacitor signal during a selection period switches between
the highest and lowest potential levels among a plurality of
potential levels every plural horizontal line periods, it is pref-
erable the auxiliary capacitor driver 14 be configured to sup-
ply an auxiliary capacitor signal having its polarity reversed
every plural auxiliary capacitor bus lines.
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[0286] (Example 7 of Operation of the Display Panel 1)
[0287] The examples 1 to 6 of operation described above
have been described by taking, as an example, a case where
the auxiliary capacitor driver 14 supplies the plurality of
auxiliary capacitor bus line CSL, to CSL,, with the auxiliary
capacitor signals #CSL, to #CSL,, respectively, in sequence
every horizontal scanning period Th, i.e., a case where there
is a phase difference corresponding to the length of a hori-
zontal scanning period Th between the auxiliary capacitor
signal #CSL,, and the auxiliary capacitor signal #CSL,,, .
However, the present invention is not to be limited to such an
example.

[0288] A seventh example of operation of the display panel
1 according to the present embodiment is described below
with reference to (a) and (b) of FIG. 13. Further, this example
of operation is described by taking, as an example, a case
where the potential level of an auxiliary capacitor signal
during a selection period switches between the highest and
lowest potential levels among a plurality of potential levels
every two horizontal line periods.

[0289] (a) of FIG. 13 is a timing chart showing examples of
waveforms of gate signals #GL,, to #GL,,, 5 that are supplied
to the gate bus lines GL,, to GL, . 5, respectively. (b) of FIG. 13
is a timing chart showing examples of waveforms of auxiliary
capacitor signals #CSL,, to #CSL,,, ; that are supplied to the
auxiliary capacitor bus lines CSL,, to CSL, , ;, respectively, in
this example of operation.

[0290] As shown in (b) FIG. 13, the auxiliary capacitor
driver supplies the auxiliary capacitor bus lines CSL,, and
CSL,,,; with the auxiliary capacitor signals #CSL,, and
#CSL,,, |, which are in phase with each other. In other words,
the auxiliary capacitor driver 14 supplies a pair of two adja-
cent auxiliary capacitor bus lines with a common auxiliary
capacitor signal.

[0291] Thus, in this example of operation, the auxiliary
capacitor driver 14 synchronously supplies the rectangular
voltage signal (auxiliary capacitor signals #CSL, and #CSL,,,
1) to the auxiliary capacitor bus line CSL, connected via the
transistor M,, ,, and the capacitor C,, ,, to the nth gate bus line
GL,, of the plurality of gate bus lines GL, to GL,, and to the
auxiliary capacitor bus line CSL,, ,, connected via the transis-
tor M,,,, ,, and the capacitor C,_, ,, to the (n+1)th gate bus
line GL,,, , of the plurality of gate bus lines GL, to GL,.
[0292] As a configuration to supply a pair of auxiliary
capacitor bus lines with a common auxiliary capacitor signal,
for example, it is only necessary to generate the auxiliary
capacitor signals #CSL,, and #CSL,,, | by using identical sig-
nal generating means in the auxiliary capacitor driver 14, and
to supply the auxiliary capacitor signals #CSL,, and #CSL,
to the auxiliary capacitor bus lines CSL,, and CSL
tively.

[0293] Therefore, in this example of operation, the phe-
nomenon of blurring of moving images can be suppressed by
the auxiliary capacitor driver 14 of a simpler configuration.
[0294] Further, the display panel according to the present
invention may be configured such that the auxiliary capacitor
driver 14 synchronously supplies the rectangular voltage sig-
nal (auxiliary capacitor signals #CSL,, and #CSL, ,,) to the
auxiliary capacitor bus line CSL,, connected via the transistor
M,, ,, and the capacitor C,, , to the nth gate bus line GL,, of the
plurality of gate bus lines GL, to GL,, and to the auxiliary
capacitor bus line CSL,,, , connected via the transistor M, , 5 ,,
and the capacitor C,,, , ,,, to the (n+2)th gate bus line GL,,, , of
the plurality of gate bus lines GL, to GL,.

n+3°

n+1

respec-

n+1°
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[0295] According to the foregoing configuration, the aux-
iliary capacitor driver 14 of a simpler configuration brings
about a further effect of making it possible to suppress the
phenomenon of blurring of moving images while suppressing
the occurrence of flickers and streaks corresponding to polar-
ity reversal.

[0296] Further, the auxiliary capacitor driver 14 may be
configured to supply a set of three or more adjacent auxiliary
capacitor bus lines with a common auxiliary capacitor signal.
[0297] As described above in the examples 1 to 7 of opera-
tion, in a single vertical scanning period, the display panel 1
according to the present invention supplies the auxiliary
capacitor bus lines CSL,, to CSL,, with the rectangular auxil-
iary capacitor signals #CSL, to #CSL,, each composed of a
plurality of voltage levels, thereby making it possible to set
up, in the single vertical scanning period, a period during
which the brightness of the pixel region P,, ,, is relatively high
(such aperiod being hereinafter referred to as “bright period™)
and a period during which the brightness of the pixel region
P, . 1s relatively low (such a period being hereinafter referred
to as “dark period”).

[0298] Further, the existence of such bright and dark peri-
ods in a single vertical scanning period can suppress blurring
of' images that are displayed on the display panel 1.

[0299] Further, the length of such a bright period and the
length of such a dark period in a single vertical scanning
period can be adjusted by changing the duty ratio of an aux-
iliary capacitor signal #CSL,, that is supplied by the auxiliary
capacitor driver 14.

[0300] TItshould be noted here that in a single vertical scan-
ning period immediately after the potential level of an auxil-
iary capacitor signal #CSL,, during a selection period takes on
the lowest potential level among a plurality of potential levels,
the duty ratio of the auxiliary capacitor signal #CSL,, means
the proportion of a period during which the voltage level of
the auxiliary capacitor signal #CSL,, takes on the highest
voltage level among the plurality of voltage levels in the
single vertical scanning period, and that in a single vertical
scanning period immediately after the potential level of an
auxiliary capacitor signal #CSL,, during a selection period
takes on the highest potential level among a plurality of poten-
tial levels, the duty ratio of the auxiliary capacitor signal
#CSL,, means the proportion of a period during which the
voltage level of the auxiliary capacitor signal #CSL,, takes on
the lowest voltage level among the plurality of voltage levels
in the single vertical scanning period.

[0301] (c) of FIG. 14 shows a waveform of the auxiliary
capacitor signal #CSL,, shown in (d) of FIG. 5, the auxiliary
capacitor signal #CSL,, being set so that the duty ratio is
approximately 90%.

[0302] As shown in (¢) of FIG. 14, a period TD during
which the voltage level of the auxiliary capacitor signal
#CSL,, is relatively low occupies approximately 10% of a
single vertical scanning period T/, and a period Ty during
which the voltage level of the auxiliary capacitor signal
#CSL,, is relatively high occupies approximately 90% of the
single vertical scanning period T ;. Further, the single vertical
scanning period T,' shown in (c) of FIG. 14 is a vertical
scanning period immediately after a potential of a positive
polarity has been applied to the pixel electrode PE,, . There-
fore, the duty ratio of the auxiliary capacitor signal #CSL,, is
approximately 90%.

[0303] As shown in (b) of FIG. 14, the potential difference
between the potential V 5y, ,, of the pixel electrode PE,, ,, and

n,m
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the supply potential V ., during the period TD is smaller
than the potential difference between the potential V., ,, of
the pixel electrode PE,, ,, and the supply potential V ., dur-
ing the period Ty. Therefore, the period TD corresponds to a
dark period, and the period T corresponds to a bright period.
In other words, the supply of the auxiliary capacitor signal
#CSL,, set so that the duty ratio is approximately 90% causes
approximately 90% of a single vertical scanning period to be

a bright period and the rest 10% to be a dark period.

[0304] (c) of FIG. 15 shows a waveform of the auxiliary
capacitor signal #CSL,, shown in (d) of FIG. 5, the auxiliary
capacitor signal #CSL,, being set so that the duty ratio is
approximately 10%.

[0305] As shown in (¢) of FIG. 15, a period TD during
which the voltage level of the auxiliary capacitor signal
#CSL,, is relatively low occupies approximately 90% of a
single vertical scanning period T,', and a period T during
which the voltage level of the auxiliary capacitor signal
#CSL,, is relatively high occupies approximately 10% of the
single vertical scanning period T . Further, the single vertical
scanning period T, shown in (¢) of FIG. 15 is a vertical
scanning period immediately after a potential of a positive
polarity has been applied to the pixel electrode PE,, . There-
fore, the duty ratio of the auxiliary capacitor signal #CSL,, is
approximately 10%.

[0306] As shown in (b) of FIG. 15, the potential difference
between the potential Vg, ,, of the pixel electrode PE,, ,, and
the supply potential V., during the period TD is smaller
than the potential difference between the potential V., ,, of
the pixel electrode PE, , and the supply potential V ., dur-
ing the period T. Therefore, the period TD corresponds to a
dark period, and the period Tz corresponds to a bright period.
In other words, the supply of the auxiliary capacitor signal
#CSL,, set so that the duty ratio is approximately 10% causes
approximately 10% of a single vertical scanning period to be

a bright period and the rest 90% to be a dark period.

[0307] FIG. 16 is a graph showing a relationship between
the duty ratio and brightness. In FIG. 16, the vertical axis
represents the relative brightness with the lowest brightness at
0.0 and the highest brightness at 1.0, and the horizontal axis
represents the duty ratio.

[0308] AsshowninFIG. 16, the greater the duty ratio is, the
higher the relative brightness is.

[0309] FIG. 17 is a graph of experimental data showing a
relationship between the duty ratio and the visibility of mov-
ing images that are displayed on the display panel 1.

[0310] The vertical axis of FIG. 17 represents, on a scale of
1 to 5, the visibility felt by a viewer looking at a moving image
being displayed on the display panel 1. The higher the vis-
ibility is, the more clearly the moving image looks to the
viewer, i.e., the less blurred the moving image looks to the
viewer. The horizontal axis of FIG. 17 represents the afore-
mentioned duty ratio.

[0311] In FIG. 17, the dotted line represents the lowest
evaluations among evaluations of visibility given by a plural-
ity of viewers, respectively, the broken line representing the
highest evaluations among the evaluations of visibility given
by the plurality of viewers, respectively, the solid line repre-
senting the average of the evaluations of visibility given by
the plurality of viewers, respectively.

[0312] As shown in FIG. 17, at a duty ratio of approxi-
mately 10% or less, all of the viewers gave the highest evalu-
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ation of visibility. Meanwhile, at a duty ratio of approxi-
mately 90% or greater, most of the viewers cannot sense a
change in visibility.

[0313] The experimental data shown in FIG. 17 shows that
itis preferable that the aforementioned duty ratio be set within
a range of approximately 10% to approximately 90%.
[0314] Further, the display panel 1 according to the present
embodiment is preferably configured such that the source
driver 12 sets the size of amplitude of the source signals #SL,
to #SL,, in accordance with the size of amplitude of the
auxiliary capacitor signals #CSL, to #CSL,, that are supplied
by the auxiliary capacitor driver 14.

[0315] (a) of FIG. 18 is a timing chart showing a waveform
of the gate signal #GL,,. (b) of FIG. 18 is a timing chart
showing the common potential V ., and a waveform of the
potential Vo, . as applied to the pixel electrode PE,,  in a
case where the amplitude of the source signal #SL.,,, is larger,
and (c) of FIG. 18 is a timing chart showing a waveform ofthe
auxiliary capacitor signal #CSL,, as supplied to the auxiliary
capacitor bus line CSL,, in a case where the amplitude of the
source signal #SL, is larger.

[0316] Further, (d) of FIG. 18 is a timing chart showing the
common potential V,, and a waveform of the potential
V i, as applied to the pixel electrode PE,, , in a case where
the amplitude of the source signal #SL,, is smaller, and (e) of
FIG. 18 is a timing chart showing a waveform of the auxiliary
capacitor signal CSL,, as supplied to the auxiliary capacitor
bus line CSL, in a case where the amplitude of the source
signal #SL,, is smaller.

[0317] The amplitude Al shown in (b) of FIG. 18 and the
amplitude A2 shown in (d) of FIG. 18 represent the amplitude
of the source signal #SL,,,.

[0318] Asshown in (b) through (e) of FIG. 18, the auxiliary
capacitor driver 14 supplies the auxiliary capacitor signal
#CSL,, of smaller amplitude in a case where the amplitude of
the source signal #SL,, is larger, and supplies the auxiliary
capacitor signal #CSL,, of larger amplitude in a case where the
amplitude of the source signal #SL,, is smaller. Thus, ina case
where the auxiliary capacitor driver 14 supplies the auxiliary
capacitor signal #CSL, of smaller amplitude, the source
driver 12 supplies the source signal #SL,, of larger amplitude,
and in a case where the auxiliary capacitor driver 14 supplies
the auxiliary capacitor signal #CSL,, of larger amplitude, the
source driver 12 supplies the source signal #SL,, of smaller
amplitude, whereby the average brightness of the pixel region
P, . during a single vertical scanning period T, can be held
substantially constant regardless of whether the auxiliary
capacitor signal #CSL,, is of larger amplitude or smaller
amplitude.

[0319] Further, a specific configuration, such as that
described above, for supplying the auxiliary capacitor bus
lines CSL, to CSL,, with the rectangular auxiliary capacitor
signals #CSL, to #CSL,, each composed of a plurality of
voltage levels can be realized, for example, by the auxiliary
capacitor driver 14 including a plurality of power supplies for
supplying the plurality of voltage levels and a selector for
selecting any one of the voltage levels supplied from the
plurality of power supplies.

[0320] FIG. 19 is a block diagram showing a configuration
ofthe auxiliary capacitor driver 14 for supplying the auxiliary
capacitor signals #CSL, to #CSL,, each composed of a four-
valued voltage level.

[0321] As shown in FIG. 19, the auxiliary capacitor driver
14 includes a first power supply B1, a second power supply
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B2. a third power supply B3, and a fourth power supply B4.
Further, as shown in FIG. 19, the auxiliary capacitor driver 14
includes an nth selector SEL,, (1=n=N) connected to the
auxiliary capacitor bus line CSL,, (1=n=N).

[0322] Further, as shown in FIG. 19, the nth selector SEL,,
is supplied with the control signal #11c¢ that is outputted from
the control section 11.

[0323] As shown in FIG. 19, a first potential that is output-
ted from the first power supply B1, a second potential that is
outputted from the second power supply B2, a third potential
that is outputted from the third power supply B3, and a fourth
potential that is outputted from the fourth power supply B4
are supplied to the nth selector SEL, (1=n=N). The nth
selector SEL, selects any one of the first to fourth potentials in
accordance with the control signal #11c¢ and supplies the
selected potential to the auxiliary capacitor bus line CSL,,.
[0324] Although the present invention is not to be limited
by a specific configuration of the first to fourth power sup-
plies, DACs (digital-analog converters) to which digital val-
ues respectively corresponding to the first to fourth potentials
are inputted may be used, for example, or another configura-
tion may be used.

[0325] As described above, the display panel 1 according to
the present invention is preferably configured such that the
auxiliary capacitor driver 14 includes amplitude changing
means for changing size of amplitude of the rectangular volt-
age signal (auxiliary capacitor signal #CSL,).

[0326] By the auxiliary capacitor driver 14 thus including
amplitude changing means for changing size of amplitude of
the rectangular voltage signal, the phenomenon of blurring of
moving images can be more effectively suppressed.

[0327] Further, the display panel 1 according to the present
invention is configured such that the source driver 12 supplies
the source signal #SL,, of larger amplitude in a case where the
amplitude of the rectangular voltage signal (auxiliary capaci-
tor signal #CSL,) is smaller, and supplies the source signal
#SL,, of smaller amplitude in a case where the amplitude of
the rectangular voltage signal (auxiliary capacitor signal
#CSL,) is larger.

[0328] The foregoing configuration allows the source
driver to supply the source signal of larger amplitude in a case
where the amplitude of the rectangular voltage signal is
smaller, and to supply the source signal of smaller amplitude
in a case where the amplitude of the rectangular voltage signal
is larger, thus bringing about a further effect of making it
possible to effectively suppress the phenomenon of blurring
of moving images, regardless of whether the rectangular volt-
age signal is of larger amplitude or smaller amplitude.
[0329] Itshould be noted the amplitude of the source signal
is defined as being obtained by subtracting the potential of the
source signal at the time of negative polarity writing from the
potential of the source signal at the time of positive polarity
writing (same applies below). Further, the time of positive
polarity writing refers to the time of supply of the conducting
signal during which the rectangular voltage signal is at the
lowest voltage level, and the time of negative polarity writing
refers to the time of supply of the conducting signal during
which the rectangular voltage signal is at the highest voltage
level (same applies below).

Embodiment 2

[0330] In Embodiment 1, the display device 1 has been
described as being configured to include N gate bus lines GL,
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to GL, and N auxiliary capacitor bus lines CSL, to CSL,.
However, the present invention is not to be limited to this
configuration.

[0331] A display panel 2 according to a second embodi-
ment of the present invention is described below with refer-
ence to FIGS. 20 and 21. It should be noted those parts which
have already been described are given the same reference
signs, and as such, will not be described below.

[0332] FIG. 20 is a block diagram showing a configuration
of the display panel 2 according to the present embodiment.
As shown in FIG. 20, the display panel 2 includes an auxiliary
capacitor driver 24, instead of the auxiliary capacitor driver
14 in the display panel 1, and a display section 26, instead of
the display section 16 in the display panel 1.

[0333] As shown in FIG. 20, in addition to the N gate bus
lines GL; to GL (it is assumed in the present embodiment
that N is an even number) and the M source bus lines SL, to
SL,,, the display section 26 includes N/2 auxiliary capacitor
bus lines CSL, to CSL,,.

[0334] Further, as shown in FIG. 20, a second auxiliary
capacitor electrode CE2, ,, formed in the pixel region P, ,
defined by a gate bus line GL,, (n is an odd number) and a
second auxiliary capacitor electrode CE2,,,, ,, formed in the
pixel region P, . defined by a gate bus line GL,,,, are both
connected to an auxiliary capacitor bus line CSL,, (p=(n+1)/
2).

[0335] The auxiliary capacitor driver 24 supplies the N/2
auxiliary capacitor bus lines CSL, to CSL,,, with auxiliary
capacitor signals #CSL, to #CSL,,,, respectively.

[0336] Further, in the present embodiment, the source
driver 12 is described as one which supplies the source bus
line SL,,, with a source signal that reverses its polarity every
two consecutive horizontal scanning periods.

[0337] The other components of the display panel 2 are the
same as those of the display panel 1.

[0338] (a) of FIG. 21 is a timing chart showing examples of
waveforms of gate signals #GL,, to #GL,,, ; that are supplied
to the gate bus lines GL,, to GL,,, 5, respectively, by the gate
driver 13 in the display panel 2, and (b) of FIG. 21 is a timing
chart showing examples of waveforms of auxiliary capacitor
signals #CSL,, (p=(n+1)/2) and #CSL,,,, that are supplied to
the auxiliary capacitor bus lines CSL,, and CSL,,, ,, respec-
tively, by the auxiliary capacitor driver 24 in the display panel
2.

[0339] As shown in (a) and (b) of FIG. 21, the auxiliary
capacitor driver 24 supplies the auxiliary capacitor bus line
CSL,, (p=(n+1)/2) with the auxiliary capacitor signal #CSL,,
(p=(n+1)/2) in synchronization with the gate signals #GL,,
and #GL,, , and supplies the auxiliary capacitor bus line
CSL,,, (p=(n+1)/2) with the auxiliary capacitor signal
#CSL,,., (p=(n+1)/2) in synchronization with the gate signals
#GL,,,, and #GL,,, 5.

[0340] Thus, the display panel 2 according to the present
embodiment is configured such that: the number of the plu-
rality of gate bus lines GL, to GL, is an even number; the
number of the plurality of auxiliary capacitor bus lines is a
half (i.e., N/2) of the number of the plurality of gate bus lines;
and the other end (second auxiliary capacitor electrode
CE2,,_, ,,) of the capacitor C,,_, ,, connected via the transis-
tor My;_, ,, to the (2k-1)th (k is a natural number) gate bus
line GL,,_, ofthe plurality of gate bus lines and the other end
(second auxiliary capacitor electrode CE2,,) of the capacitor
Cayt,,, connected via the transistor M, ,, to the 2kth gate bus
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line GL,, ,, of the plurality of gate bus lines are connected to
the kth auxiliary capacitor bus line CSL, of the plurality of
auxiliary capacitor bus lines.

[0341] The display panel 2 according to the present
embodiment can reduce the number of auxiliary capacitor bus
lines to half as compared with the display panel 1 in Embodi-
ment 1. Therefore, the configuration of the display section 26
in the display panel 2 can be made simpler than the configu-
ration of the display section 16 in the display panel 1. Further,
since the auxiliary capacitor driver 24 in the display panel 2
needs only supply the N/2 auxiliary capacitor bus lines CSL,
to CSL,,, with the auxiliary capacitor signals #CSL, to
#CSL,,,, respectively, the auxiliary capacitor driver 24 canbe
made simpler in configuration than the auxiliary capacitor
driver 14, in the display panel 1, which supplies the N auxil-
iary capacitor bus lines CSL, to CSL,, with the auxiliary
capacitor signals #CSL,, to #CSL,, respectively. That is, the
display panel 2 according to the present embodiment can
suppress the phenomenon of blurring of moving images with
a simpler configuration than the display panel 1 in Embodi-
ment 1.

Embodiment 3

[0342] A display panel 3 according to a third embodiment
of the present invention is described below with reference to
FIGS. 22 and 23.

[0343] FIG. 22 is a block diagram showing a configuration
of the display panel 3 according to the present embodiment.
As shown in FIG. 22, the display panel 3 includes a control
section 31, a source driver 12, an auxiliary capacitor driver
141, an auxiliary capacitor driver 142, and a display section
36. Further, the display panel 3 includes a gate driver (not
illustrated) and a counter electrode driver (not illustrated). It
should be noted here that the gate driver (not illustrated) and
the counter electrode driver (not illustrated) are identical in
configuration to the gate driver 13 and the counter electrode
driver 15 in the display panel 1, respectively.

[0344] As shown in FIG. 22, the display section 36 has the
auxiliary capacitor drivers 141 and 142 disposed on both
sides thereof, respectively. Further, the auxiliary capacitor
driver 141 is supplied with a control signal #11¢2 from the
control section 31, and the auxiliary capacitor driver 142 is
supplied with a control signal #11¢1 from the control section
31.

[0345] The display section 36 is provided with M source
bus lines SL, to SL,,and N gate bus lines (not illustrated). It
should be noted that the N gate bus lines (not illustrated) are
identical in configuration to the N gate bus lines GL, to GL,,
in the display pane 1. Further, the display section 36 is pro-
vided with a counter electrode wire (not illustrated) identical
to the counter electrode wire COML in the display panel 1.
[0346] Further, as shown in FIG. 22, the display section 36
has N auxiliary capacitor bus lines CSLL, to CSLL,, formed
on a left half surface thereof substantially perpendicularly to
the source bus lines SL, to SL,,, and has N auxiliary capacitor
bus lines CSLR, to CSLR,, formed on a right half surface
thereof substantially perpendicularly to the source bus lines
SL, to SL,, Further, the N auxiliary capacitor bus lines
CSLL, to CSLL,, and the N auxiliary capacitor bus lines
CSLR, to CSLR,, are insulated from each other. Further, as
shown in FIG. 22, the auxiliary capacitor bus line CSLL,, and
the auxiliary capacitor bus line CSLR,, are disposed col-
linearly. Therefore, in other words, in the present embodi-
ment, the auxiliary capacitor bus line CSL,, in the display
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panel 1 is constituted by the two auxiliary capacitor bus lines
CSLL,, and CSLR,, formed collinearly via an insulating sec-
tion.

[0347] Further, each of the N auxiliary capacitor bus lines
CSLL, to CSLL, has an end connected to the auxiliary
capacitor driver 141, and each of the N auxiliary capacitor bus
lines CSLR, to CSLR, has an end connected to the auxiliary
capacitor driver 142.

[0348] It should be noted that the auxiliary capacitor bus
lines CSLL, to CSLL,, and the auxiliary capacitor bus lines
CSLR, to CSLR, are insulated from each other.

[0349] The auxiliary capacitor driver 141 supplies the aux-
iliary capacitor bus lines CSLL, to CSLL,, with auxiliary
capacitor signals #CSLL, to #CSLL,, respectively, and the
auxiliary capacitor driver 142 supplies the auxiliary capacitor
bus lines CSLR, to CSLR,, with auxiliary capacitor signals
#CSLR, to #CSLR,, respectively.

[0350] FIG. 23 is acircuit diagram showing a configuration
of the display section 36 in a region R shown in FIG. 22. As
shown in FIG. 23, second auxiliary capacitor electrodes
CE2,, to CE2, , formed in the pixel regions P, , to P, ,
defined by source bus lines SL, to SL, are connected to the
auxiliary capacitor bus line CSLL,,, and second auxiliary
capacitor electrodes CE2,, ., to CE2,, ,, formed in the pixel
regions P, ;,, to P, ,, defined by source bus lines SL,, to
SL,,are connected to the auxiliary capacitor bus line CSLR,,.
The same applies to the pixel regions P, to P, (s=n,
1=s=N) and the pixel regions P_,,, to P_,,(s=n, 1=s=N).
[0351] It should be noted here that it is preferable that the k
take on a value of approximately M/2, where M is the number
of source bus lines. Further, it is preferable that the value of k
fall within a range of approximately 0.45xM to 0.55xM.
[0352] The auxiliary capacitor drivers 141 and 142 may be
configured to carry out the same operation as the auxiliary
capacitor driver 14 described in Embodiment 1, or may be
configured to supply different auxiliary capacitor signals
from each other. For example, the auxiliary capacitor driver
141 may supply auxiliary capacitor signals #CSLL, to
#CSLL, such as those of the example 2 of operation of
Embodiment 1, and the auxiliary capacitor driver 142 may
supply auxiliary capacitor signals CSLR, to #CSLR, such as
those of the example 5 of operation of Embodiment 1. Fur-
ther, the auxiliary capacitor drivers 141 and 142 may be
configured to output auxiliary capacitor signals #CSLL, to
#CSLL, and auxiliary capacitor signals #CSLR; to #CSLR,,,
respectively, that are different in duty ratio from each other.
[0353] Further, it is preferable that in a case where the
source driver 12 supplies the source bus lines SL, to SL, with
source signals #SL, to #SL, of larger amplitude such as those
shown in (b) of FIG. 18 and supplies the source bus lines
SL,,, to SL,, with source signals #SIL,,, to #SL,,of smaller
amplitude such as those shown in (d) of FIG. 18, the auxiliary
capacitor driver 141 supply the auxiliary capacitor bus lines
CSLL, to CSLL,, with auxiliary capacitor signals #CSLL, to
#CSLL,, of smaller amplitude such as those shown in (c) of
FIG. 18 and the auxiliary capacitor driver 142 supply the
auxiliary capacitor bus lines CSLR, to CSLR,, with auxiliary
capacitor signals #CSLR,; to #CSLR,, of larger amplitude
such as those shown in (e) of FIG. 18.

[0354] Further, the display panel 3 according to the present
embodiment is configured such that: the auxiliary capacitor
driver comprises two auxiliary capacitor drivers (auxiliary
capacitor drivers 141 and 142); the given auxiliary capacitor
bus line (auxiliary capacitor bus line CSL,,) is constituted by
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two auxiliary capacitor bus lines (auxiliary capacitor bus lines
CSLL,, and CSLR,) formed collinearly via an insulating sec-
tion; in the single scanning period (single vertical scanning
period), either one (auxiliary capacitor driver 141) of the two
auxiliary capacitor drivers supplies either one (auxiliary
capacitor bus line CSLL,,) of the two auxiliary capacitor bus
lines with the rectangular voltage signal (auxiliary capacitor
signal #CSLL,) in synchronization with the conducting sig-
nal (high-level interval of the gate signal GL,,), the rectangu-
lar voltage signal (auxiliary capacitor signal #CSLL,) being
composed of the first voltage level and the second voltage
level that is different from the first voltage level; and in the
single scanning period, the other one (auxiliary capacitor
driver 142) of the two auxiliary capacitor drivers supplies the
other one (auxiliary capacitor bus line CSLR,,) of the two
auxiliary capacitor bus lines with the rectangular voltage
signal (auxiliary capacitor signal #CSLR,,) in synchroniza-
tion with the conducting signal, the rectangular voltage signal
(auxiliary capacitor signal #CSLR,,) being composed of the
first voltage level and the second voltage level that is different
from the first voltage level.

[0355] The display panel 3 according to the present
embodiment can supply a pixel electrode connected to the one
auxiliary capacitor bus line (auxiliary capacitor bus line
CSLL,) and a pixel electrode connected to the other auxiliary
capacitor bus line (auxiliary capacitor bus line CSLR,) with
the rectangular voltage signals (auxiliary capacitor signals
#CSLL,, and #CSLR,,) independently from each other.
[0356] Therefore, the foregoing configuration allows a
pixel region including the pixel electrode connected to the
one auxiliary capacitor bus line and a pixel region including
the pixel electrode connected to the other auxiliary capacitor
bus line to display images that are different in improvement
effect on the phenomenon of blurring of moving images.
Therefore, the improvement effect of the present invention on
the blurring of moving images can be made to more effec-
tively claim users’ attention. That is, the improvement effect
ofthe present invention on the blurring of moving images can
be made more effectively appealing to users.

[0357] Further, as mentioned above, the source driver 12
may supply source signals of different amplitudes to the
source bus line SL,, connected via the capacitor C,, ,, (m=k)
and the transistor M,, , to the one auxiliary capacitor bus line
(auxiliary capacitor bus line CSLL,)) and to the source bus
line SL, connected via the capacitor C,,, (r=k+1) and the
transistor M,, , to the other auxiliary capacitor bus line (aux-
iliary capacitor bus line CSLR,).

[0358] Therefore, in this example of operation, the pixel
electrode PE,, ,, (m=k) connected to the one auxiliary capaci-
tor bus line (auxiliary capacitor bus line CSLL,,) and the pixel
electrode PE, ,, (m k+1) connected to the other auxiliary
capacitor bus line (auxiliary capacitor bus line CSLR,,) are
supplied with the rectangular voltage signals (auxiliary
capacitor signals #CSLL,, and #CSLR,) independently from
each other, whereby while uniforming the visibility of images
except for the phenomenon of blurring of moving images, the
pixel region including the pixel electrode connected to the
one auxiliary capacitor bus line and the pixel region including
the pixel electrode connected to the other auxiliary capacitor
bus line can display images that are different in improvement
effect on the phenomenon of blurring of moving images.
Therefore, the improvement effect of the present invention on
the blurring of moving images can be made to more effec-
tively claim users’ attention. That is, the improvement effect
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ofthe present invention on the blurring of moving images can
be made more effectively appealing to users.

[0359] Further, the one auxiliary capacitor bus line (auxil-
iary capacitor bus line CSLL,) has a length that is substan-
tially 45% to substantially 55% of that of the given auxiliary
capacitor bus line (auxiliary capacitor bus line CSL,, in the
display panel 1), and the other auxiliary capacitor bus line
(auxiliary capacitor bus line CSLR),) has a length that is
substantially equal to a length obtained by subtracting the
length of the one auxiliary capacitor bus line (auxiliary
capacitor bus line CSLL,,) from the length of the given aux-
iliary capacitor bus line (auxiliary capacitor bus line CSL,, in
the display panel 1).

[0360] Therefore, according to the display panel 3 config-
ured as described above, the brightness of the pixel region
including the pixel electrode PE, ,, (n=k) disposed on one
half surface of the display section 36 and the brightness of the
pixel region including the pixel electrode PE, , (n=k+1)
disposed on the other half surface can be each independently
controlled in the single scanning period. Therefore, according
to the foregoing configuration, the phenomenon of blurring of
moving images can be more effectively suppressed.

[0361] Further, since the one auxiliary capacitor bus line
and the other auxiliary capacitor bus line can be made sub-
stantially identical in load characteristic to each other, the
auxiliary capacitor driver connected to the one auxiliary
capacitor bus line and the auxiliary capacitor driver con-
nected to the other auxiliary capacitor bus line can be made
substantially identical in configuration to each other.

[0362] Therefore, according to the foregoing configura-
tion, the improvement effect of the present invention on the
blurring of moving images can be made effectively appealing
to users by a configuration that is easy to design and fabricate.
[0363] Further, the display panel 3 according to the present
embodiment is configured such that the one auxiliary capaci-
tor driver (auxiliary capacitor driver 141) includes first ampli-
tude changing means (configured in the same manner as that
shown in FIG. 19) for changing size of amplitude of the
rectangular voltage signal, and the other auxiliary capacitor
driver (auxiliary capacitor driver 142) includes second ampli-
tude changing means (configured in the same manner as that
shown in FIG. 19) for changing size of amplitude of the
rectangular voltage signal.

[0364] Therefore, according to the foregoing configura-
tion, the one auxiliary capacitor driver and the other auxiliary
capacitor driver supply the rectangular voltage signal of dif-
ferent amplitudes, whereby the pixel region including the
pixel electrode connected to the one auxiliary capacitor bus
line and the pixel region including the pixel electrode con-
nected to the other auxiliary capacitor bus line can display
images that are different in improvement effect on the phe-
nomenon of blurring of moving images. Therefore, the
improvement effect of the present invention on the blurring of
moving images can be made to more effectively claim users’
attention. That is, the improvement effect of the present
invention on the blurring of moving images can be made more
effectively appealing to users.

[0365] Further, it is preferable that in a case where the one
auxiliary capacitor driver (auxiliary capacitor driver 141)
supplies the one auxiliary capacitor bus line CSLL,, with the
rectangular voltage signal (auxiliary capacitor signal
#CSLL,,) of smaller amplitude, the source driver 12 supplies
the source signal #SL, of larger amplitude to the source bus
line SL,, connected via the capacitor C, ,, (m=k) and the
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transistor M, ,, to the one auxiliary capacitor bus line CSLL,,
that in a case where the one auxiliary capacitor driver (aux-
iliary capacitor driver 141) supplies the one auxiliary capaci-
tor bus line CSLL,, with the rectangular voltage signal (aux-
iliary capacitor signal #CSLL,) of larger amplitude, the
source driver 12 supplies the source signal #SL,, of smaller
amplitude to the source bus line SL,, connected via the
capacitor C, ,, and the transistor M,, ,, to the one auxiliary
capacitor bus line CSLL,, that in a case where the other
auxiliary capacitor driver (auxiliary capacitor driver 142)
supplies the other auxiliary capacitor bus line CSLR , with the
rectangular voltage signal (auxiliary capacitor signal
#CSLR,,) of smaller amplitude, the source driver 12 supplies
the source signal #SL,, of larger amplitude to the source bus
line SL,, connected via the capacitor C,, ,, and the transistor
M, ,, to the other auxiliary capacitor bus line, and that in a
case where the other auxiliary capacitor driver (auxiliary
capacitor driver 142) supplies the other auxiliary capacitor
bus line CSLR,, with the rectangular voltage signal (auxiliary
capacitor signal #CSLR,,) of larger amplitude, the source
driver 12 supplies the source signal #SL,, of smaller ampli-
tude to the source bus line SL,, connected via the capacitor
C, . and the transistor M, to the other auxiliary capacitor
bus line CSLR,,.

[0366] According to the foregoing configuration, the
amplitude of the source signal that the source driver supplies
to the source bus line connected via the capacitor and the
transistor to the one auxiliary capacitor bus line is controlled
in accordance with the amplitude of the rectangular voltage
signal that the one auxiliary capacitor driver supplies to the
one auxiliary capacitor bus line, and the amplitude of the
source signal that the source driver supplies to the source bus
line connected via the capacitor and the transistor to the other
auxiliary capacitor bus line is controlled in accordance with
the amplitude of the rectangular voltage signal that the other
auxiliary capacitor driver supplies to the other auxiliary
capacitor bus line, whereby while uniforming the visibility of
images except for the phenomenon of blurring of moving
images, the pixel region including the pixel electrode con-
nected to the one auxiliary capacitor bus line and the pixel
region including the pixel electrode connected to the other
auxiliary capacitor bus line can display images that are dif-
ferent in improvement effect on the phenomenon of blurring
of moving images. Therefore, the improvement effect of the
present invention on the blurring of moving images can be
more effectively appealing to users.

Embodiment 4

[0367] In Embodiments 1 to 3, the applications of the
present invention to a line reversal driving system have
mainly been described. However, the present invention is not
to be limited to a line reversal driving system. In the follow-
ing, the application of the present invention to a dot reversal
driving system in which adjacent pixel electrodes are sup-
plied with potentials that are opposite in polarity to each other
is described with reference to FIGS. 24 and 25.

[0368] FIG. 24 is a circuit diagram showing a configuration
of a display section 46 in a display panel according to the
present embodiment. Another configuration of the display
panel according to the present embodiment is identical to the
configuration of the display panel 1 in Embodiment 1.
[0369] FIG.25is adiagram showing the polarities of poten-
tials that are applied to the respective pixel electrodes of the
display section 46. In the present embodiment, as shown in
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FIG. 25, pixel electrodes that are adjacent to each other are
supplied with potentials of opposite polarities. For such dot
reversal driving, the source driver in the present embodiment
needs only be configured, for example, to supply, at a given
timing, such source signals #SL, to #SL,, that the polarity of
the source signal #SL,, and the polarity of the source signal
#SL,,., are opposite polarities.

[0370] As shown in FIG. 24, in the display section 46, the
second auxiliary capacitor electrode CE2,, ,, formed in the
pixel region P, is connected to the auxiliary capacitor bus
line CSL,,, and the second auxiliary capacitor electrode CE2,,
m+1 formed in the pixel region P, ., is connected to the
auxiliary capacitor bus line CSL,,_,.

[0371] Further, the second auxiliary capacitor electrode
CE2,,, ,, formed in the pixel regionP,, ., ,, is connected to the
auxiliary capacitor bus line CSL, , |, and the second auxiliary
capacitor electrode CE2,,,, .., formed in the pixel region
P,.1 1 s connected to the auxiliary capacitor bus line CSL,,.
[0372] Further, the auxiliary capacitor driver in the present
embodiment supplies such auxiliary capacitor signals #CSL,,
to #CSL,, that the polarity of the auxiliary capacitor signal
#CSL,, and the polarity of the auxiliary capacitor signal
#CSL,,,, are opposite polarities. This can be realized, for
example, by configuring the auxiliary capacitor driver in the
present embodiment in the same manner as the auxiliary
capacitor driver 14 in Embodiment 1.

[0373] Thus, the display panel according to the present
embodiment is configured such that: in a case where the one
end (first auxiliary capacitor electrode CE1,, ) of the capaci-
tor C, ,, is connected to the transistor M,, ,, connected to the
nth gate bus line GL,, of the plurality of gate bus lines and the
mth source bus line SL,, of the plurality of source bus lines,
the other end (first auxiliary capacitor electrode CE2, ) of
the capacitor C,, , is connected to the nth auxiliary capacitor
bus line CSL,, of the plurality of auxiliary capacitor bus lines;
and in a case where the one end (first auxiliary capacitor
electrode CE1,, ) of the capacitor C, ,,,, is connected to
the transistor M, ,, connected to the nth gate bus line GL,, of
the plurality of gate bus lines and the (m+1)th source bus line
SL,,., of the plurality of source bus lines, the other end
(second auxiliary capacitor electrode CE2, ,,,,) of the
capacitor C,, ., is connected to the (n-1)th auxiliary capaci-
tor bus line CSL,,_, of the plurality of auxiliary capacitor bus
lines.

[0374] According to the display panel thus configured, by
carrying out dot reversal driving in which potentials that are
applied to pixel electrodes that are adjacent to each other are
opposite in polarity to each other, the phenomenon of blurring
of moving images can be suppressed while flickers, cross-
talks, etc. are being suppressed.

[0375] (Summary)

[0376] As described above, adisplay panel according to the
present invention is a display panel including: a plurality of
gate bus lines; a plurality of source bus lines; a plurality of
auxiliary capacitor bus lines; a transistor including a gate
connected to a given gate bus line of the plurality of gate bus
lines and a source connected to a given source bus line of the
plurality of source bus lines; a pixel electrode connected to a
drain of the transistor; a capacitor, one end of which is con-
nected to the drain of the transistor in parallel with the pixel
electrode, and the other end of which is connected to a given
auxiliary capacitor bus line of the plurality of auxiliary
capacitor bus lines; a source driver, connected to one end of
each of the plurality of source bus lines, which supplies the
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given source bus line with a source signal; a gate driver,
connected to one end of each of the plurality of gate bus lines,
which sequentially supplies the given gate bus line with a
conducting signal that renders the transistor conducting; a
counter electrode opposed to the pixel electrode via a liquid
crystal; a counter electrode wire connected to the counter
electrode; and a counter electrode driver, which supplies the
counter electrode wire with a common potential, the display
panel including an auxiliary capacitor driver which, in a
single scanning period from a point in time where the gate
driver supplies the given gate bus line with the conducting
signal to a point in time where the gate driver supplies the
conducting signal next, supplies the given auxiliary capacitor
bus line with a rectangular voltage signal in synchronization
with the conducting signal, the rectangular voltage signal
being composed of at least a first voltage level and a second
voltage level that is different from the first voltage level, in the
single scanning period, a period of time during which the
rectangular voltage signal is at the first voltage level and a
period of time during which the rectangular voltage signal is
at the second voltage level being each longer than a response
time of the liquid crystal.

[0377] Although, in changing from displaying one frame to
displaying the next frame, a hold-type image display device
such as a liquid crystal display device displays an moving
object as if the moving object were staying in one position, the
observer transfers his/her gaze on the screen in chase of the
moving object even in a period of time during which the
moving object is being displayed as if it were staying in one
position; therefore, there occurs a phenomenon of blurring of
moving images where the contours of the moving object
appear to be blurred.

[0378] As described above, the display panel according to
the present invention is a display panel including: a plurality
of gate bus lines; a plurality of source bus lines; a plurality of
auxiliary capacitor bus lines; a transistor including a gate
connected to a given gate bus line of the plurality of gate bus
lines and a source connected to a given source bus line of the
plurality of source bus lines; a pixel electrode connected to a
drain of the transistor; a capacitor, one end of which is con-
nected to the drain of the transistor in parallel with the pixel
electrode, and the other end of which is connected to a given
auxiliary capacitor bus line of the plurality of auxiliary
capacitor bus lines; a source driver, connected to one end of
each of the plurality of source bus lines, which supplies the
given source bus line with a source signal; a gate driver,
connected to one end of each of the plurality of gate bus lines,
which sequentially supplies the given gate bus line with a
conducting signal that renders the transistor conducting; a
counter electrode opposed to the pixel electrode via a liquid
crystal layer; a counter electrode wire connected to the
counter electrode; and a counter electrode driver, which sup-
plies the counter electrode wire with a common potential, the
display panel including an auxiliary capacitor driver which,
in a single scanning period from a point in time where the gate
driver supplies the given gate bus line with the conducting
signal to a point in time where the gate driver supplies the
conducting signal next, supplies the given auxiliary capacitor
bus line with a rectangular voltage signal in synchronization
with the conducting signal, the rectangular voltage signal
being composed of at least a first voltage level and a second
voltage level that is different from the first voltage level.
Therefore, in a single scanning period from a point in time
where the gate driver supplies the given gate bus line with the
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conducting signal to a point in time where the gate driver
supplies the conducting signal next, a first voltage level and a
second voltage level that is different from the first voltage
level can be applied to the pixel electrode connected via the
transistor to the given gate bus line.

[0379] Further, inthe display panel according to the present
invention, in the single scanning period, a period of time
during which the rectangular voltage signal is at the first
voltage level and a period of time during which the rectangu-
lar voltage signal is at the second voltage level are each longer
than a response time of the liquid crystal. The response time
of the liquid crystal here means the amount of time required
for the orientation of the liquid crystal to start to change after
application of an electric field to the liquid crystal. Generally,
the amount of time required is 1 ms or more.

[0380] Therefore, the foregoing configuration can cause
the brightness of an image in the pixel region in which the
pixel electrode has been formed to switch between two values
in the single scanning period.

[0381] This brings about an effect of making it possible to
suppress the phenomenon of blurring of moving images.
[0382] Further, the auxiliary capacitor driver of the display
panel according to the present invention can supply, in syn-
chronization with the conducting signal, the rectangular volt-
age signal composed of the first voltage level and the second
voltage level. Therefore, the voltage level of the rectangular
voltage signal changes after a certain period of time has
elapsed since the conducting signal was supplied.

[0383] Therefore, unlike in a case where a voltage signal is
supplied out of synchronization with the conducting signal,
the switching between bright and dark can be carried out in
every pixel region on the screen after a certain period of time
has elapsed since an update of image data.

[0384] Further, inthe display panel according to the present
invention, the blurring of moving images can be suppressed
without using a frame memory in which to temporarily store
image signals. Therefore, as compared with a conventional
configuration that uses a frame memory in which to tempo-
rarily store image signals, the display panel according to the
present invention brings about an effect of making it possible
to reduce manufacturing cost. Further, as compared with a
conventional configuration that uses a frame memory in
which to temporarily store image signals, the display panel
according to the present invention brings about an effect of
making it possible to reduce power consumption.

[0385] Further, the display panel according to the present
invention is preferably configured such that the rectangular
voltage signal takes on either one of the first and second
voltage levels in an at least 10% continuous period of time of
the single scanning period.

[0386] According to the foregoing configuration, the rect-
angular voltage signal takes on either one of the first and
second voltage levels in an at least 10% continuous period of
time of the single scanning period. This brings about a further
effect of making it possible to effectively suppress the phe-
nomenon of blurring of moving images.

[0387] Further, the display panel according to the present
invention is preferably configured such that the rectangular
voltage signal takes on either one of the first and second
voltage levels in a period of time from a point in time at which
the single scanning period starts to a point in time where
substantially 10% of the single scanning period elapses, and
takes on the other one of the first and second voltage levels in
aperiod of time from a point in time where substantially 90%
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of the single scanning period elapses to a point in time at
which the single scanning period ends.

[0388] Generally, in the case of switching between a dis-
play at a high brightness and a display at a low brightness, the
viewer feels no improvement in blurring of moving images
when the percentage of the display at the high brightness is
90% or higher, feels more improvement in blurring of moving
images at a lower percentage between 90% to 10%, and feels
satisfactory improvement in blurring of moving images at a
percentage of approximately 10%.

[0389] Therefore, the foregoing configuration brings about
a further effect of making it possible to effectively suppress
the phenomenon of blurring of moving images.

[0390] Further, the display panel according to the present
invention is preferably configured such that in the single
scanning period, a polarity of a voltage that is applied to the
liquid crystal as represented by a difference between a poten-
tial of the pixel electrode and a potential of the counter elec-
trode when the rectangular voltage signal is at the first voltage
level and a polarity of a voltage that is applied to the liquid
crystal as represented by a difference between a potential of
the pixel electrode and the potential of the counter electrode
when the rectangular voltage signal is at the second voltage
level are polarities that are different from each other.

[0391] According to the foregoing configuration, regard-
less of whether the rectangular voltage signal is at the first or
second voltage level, the absolute value of the voltage that is
applied to the liquid crystal can be made sufficiently small.
[0392] Therefore, the foregoing configuration brings about
a further effect of making it possible, in a normally black type
in which the brightness is lower in a case where the absolute
value of a voltage that is applied to the liquid crystal is
smaller, to carry out a black display at a sufficiently low
brightness, regardless of whether the rectangular voltage sig-
nal is at the first or second voltage level.

[0393] Further, the display panel according to the present
invention is preferably configured such that an absolute value
ofapotential difference between the first voltage level and the
second voltage level is twice or less as great as a threshold
voltage of the liquid crystal.

[0394] Generally, the orientation of a liquid crystal is not
affected even when a voltage that is lower than the threshold
value is applied to the liquid crystal. In other words, the
threshold voltage means a voltage at which the orientation of
a liquid crystal starts to be affected (same applies below).
[0395] According to the foregoing configuration, the abso-
lute value of the potential difference between the first voltage
level and the second voltage level is twice or less as great as
the threshold voltage of the liquid crystal. This makes it
possible to prevent the orientation of the liquid crystal from
being affected, regardless of whether the rectangular voltage
signal is at the first or second voltage level.

[0396] Therefore, the foregoing configuration brings about
a further effect of making it possible, in a normally black type
in which the brightness is lower in a case where the absolute
value of a voltage that is applied to the liquid crystal is
smaller, to carry out a black display regardless of whether the
rectangular voltage signal is at the first or second voltage
level.

[0397] Further, the display panel according to the present
invention is preferably configured such that in the single
scanning period, the auxiliary capacitor driver supplies the
given auxiliary capacitor bus line with a rectangular voltage
signal in synchronization with the conducting signal, the
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rectangular voltage signal being composed of the first voltage
level, the second voltage level, and a third voltage level that is
different from the first and second voltage levels.

[0398] According to the foregoing configuration, in the
single scanning period, the auxiliary capacitor driver can
supply the given auxiliary capacitor bus line with a rectangu-
lar voltage signal in synchronization with the conducting
signal, the rectangular voltage signal being composed of the
first voltage level, the second voltage level, and a third voltage
level that is different from the first and second voltage levels.
Therefore, in the single scanning period, the level of voltage
that is applied to the given auxiliary capacitor bus line
switches among three values. In other words, in the single
scanning period, the level of voltage that is applied to the
auxiliary capacitor bus line makes two transitions. The first
transition between the voltage levels in the single scanning
period causes a voltage that is applied to the liquid crystal
after the first transitions between the voltage levels to be
suitable for a display after the first transition between the
voltage levels, and the second transition between the voltage
levels allows switching between a high brightness and a low
brightness.

[0399] That is, the foregoing configuration brings about a
further effect of making a display at a higher brightness
possible while effectively suppressing the phenomenon of
blurring of moving images.

[0400] Further, the display panel according to the present
invention is preferably configured such that the rectangular
voltage signal takes on any one of the first to third voltage
levels in an at least 10% period of time of the single scanning
period.

[0401] According to the foregoing configuration, the rect-
angular voltage signal takes on any one of the first to third
voltage levels in an at least 10% period of time of the single
scanning period. This brings about a further effect of making
it possible to effectively suppress the phenomenon of blurring
of moving images.

[0402] Further, the display panel according to the present
invention is preferably configured such that the rectangular
voltage signal takes on any one of the first to third voltage
levels in a period of time from a point in time at which the
single scanning period starts to a point in time where substan-
tially 10% of the single scanning period elapses, and takes on
another one of the first to third voltage levels in a period of
time from a point in time where substantially 90% of the
single scanning period elapses to a point in time at which the
single scanning period ends.

[0403] Generally, in the case of switching between a dis-
play at a high brightness and a display at a low brightness, the
viewer feels no improvement in blurring of moving images
when the percentage of the display at the high brightness is
90% or higher, feels more improvement in blurring of moving
images at a lower percentage between 90% to 10%, and feels
satisfactory improvement in blurring of moving images at a
percentage of approximately 10%.

[0404] Therefore, the foregoing configuration brings about
a further effect of making it possible to effectively suppress
the phenomenon of blurring of moving images.

[0405] Further, the display panel according to the present
invention is preferably configured such that in the single
scanning period, a polarity of a voltage that is applied to the
liquid crystal as represented by a difference between a poten-
tial of the pixel electrode and a potential of the counter elec-
trode after a first transition between the voltage levels and a
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polarity of a voltage that is applied to the liquid crystal as
represented by a difference between a potential of the pixel
electrode and the potential of the counter electrode after a
next transition between the voltage levels are polarities that
are different from each other.

[0406] According to the foregoing configuration, regard-
less of whether after the first transition between the voltage
levels or after the next transition between the voltage levels in
the single scanning period, the absolute value of the voltage
that is applied to the liquid crystal can be made sufficiently
small.

[0407] Therefore, the foregoing configuration brings about
a further effect of making it possible, in a normally black type
in which the brightness is lower in a case where the absolute
value of a voltage that is applied to the liquid crystal is
smaller, to carry out a black display at a sufficiently low
brightness, regardless of whether after the first transition
between the voltage levels or after the next transition between
the voltage levels in the single scanning period.

[0408] Further, the display panel according to the present
invention is preferably configured such that an absolute value
of a potential difference between the highest voltage level
among the first to third voltage levels and the middle voltage
level among the first to third voltage levels is twice or less as
great as a threshold voltage of the liquid crystal.

[0409] According to the foregoing configuration, the abso-
lute value of the potential difference between the highest
voltage level among the first to third voltage levels and the
middle voltage level among the first to third voltage levels is
twice or less as great as the threshold voltage of the liquid
crystal. This makes it possible to prevent the orientation of the
liquid crystal from being affected, regardless of which of the
first to third voltage levels the rectangular voltage signal takes
on.

[0410] Therefore, the foregoing configuration brings about
a further effect of making it possible, in a normally black type
in which the brightness is lower in a case where the absolute
value of a voltage that is applied to the liquid crystal is
smaller, to carry out a black display regardless of which of the
first to third voltage levels the rectangular voltage signal takes
on.

[0411] Further, the display panel according to the present
invention is preferably configured such that in the single
scanning period, the auxiliary capacitor driver supplies the
given auxiliary capacitor bus line with a rectangular voltage
signal in synchronization with the conducting signal, the
rectangular voltage signal being composed of the first voltage
level, the second voltage level, and a third voltage level that is
different from the first and second voltage levels, and in a
single scanning period subsequent to the single scanning
period, the auxiliary capacitor driver supplies the given aux-
iliary capacitor bus line with a rectangular voltage signal in
synchronization with the conducting signal, the rectangular
voltage signal being composed of any two of the first to third
voltage levels and a fourth voltage level that is different from
the first to third voltage levels.

[0412] According to the foregoing configuration, in the
single scanning period, the auxiliary capacitor driver can
supply the given auxiliary capacitor bus line with a rectangu-
lar voltage signal in synchronization with the conducting
signal, the rectangular voltage signal being composed of the
first voltage level, the second voltage level, and a third voltage
level that is different from the first and second voltage levels.
Therefore, in the single scanning period, the level of voltage
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that is applied to the given auxiliary capacitor bus line
switches among three values. In other words, in the single
scanning period, the level of voltage that is applied to the
auxiliary capacitor bus line makes two transitions. The first
transition between the voltage levels in the single scanning
period causes a voltage that is applied to the liquid crystal
after the first transitions between the voltage levels to be
suitable for a display after the first transition between the
voltage levels, and the second transition between the voltage
levels allows switching between a high brightness and a low
brightness.

[0413] Therefore, the foregoing configuration brings about
a further effect of making a display at a higher brightness
possible while effectively suppressing the phenomenon of
blurring of moving images.

[0414] Furthermore, the foregoing configuration makes it
possible, in a single scanning period subsequent to the single
scanning period, to supply a rectangular voltage signal com-
posed ofany two of the first to third voltage levels and a fourth
voltage level that is different from the first to third voltage
levels. Therefore, as compared with a case where a rectangu-
lar voltage signal composed of the first to third voltage levels
is supplied in a single scanning period subsequent to the
single scanning period, the adjustment of brightness levels
between a high brightness and a low brightness can be more
flexibly carried out.

[0415] Therefore, the foregoing configuration brings about
a further effect of making a display at a high brightness
possible while further effectively suppressing the phenom-
enon of blurring of moving images.

[0416] Further, the display panel according to the present
invention is preferably configured such that an absolute value
of a potential difference between the voltage level before a
first transition between the voltage levels in the single scan-
ning period and the voltage level after the first transition is
smaller than an absolute value of a potential difference
between the voltage level before a next transition between the
voltage levels in the single scanning period and the voltage
level after the next transition.

[0417] According to the foregoing configuration, the abso-
lute value of the potential difference between the voltage level
before the first transition between the voltage levels in the
single scanning period and the voltage level after the first
transition is smaller than the absolute value of the potential
difference between the voltage level before the next transition
between the voltage levels in the single scanning period and
the voltage level after the next transition. Therefore, the dif-
ference between the brightness before the next transition and
the brightness after the next transition can be made greater
than the difference between the brightness before the first
transition and the brightness after the first transition. There-
fore, the foregoing configuration brings about a further effect
of making it possible to more effectively suppress the phe-
nomenon of blurring of moving images.

[0418] Further, the display panel according to the present
invention is preferably configured such that the rectangular
voltage signal takes on any one of the first to fourth voltage
levels in an at least 10% period of time of the single scanning
period.

[0419] According to the foregoing configuration, the rect-
angular voltage signal takes on any one of the first to fourth
voltage levels in an at least 10% period of time of the single
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scanning period. This brings about a further effect of making
it possible to effectively suppress the phenomenon of blurring
of moving images.

[0420] Further, the display panel according to the present
invention is preferably configured such that the rectangular
voltage signal takes on any one of the first to fourth voltage
levels in a period of time from a point in time at which the
single scanning period starts to a point in time where substan-
tially 10% of the single scanning period elapses, and takes on
another one of the first to fourth voltage levels in a period of
time from a point in time where substantially 90% of the
single scanning period elapses to a point in time at which the
single scanning period ends.

[0421] Generally, in the case of switching between a dis-
play at a high brightness and a display at a low brightness, the
viewer feels no improvement in blurring of moving images
when the percentage of the display at the high brightness is
90% or higher, feels more improvement in blurring of moving
images at a lower percentage between 90% to 10%, and feels
satisfactory improvement in blurring of moving images at a
percentage of approximately 10%.

[0422] Therefore, the foregoing configuration brings about
a further effect of making it possible to effectively suppress
the phenomenon of blurring of moving images.

[0423] Further, the display panel according to the present
invention is preferably configured such that in the single
scanning period, a polarity of a voltage that is applied to the
liquid crystal as represented by a difference between a poten-
tial of the pixel electrode and a potential of the counter elec-
trode after a first transition between the voltage levels and a
polarity of a voltage that is applied to the liquid crystal as
represented by a difference between a potential of the pixel
electrode and the potential of the counter electrode after a
next transition between the voltage levels are polarities that
are different from each other.

[0424] According to the foregoing configuration, regard-
less of whether after the first transition between the voltage
levels or after the next transition between the voltage levels in
the single scanning period, the absolute value of the voltage
that is applied to the liquid crystal can be made sufficiently
small.

[0425] Therefore, the foregoing configuration brings about
a further effect of making it possible, in a normally black type
in which the brightness is lower in a case where the absolute
value of a voltage that is applied to the liquid crystal is
smaller, to carry out a black display at a sufficiently low
brightness, regardless of whether after the first transition
between the voltage levels or after the next transition between
the voltage levels in the single scanning period.

[0426] Further, the display panel according to the present
invention is preferably configured such that an absolute value
of a potential difference between the second lowest voltage
level among the first to fourth voltage levels and the highest
voltage level among the first to fourth voltage levels is twice
or less as great as a threshold voltage of the liquid crystal.
[0427] According to the foregoing configuration, the abso-
lute value of the potential difference between the second
lowest voltage level among the first to fourth voltage levels
and the highest voltage level among the first to fourth voltage
levels is twice or less as great as the threshold voltage of the
liquid crystal. This makes it possible to prevent the orienta-
tion of the liquid crystal from being affected, regardless of
which of the first to fourth voltage levels the rectangular
voltage signal takes on.
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[0428] Therefore, the foregoing configuration brings about
a further effect of making it possible, in a normally black type
in which the brightness is lower in a case where the absolute
value of a voltage that is applied to the liquid crystal is
smaller, to carry out a black display regardless of which ofthe
first to fourth voltage levels the rectangular voltage signal
takes on.

[0429] Further, the display panel according to the present
invention is preferably configured such that in a case where
when the gate driver supplies the given gate bus line with the
conducting signal, the given auxiliary capacitor bus line is
supplied with the lowest voltage level among the voltage
levels, the auxiliary capacitor driver supplies the given aux-
iliary capacitor bus line with the rectangular voltage signal in
the single scanning period, the rectangular voltage signal
having its voltage levels arranged in an ascending order.
[0430] Generally, in a normally black type in which a black
display is carried out in a case where no voltage is applied to
the pixel electrode, a phenomenon of insufficient rising from
a low brightness to a high brightness occurs due to finite
lengths of time of response of the liquid crystal. In other
words, there is such a characteristic that the amount of time
required to change from a low brightness to a high brightness
is larger than the amount of time required to change from a
high brightness to a low brightness. In a case where a signal
that is applied to the pixel electrode has a positive polarity,
such a phenomenon can occur at a timing when the potential
of the pixel electrode changes to a high voltage.

[0431] According to the foregoing configuration, in a case
where when the gate driver supplies the given gate bus line
with the conducting signal, the given auxiliary capacitor bus
line is supplied with the lowest voltage level among the volt-
age levels, the pixel electrode can be supplied with a voltage
signal at a lower voltage level and then with a voltage signal
at a higher voltage level in the single scanning period.
[0432] This allows the potential that is applied to the pixel
electrode to gradually change to a high voltage. This brings
about a further effect of making it possible to suppress the
phenomenon of insufficient rising from a low brightness to a
high brightness that can occur in a normally black type.
[0433] Further, the display panel according to the present
invention is preferably configured such that in a case where
when the gate driver supplies the given gate bus line with the
conducting signal, the given auxiliary capacitor bus line is
supplied with the highest voltage level among the voltage
levels, the auxiliary capacitor driver supplies the given aux-
iliary capacitor bus line with the rectangular voltage signal in
the single scanning period, the rectangular voltage signal
having its voltage levels arranged in a descending order.
[0434] Generally, in a normally black type in which a black
display is carried out in a case where no voltage is applied to
the pixel electrode, a phenomenon of insufficient rising from
a low brightness to a high brightness occurs due to finite
lengths of time of response of the liquid crystal. In other
words, there is such a characteristic that the amount of time
required to change from a low brightness to a high brightness
is larger than the amount of time required to change from a
high brightness to a low brightness. In a case where a signal
that is applied to the pixel electrode has a positive polarity,
such a phenomenon can occur at a timing when the potential
of the pixel electrode changes to a low voltage.

[0435] According to the foregoing configuration, in a case
where when the gate driver supplies the given gate bus line
with the conducting signal, the given auxiliary capacitor bus
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line is supplied with the highest voltage level among the
voltage levels, the pixel electrode can be supplied with a
voltage signal at a higher voltage and then with a voltage
signal at a lower voltage level in the single scanning period.
[0436] This allows the potential that is applied to the pixel
electrode to gradually change to a low voltage. This brings
about a further effect of making it possible to suppress the
phenomenon of insufficient rising from a low brightness to a
high brightness that can occur in a normally black type.
[0437] Further, the display panel according to the present
invention is preferably configured such that the auxiliary
capacitor driver synchronously supplies the rectangular volt-
age signal to that one of the auxiliary capacitor bus lines
which is connected via the transistor and the capacitor to the
nth gate bus line of the plurality of gate bus lines and to that
one of the auxiliary capacitor bus lines which is connected via
the transistor and the capacitor to the (n+1)th gate bus line of
the plurality of gate bus lines.

[0438] The foregoing configuration makes it possible to
synchronously supply the rectangular voltage signal to that
one of the auxiliary capacitor bus lines which is connected via
the transistor and the capacitor to the nth gate bus line of the
plurality of gate bus lines and to that one of the auxiliary
capacitor bus lines which is connected via the transistor and
the capacitor to the (n+1)th gate bus line of the plurality of
gate bus lines. Therefore the auxiliary capacitor driver of a
simpler configuration brings about a further effect of making
it possible to suppress the phenomenon of blurring of moving
images.

[0439] Further, the display panel according to the present
invention is preferably configured such that the auxiliary
capacitor driver synchronously supplies the rectangular volt-
age signal to that one of the auxiliary capacitor bus lines
which is connected via the transistor and the capacitor to the
nth gate bus line of the plurality of gate bus lines and to that
one ofthe auxiliary capacitor bus lines which is connected via
the transistor and the capacitor to the (n+2)th gate bus line of
the plurality of gate bus lines.

[0440] The foregoing configuration allows the auxiliary
capacitor driver to synchronously supply the rectangular volt-
age signal to that one of the auxiliary capacitor bus lines
which is connected via the transistor and the capacitor to the
nth gate bus line of the plurality of gate bus lines and to that
one of the auxiliary capacitor bus lines which is connected via
the transistor and the capacitor to the (n+2)th gate bus line of
the plurality of gate bus lines. Therefore, the auxiliary capaci-
tor driver of a simpler configuration brings about a further
effect of making it possible to suppress the phenomenon of
blurring of moving images while suppressing the occurrence
of flickers and streaks corresponding to polarity reversal.
[0441] Further, the display panel according to the present
invention is preferably configured such that: the number of
the plurality of gate bus lines is an even number; the number
of the plurality of auxiliary capacitor bus lines is a half of the
number of the plurality of gate bus lines; and the other end of
the capacitor connected via the transistor to the (2k-1)th (k is
a natural number) gate bus line of the plurality of gate bus
lines and the other end of the capacitor connected via the
transistor to the 2 kth gate bus line of the plurality of gate bus
lines are connected to the kth auxiliary capacitor bus line of
the plurality of auxiliary capacitor bus lines.

[0442] According to the foregoing configuration, the num-
ber of auxiliary capacitor bus lines to be formed on the display
panel can be reduced to half of the number of the plurality of
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gate bus lines. Therefore, the display panel of a simpler con-
figuration brings about a further effect of making it possible to
suppress the phenomenon of blurring of moving images.
[0443] Further, the display panel according to the present
invention is preferably configured such that the auxiliary
capacitor driver includes amplitude changing means for
changing size of amplitude of the rectangular voltage signal.
[0444] According to the foregoing configuration, the aux-
iliary capacitor driver includes amplitude changing means for
changing size of amplitude of the rectangular voltage signal.
This brings about a further effect of making it possible to
more effectively suppress the phenomenon of blurring of
moving images.

[0445] Further, the display panel according to the present
invention is preferably configured such that the source driver
supplies the source signal of larger amplitude in a case where
the amplitude of the rectangular voltage signal is smaller, and
supplies the source signal of smaller amplitude in a case
where the amplitude of the rectangular voltage signal is
larger.

[0446] The foregoing configuration allows the source
driver to supply the source signal of larger amplitude in a case
where the amplitude of the rectangular voltage signal is
smaller, and to supply the source signal of smaller amplitude
in a case where the amplitude of the rectangular voltage signal
is larger, thus bringing about a further effect of making it
possible to effectively suppress the phenomenon of blurring
of moving images, regardless of whether the rectangular volt-
age signal is of larger amplitude or smaller amplitude.
[0447] It should be noted the amplitude of the source signal
is defined as being obtained by subtracting the voltage level of
the source signal at the time of negative polarity writing from
the voltage level of the source signal at the time of positive
polarity writing (same applies below). Further, the time of
positive polarity writing refers to the time of supply of the
conducting signal during which the rectangular voltage signal
is at the lowest voltage level, and the time of negative polarity
writing refers to the time of supply of the conducting signal
during which the rectangular voltage signal is at the highest
voltage level (same applies below).

[0448] Further, the display panel according to the present
invention may be configured such that: the auxiliary capacitor
driver comprises two auxiliary capacitor drivers; the given
auxiliary capacitor bus line is constituted by two auxiliary
capacitor bus lines formed collinearly via an insulating sec-
tion; in the single scanning period, either one of the two
auxiliary capacitor drivers supplies either one of the two
auxiliary capacitor bus lines with the rectangular voltage
signal in synchronization with the conducting signal, the
rectangular voltage signal being composed of the first voltage
level and the second voltage level that is different from the
first voltage level; and in the single scanning period, the other
one of the two auxiliary capacitor drivers supplies the other
one of the two auxiliary capacitor bus lines with the rectan-
gular voltage signal in synchronization with the conducting
signal, the rectangular voltage signal being composed of the
first voltage level and the second voltage level that is different
from the first voltage level.

[0449] According to the foregoing configuration, the one
auxiliary capacitor driver supplies the rectangular voltage
signal to either one of the two auxiliary capacitor bus lines
formed collinearly via the insulating section, and the other
auxiliary capacitor driver supplies the rectangular voltage
signal to the other auxiliary capacitor bus line.
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[0450] Therefore, according to the foregoing configura-
tion, the pixel electrode connected to the one auxiliary capaci-
tor bus line and the pixel electrode connected to the other
auxiliary capacitor bus line can be supplied with the rectan-
gular voltage signal independently from each other.

[0451] Therefore, the foregoing configuration allows a
pixel region including the pixel electrode connected to the
one auxiliary capacitor bus line and a pixel region including
the pixel electrode connected to the other auxiliary capacitor
bus line to display images that are different in improvement
effect on the phenomenon of blurring of moving images.
Therefore, the improvement effect of the present invention on
the blurring of moving images can be made to more effec-
tively claim users’ attention. That is, such a further effect can
be brought about that the improvement effect of the present
invention on the blurring of moving images can be made more
effectively appealing to users.

[0452] Further, the display panel according to the present
invention is preferably configured such that the source driver
supplies source signals of different amplitudes to that one of
the source bus lines which is connected via the capacitor and
the transistor to the one auxiliary capacitor bus line and to that
one of the source bus lines which is connected via the capaci-
tor and the transistor to the other auxiliary capacitor bus line.
[0453] According to the foregoing configuration, the
source driver can supply source signals of different ampli-
tudes to that one of the source bus lines which is connected via
the capacitor and the transistor to the one auxiliary capacitor
bus line and to that one of the source bus lines which is
connected via the capacitor and the transistor to the other
auxiliary capacitor bus line. Therefore, the pixel electrode
connected to the one auxiliary capacitor bus line and the pixel
electrode connected to the other auxiliary capacitor bus line
can be supplied with the rectangular voltage signal indepen-
dently from each other, whereby while uniforming the vis-
ibility of images except for the phenomenon of blurring of
moving images, the pixel region including the pixel electrode
connected to the one auxiliary capacitor bus line and the pixel
region including the pixel electrode connected to the other
auxiliary capacitor bus line can display images that are dif-
ferent in improvement effect on the phenomenon of blurring
of moving images. Therefore, the improvement effect of the
present invention on the blurring of moving images can be
made to more effectively claim users’ attention. That is, such
a further effect can be brought about that the improvement
effect of the present invention on the blurring of moving
images can be made more effectively appealing to users.
[0454] Further, the display panel according to the present
invention is preferably configured such that the one auxiliary
capacitor bus line has a length that is substantially 45% to
substantially 55% of that of the given auxiliary capacitor bus
line, and the other auxiliary capacitor bus line has a length that
is substantially equal to a length obtained by subtracting the
length of the one auxiliary capacitor bus line from the length
of the given auxiliary capacitor bus line.

[0455] According to the foregoing configuration, the given
auxiliary capacitor bus line is electrically separated into the
one auxiliary capacitor bus line and the other auxiliary
capacitor bus line within a range of +5% from the center line
dividing the display section, which displays an image in the
display panel, into two equal parts in parallel with the source
bus lines.

[0456] Therefore, according to the foregoing configura-
tion, the brightness of the pixel region including the pixel
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electrode disposed on one half surface of the display section
and the brightness of the pixel region including the pixel
electrode disposed on the other half surface can be each
independently controlled in the single scanning period. Fur-
ther, since the one auxiliary capacitor bus line and the other
auxiliary capacitor bus line can be made substantially identi-
cal in load characteristic to each other, the auxiliary capacitor
driver connected to the one auxiliary capacitor bus line and
the auxiliary capacitor driver connected to the other auxiliary
capacitor bus line can be made substantially identical in con-
figuration to each other.

[0457] Therefore, the foregoing configuration brings about
such a further effect that the improvement effect of the present
invention on the blurring of moving images can be made
effectively appealing to users by a configuration that is easy to
design and fabricate.

[0458] Further, the display panel according to the present
invention is preferably configured such that the one auxiliary
capacitor driver includes first amplitude changing means for
changing size of amplitude of the rectangular voltage signal,
and the other auxiliary capacitor driver includes second
amplitude changing means for changing size of amplitude of
the rectangular voltage signal.

[0459] According to the foregoing configuration, the one
auxiliary capacitor driver includes first amplitude changing
means for changing size of amplitude of the rectangular volt-
age signal, and the other auxiliary capacitor driver includes
second amplitude changing means for changing size of
amplitude of the rectangular voltage signal. Therefore, the
one auxiliary capacitor driver and the other auxiliary capaci-
tor driver can supply the rectangular voltage signal of differ-
ent amplitudes.

[0460] Therefore, according to the foregoing configura-
tion, the one auxiliary capacitor driver and the other auxiliary
capacitor driver supply the rectangular voltage signal of dif-
ferent amplitudes, whereby the pixel region including the
pixel electrode connected to the one auxiliary capacitor bus
line and the pixel region including the pixel electrode con-
nected to the other auxiliary capacitor bus line can display
images that are different in improvement effect on the phe-
nomenon of blurring of moving images. Therefore, the
improvement effect of the present invention on the blurring of
moving images can be made to more effectively claim users’
attention. That is, such a further effect can be brought about
that the improvement effect of the present invention on the
blurring of moving images can be made more effectively
appealing to users.

[0461] Further, the display panel according to the present
invention is preferably configured such that: in a case where
the one auxiliary capacitor driver supplies the one auxiliary
capacitor bus line with the rectangular voltage signal of
smaller amplitude, the source driver supplies the source sig-
nal of larger amplitude to that one of the source bus lines
which is connected via the capacitor and the transistor to the
one auxiliary capacitor bus line; in a case where the one
auxiliary capacitor driver supplies the one auxiliary capacitor
bus line with the rectangular voltage signal of larger ampli-
tude, the source driver supplies the source signal of smaller
amplitude to that one of the source bus lines which is con-
nected via the capacitor and the transistor to the one auxiliary
capacitor bus line; in a case where the other auxiliary capaci-
tor driver supplies the other auxiliary capacitor bus line with
the rectangular voltage signal of smaller amplitude, the
source driver supplies the source signal of larger amplitude to
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that one of the source bus lines which is connected via the
capacitor and the transistor to the other auxiliary capacitor
bus line; and in a case where the other auxiliary capacitor
driver supplies the other auxiliary capacitor bus line with the
rectangular voltage signal of larger amplitude, the source
driver supplies the source signal of smaller amplitude to that
one of the source bus lines which is connected via the capaci-
tor and the transistor to the other auxiliary capacitor bus line.

[0462] According to the foregoing configuration, the
amplitude of the source signal that the source driver supplies
to the source bus line connected via the capacitor and the
transistor to the one auxiliary capacitor bus line is controlled
in accordance with the amplitude of the rectangular voltage
signal that the one auxiliary capacitor driver supplies to the
one auxiliary capacitor bus line, and the amplitude of the
source signal that the source driver supplies to the source bus
line connected via the capacitor and the transistor to the other
auxiliary capacitor bus line is controlled in accordance with
the amplitude of the rectangular voltage signal that the other
auxiliary capacitor driver supplies to the other auxiliary
capacitor bus line, whereby while uniforming the visibility of
images except for the phenomenon of blurring of moving
images, the pixel region including the pixel electrode con-
nected to the one auxiliary capacitor bus line and the pixel
region including the pixel electrode connected to the other
auxiliary capacitor bus line can display images that are dif-
ferent in improvement effect on the phenomenon of blurring
of moving images. Therefore, such a further effect can be
brought about that the improvement effect of the present
invention on the blurring of moving images can be more
effectively appealing to users.

[0463] Further, the display panel according to the present
invention is preferably configured such that: in a case where
the one end of the capacitor is connected to the transistor
connected to the nth gate bus line of the plurality of gate bus
lines and the mth source bus line of the plurality of source bus
lines, the other end of the capacitor is connected to the nth
auxiliary capacitor bus line of the plurality of auxiliary
capacitor bus lines; and in a case where the one end of the
capacitor is connected to the transistor connected to the nth
gate bus line of the plurality of gate bus lines and the (m+1)th
source bus line of the plurality of source bus lines, the other
end of the capacitor is connected to the (n-1)th auxiliary
capacitor bus line of the plurality of auxiliary capacitor bus
lines.

[0464] The display panel thus configured brings about such
a further effect that by carrying out dot reversal driving in
which source signals that are applied to pixel electrodes that
are adjacent to each other are opposite in polarity to each
other, the phenomenon of blurring of moving images can be
suppressed while flickers, cross-talks, etc. are being sup-
pressed.

[0465] Further, a liquid crystal display device including a
display panel thus configured is also encompassed in the
scope of the present invention.

[0466] Further, a driving method according to the present
invention is a method for driving a display panel including: a
plurality of gate bus lines; a plurality of source bus lines; a
plurality of auxiliary capacitor bus lines; a transistor includ-
ing a gate connected to a given gate bus line of the plurality of
gate bus lines and a source connected to a given source bus
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line of the plurality of source bus lines; a pixel electrode
connected to a drain of the transistor; a capacitor, one end of
which is connected to the drain of the transistor in parallel
with the pixel electrode, and the other end of which is con-
nected to a given auxiliary capacitor bus line of the plurality
of auxiliary capacitor bus lines; a source driver, connected to
one end of each of the plurality of source bus lines, which
supplies the given source bus line with a source signal; a gate
driver, connected to one end of each of the plurality of gate
bus lines, which sequentially supplies the given gate bus line
with a conducting signal that renders the transistor conduct-
ing; a counter electrode opposed to the pixel electrode via a
liquid crystal; a counter electrode wire connected to the
counter electrode; and a counter electrode driver, which sup-
plies the counter electrode wire with a common potential, the
method including a voltage signal supplying step of, in a
single scanning period from a point in time where the gate
driver supplies the given gate bus line with the conducting
signal to a point in time where the gate driver supplies the
conducting signal next, supplying the given auxiliary capaci-
tor bus line with a rectangular voltage signal in synchroniza-
tion with the conducting signal, the rectangular voltage signal
being composed of at least a first voltage level and a second
voltage level that is different from the first voltage level, in the
single scanning period, a period of time during which the
rectangular voltage signal is at the first voltage level and a
period of time during which the rectangular voltage signal is
at the second voltage level being each longer than a response
time of the liquid crystal.

[0467] The foregoing method brings about the same effects
as the foregoing display panel according to the present inven-
tion.

[0468] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

[0469] Further, a liquid crystal display device including a
display panel described in any one of the embodiments is also
encompassed in the present invention.

INDUSTRIAL APPLICABILITY

[0470] The present invention can be suitably applied to a
display panel that displays an image by using liquid crystals.
REFERENCE SIGNS LIST

[0471] 1 Display panel

[0472] 11 Control section

[0473] 12 Source driver

[0474] 13 Gate driver

[0475] 14 Auxiliary capacitor driver
[0476] 15 Counter electrode driver
[0477] 16 Display section

[0478] SL,, Source bus line

[0479] GL,, Gate bus line

[0480] CSL,, Auxiliary capacitor bus line
[0481] COML Counter electrode wire
[0482] P, ,, Pixel region

[0483] PE, ,, Pixel electrode

[0484] M, , Transistor

[0485] E,oa, Counter electrode
[0486] C, ,, Capacitor
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[0487] CEL1,, ,, First auxiliary capacitor electrode
[0488] CE2, ,, Second auxiliary capacitor electrode

1. A display panel including:

a plurality of gate bus lines;

a plurality of source bus lines;

a plurality of auxiliary capacitor bus lines;

a transistor including a gate connected to a given gate bus
line of the plurality of gate bus lines and a source con-
nected to a given source bus line of the plurality of
source bus lines;

a pixel electrode connected to a drain of the transistor;

a capacitor, one end of which is connected to the drain of
the transistor in parallel with the pixel electrode, and the
other end of which is connected to a given auxiliary
capacitor bus line of the plurality of auxiliary capacitor
bus lines;

a source driver, connected to one end of each of the plural-
ity of source bus lines, which supplies the given source
bus line with a source signal;

a gate driver, connected to one end of each of the plurality
of gate bus lines, which sequentially supplies the given
gate bus line with a conducting signal that renders the
transistor conducting;

a counter electrode opposed to the pixel electrode via a
liquid crystal;

a counter electrode wire connected to the counter elec-
trode; and

a counter electrode driver, which supplies the counter elec-
trode wire with a common potential,

the display panel comprising an auxiliary capacitor driver
which, in a single scanning period from a point in time
where the gate driver supplies the given gate bus line
with the conducting signal to a point in time where the
gate driver supplies the conducting signal next, supplies
the given auxiliary capacitor bus line with a rectangular
voltage signal in synchronization with the conducting
signal, the rectangular voltage signal being composed of
at least a first voltage level and a second voltage level
that is different from the first voltage level,

in the single scanning period, a period of time during which
the rectangular voltage signal is at the first voltage level
and a period of time during which the rectangular volt-
age signal is at the second voltage level being each
longer than a response time of the liquid crystal.

2. The display panel as set forth in claim 1, wherein the
rectangular voltage signal takes on either one of the first and
second voltage levels in an at least 10% continuous period of
time of the single scanning period.

3. The display panel as set forth in claim 1, wherein the
rectangular voltage signal takes on either one of the first and
second voltage levels in a period of time from a point in time
at which the single scanning period starts to a point in time
where substantially 10% of the single scanning period
elapses, and takes on the other one of the first and second
voltage levels in a period of time from a point in time where
substantially 90% of the single scanning period elapses to a
point in time at which the single scanning period ends.

4. The display panel as set forth in claim 1, wherein in the
single scanning period, a polarity of a voltage that is applied
to the liquid crystal as represented by a difference between a
potential of the pixel electrode and a potential of the counter
electrode when the rectangular voltage signal is at the first
voltage level and a polarity of a voltage that is applied to the
liquid crystal as represented by a difference between a poten-
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tial of the pixel electrode and the potential of the counter
electrode when the rectangular voltage signal is at the second
voltage level are polarities that are different from each other.

5. The display panel as set forth in claim 1, wherein an
absolute value of a potential difference between the first volt-
age level and the second voltage level is twice or less as great
as a threshold voltage of the liquid crystal.

6. The display panel as set forth in claim 1, wherein in the
single scanning period, the auxiliary capacitor driver supplies
the given auxiliary capacitor bus line with a rectangular volt-
age signal in synchronization with the conducting signal, the
rectangular voltage signal being composed of the first voltage
level, the second voltage level, and a third voltage level that is
different from the first and second voltage levels.

7. The display panel as set forth in claim 6, wherein the
rectangular voltage signal takes on any one of the first to third
voltage levels in an at least 10% period of time of the single
scanning period.

8. The display panel as set forth in claim 6, wherein the
rectangular voltage signal takes on any one of the first to third
voltage levels in a period of time from a point in time at which
the single scanning period starts to a point in time where
substantially 10% of the single scanning period elapses, and
takes on another one of the first to third voltage levels in a
period oftime from a point in time where substantially 90% of
the single scanning period elapses to a point in time at which
the single scanning period ends.

9. The display panel as set forth in claim 6, wherein in the
single scanning period, a polarity of a voltage that is applied
to the liquid crystal as represented by a difference between a
potential of the pixel electrode and a potential of the counter
electrode after a first transition between the voltage levels and
a polarity of a voltage that is applied to the liquid crystal as
represented by a difference between a potential of the pixel
electrode and the potential of the counter electrode after a
next transition between the voltage levels are polarities that
are different from each other.

10. The display panel as set forth in claim 6, wherein an
absolute value of a potential difference between the highest
voltage level among the first to third voltage levels and the
middle voltage level among the first to third voltage levels is
twice or less as great as a threshold voltage of the liquid
crystal.

11. The display panel as set forth in claim 1, wherein in the
single scanning period, the auxiliary capacitor driver supplies
the given auxiliary capacitor bus line with a rectangular volt-
age signal in synchronization with the conducting signal, the
rectangular voltage signal being composed of the first voltage
level, the second voltage level, and a third voltage level that is
different from the first and second voltage levels, and in a
single scanning period subsequent to the single scanning
period, the auxiliary capacitor driver supplies the given aux-
iliary capacitor bus line with a rectangular voltage signal in
synchronization with the conducting signal, the rectangular
voltage signal being composed of any two of the first to third
voltage levels and a fourth voltage level that is different from
the first to third voltage levels.

12. The display panel as set forth in claim 11, wherein an
absolute value of a potential difference between the voltage
level before a first transition between the voltage levels in the
single scanning period and the voltage level after the first
transition is smaller than an absolute value of a potential
difference between the voltage level before a next transition
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between the voltage levels in the single scanning period and
the voltage level after the next transition.

13. The display panel as set forth in claim 11, wherein the
rectangular voltage signal takes on any one of the first to
fourth voltage levels in an at least 10% period of time of the
single scanning period.

14. The display panel as set forth in claim 11, wherein the
rectangular voltage signal takes on any one of the first to
fourth voltage levels in a period of time from a point in time
at which the single scanning period starts to a point in time
where substantially 10% of the single scanning period
elapses, and takes on another one of the first to fourth voltage
levels in a period of time from a point in time where substan-
tially 90% of the single scanning period elapses to a point in
time at which the single scanning period ends.

15. The display panel as set forth in claim 11, wherein in the
single scanning period, a polarity of a voltage that is applied
to the liquid crystal as represented by a difference between a
potential of the pixel electrode and a potential of the counter
electrode after a first transition between the voltage levels and
a polarity of a voltage that is applied to the liquid crystal as
represented by a difference between a potential of the pixel
electrode and the potential of the counter electrode after a
next transition between the voltage levels are polarities that
are different from each other.

16. The display panel as set forth in claim 11, wherein an
absolute value of a potential difference between the second
lowest voltage level among the first to fourth voltage levels
and the highest voltage level among the first to fourth voltage
levels is twice or less as great as a threshold voltage of the
liquid crystal.

17. The display panel as set forth in claim 1, wherein in a
case where when the gate driver supplies the given gate bus
line with the conducting signal, the given auxiliary capacitor
bus line is supplied with the lowest voltage level among the
voltage levels, the auxiliary capacitor driver supplies the
given auxiliary capacitor bus line with the rectangular voltage
signal in the single scanning period, the rectangular voltage
signal having its voltage levels arranged in an ascending
order.

18. The display panel as set forth in claim 1, wherein in a
case where when the gate driver supplies the given gate bus
line with the conducting signal, the given auxiliary capacitor
bus line is supplied with the highest voltage level among the
voltage levels, the auxiliary capacitor driver supplies the
given auxiliary capacitor bus line with the rectangular voltage
signal in the single scanning period, the rectangular voltage
signal having its voltage levels arranged in a descending
order.

19. The display panel as set forth in claim 1, wherein the
auxiliary capacitor driver synchronously supplies the rectan-
gular voltage signal to that one of the auxiliary capacitor bus
lines which is connected via the transistor and the capacitor to
the nth gate bus line of the plurality of gate bus lines and to
that one of the auxiliary capacitor bus lines which is con-
nected via the transistor and the capacitor to the (n+1)th gate
bus line of the plurality of gate bus lines.

20. The display panel as set forth in claim 1, wherein the
auxiliary capacitor driver synchronously supplies the rectan-
gular voltage signal to that one of the auxiliary capacitor bus
lines which is connected via the transistor and the capacitor to
the nth gate bus line of the plurality of gate bus lines and to
that one of the auxiliary capacitor bus lines which is con-
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nected via the transistor and the capacitor to the (n+2)th gate
bus line of the plurality of gate bus lines.

21. The display panel as set forth in claim 1, wherein:

the number of the plurality of gate bus lines is an even

number;

the number of the plurality of auxiliary capacitor bus lines

is a half of the number of the plurality of gate bus lines;
and

the other end of the capacitor connected via the transistor to

the (2k-1)th (k is a natural number) gate bus line of the
plurality of gate bus lines and the other end of the capaci-
tor connected via the transistor to the 2kth gate bus line
of the plurality of gate bus lines are connected to the kth
auxiliary capacitor bus line of the plurality of auxiliary
capacitor bus lines.

22. The display panel as set forth in claim 1, wherein the
auxiliary capacitor driver includes amplitude changing
means for changing size of amplitude of the rectangular volt-
age signal.

23. The display panel as set forth in claim 22, wherein the
source driver supplies the source signal of larger amplitude in
a case where the amplitude of the rectangular voltage signal is
smaller, and supplies the source signal of smaller amplitude in
a case where the amplitude of the rectangular voltage signal is
larger.

24. The display panel as set forth in claim 1, wherein:

the auxiliary capacitor driver comprises two auxiliary

capacitor drivers;

the given auxiliary capacitor bus line is constituted by two

auxiliary capacitor bus lines formed collinearly via an
insulating section;

in the single scanning period, either one of the two auxil-

iary capacitor drivers supplies either one of the two
auxiliary capacitor bus lines with the rectangular voltage
signal in synchronization with the conducting signal, the
rectangular voltage signal being composed of the first
voltage level and the second voltage level that is differ-
ent from the first voltage level; and

in the single scanning period, the other one of the two

auxiliary capacitor drivers supplies the other one of the
two auxiliary capacitor bus lines with the rectangular
voltage signal in synchronization with the conducting
signal, the rectangular voltage signal being composed of
the first voltage level and the second voltage level that is
different from the first voltage level.

25. The display panel as set forth in claim 24, wherein the
source driver supplies source signals of different amplitudes
to that one of the source bus lines which is connected via the
capacitor and the transistor to the one auxiliary capacitor bus
line and to that one of the source bus lines which is connected
via the capacitor and the transistor to the other auxiliary
capacitor bus line.

26. The display panel as set forth in claim 24, wherein the
one auxiliary capacitor bus line has a length that is substan-
tially 45% to substantially 55% of that of the given auxiliary
capacitor bus line, and the other auxiliary capacitor bus line
has a length that is substantially equal to a length obtained by
subtracting the length of the one auxiliary capacitor bus line
from the length of the given auxiliary capacitor bus line.

27. The display panel as set forth in claim 24, wherein the
one auxiliary capacitor driver includes first amplitude chang-
ing means for changing size of amplitude of the rectangular
voltage signal, and the other auxiliary capacitor driver



US 2012/0242646 Al Sep. 27,2012

34

includes second amplitude changing means for changing size
of amplitude of the rectangular voltage signal.

30. A liquid crystal display device comprising a display
panel as set forth in claims 1.

28. The display panel as set forth in claim 27, wherein:

in a case where the one auxiliary capacitor driver supplies
the one auxiliary capacitor bus line with the rectangular
voltage signal of smaller amplitude, the source driver
supplies the source signal of larger amplitude to that one
of'the source bus lines which is connected via the capaci-
tor and the transistor to the one auxiliary capacitor bus
line;

in a case where the one auxiliary capacitor driver supplies
the one auxiliary capacitor bus line with the rectangular
voltage signal of larger amplitude, the source driver
supplies the source signal of smaller amplitude to that
one of the source bus lines which is connected via the
capacitor and the transistor to the one auxiliary capacitor
bus line,

in a case where the other auxiliary capacitor driver supplies
the other auxiliary capacitor bus line with the rectangu-
lar voltage signal of smaller amplitude, the source driver
supplies the source signal of larger amplitude to that one
of'the source bus lines which is connected via the capaci-
tor and the transistor to the other auxiliary capacitor bus
line; and

in a case where the other auxiliary capacitor driver supplies
the other auxiliary capacitor bus line with the rectangu-
lar voltage signal of larger amplitude, the source driver
supplies the source signal of smaller amplitude to that
one of the source bus lines which is connected via the
capacitor and the transistor to the other auxiliary capaci-
tor bus line.

29. The display panel as set forth in claim 1, wherein:

in a case where the one end of the capacitor is connected to
the transistor connected to the nth gate bus line of the
plurality of gate bus lines and the mth source bus line of
the plurality of source bus lines, the other end of the
capacitor is connected to the nth auxiliary capacitor bus
line of the plurality of auxiliary capacitor bus lines; and

in a case where the one end of the capacitor is connected to
the transistor connected to the nth gate bus line of the
plurality of gate bus lines and the (m+1)th source bus
line of the plurality of source bus lines, the other end of
the capacitor is connected to the (n-1)th auxiliary
capacitor bus line of the plurality of auxiliary capacitor
bus lines.

31. A method for driving a display panel including:

a plurality of gate bus lines;

a plurality of source bus lines;

a plurality of auxiliary capacitor bus lines;

a transistor including a gate connected to a given gate bus
line of the plurality of gate bus lines and a source con-
nected to a given source bus line of the plurality of
source bus lines;

a pixel electrode connected to a drain of the transistor;

a capacitor, one end of which is connected to the drain of
the transistor in parallel with the pixel electrode, and the
other end of which is connected to a given auxiliary
capacitor bus line of the plurality of auxiliary capacitor
bus lines;

a source driver, connected to one end of each of the plural-
ity of source bus lines, which supplies the given source
bus line with a source signal;

a gate driver, connected to one end of each of the plurality
of gate bus lines, which sequentially supplies the given
gate bus line with a conducting signal that renders the
transistor conducting;

a counter electrode opposed to the pixel electrode via a
liquid crystal;

a counter electrode wire connected to the counter elec-
trode; and

a counter electrode driver, which supplies the counter elec-
trode wire with a common potential,

the method comprising a voltage signal supplying step of,
in a single scanning period from a point in time where
the gate driver supplies the given gate bus line with the
conducting signal to a point in time where the gate driver
supplies the conducting signal next, supplying the given
auxiliary capacitor bus line with a rectangular voltage
signal in synchronization with the conducting signal, the
rectangular voltage signal being composed of at least a
first voltage level and a second voltage level that is
different from the first voltage level,

inthe single scanning period, a period of time during which
the rectangular voltage signal is at the first voltage level
and a period of time during which the rectangular volt-
age signal is at the second voltage level being each
longer than a response time of the liquid crystal.
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