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LCD DISPLAY VISUAL ENHANCEMENT
DRIVING CIRCUIT AND METHOD

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to a liquid
crystal display (LCD) display and, more particularly, to a
method for driving the pixels in an LCD display.

BACKGROUND OF THE INVENTION

[0002] A typical liquid crystal display (LCD) panel has a
plurality of pixels arranged in a two-dimensional array, driven
by a datadriver and a gate driver. As shown in FIG. 1, the LCD
pixels 10 in a LCD panel 1 are arranged in rows and columns
in a display area 100. A data driver 200 is used to provide a
signal indicative of data to each of the columns and a gate
driver is used to provide a gate line signal to each of the rows.
Inacolor LCD panel, an image is generally presented in three
colors: red (R), green (G) and blue (B). Fach of the pixels 10
is typically divided into three color sub-pixels: red sub-pixel
20R. green sub-pixel 20G and blue sub-pixel 20B, as shown
in FIG. 2. A data line 221 is used to provide the data signal to
the R sub-pixel ina column, a data line 222 is used to provide
the data signal to the G sub-pixel in the same pixel column,
and a data line 223 is used to provide the data signal to the B
sub-pixel in the same pixel column. The data line 224 is used
to provide the data signal to the R sub-pixel in the next pixel
column. A gate line 231 is used to provide the gate line signal
to all sub-pixels in a row and a gate line 232 is used to provide
the gate line signal to all sub-pixels in the next row. In a
transflective LCD panel, each of the color sub-pixels may be
further divided into a transmissive area and a reflective area.
[0003] A typical LCD panel is fabricated with two sub-
strates. As shown in FIG. 3, the LCD panel has an upper
substrate 12 and a lower substrate 18 and a liquid crystal layer
disposed between the substrates. On the upper substrate 12, a
transparent, electrically conducting layer 14 is provided as a
common electrode. In each of the color sub-pixels 20, an
electrically conducting layer is disposed on the lower sub-
strate 18 as a pixel electrode. The LCD panel also comprises
an electronic component layer 17 for controlling the voltage
between the common electrode and the pixel electrode. The
common electrode is usually connected to a common ground
or a common voltage source COM.

SUMMARY OF THE INVENTION

[0004] A pixelinaliquid crystal display panel, according to
various embodiments of the present invention, comprises a
first sub-pixel area having a first sub-pixel electrode (32) and
a second sub-pixel area having a second sub-pixel electrode
(34). Each sub-pixel electrode is associated with a capacitor.
When a gate-line signal and a data voltage is provided to the
pixel, the voltage level on the first sub-pixel electrode is
substantially equal to or slightly higher than the voltage level
on the second sub-pixel electrode and the capacitor associ-
ated with each sub-pixel electrode is charged. When the gate-
line signal has entirely passed on partially passed, a circuit
element causes the capacitor associated with the second sub-
pixel electrode to transfer its charge to another capacitor,
resulting in a reduction of the voltage level on the second
sub-pixel electrode. As such, the alignment of the liquid crys-
tal molecules in the first sub-pixel area is slightly different
from the alignment of the liquid crystal molecules in the
second sub-pixel area, resulting in a slight brightness differ-
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ence between the first and the second sub-pixel areas. This
brightness difference may reduce the color shift of the liquid
crystal display panel.

[0005] Thus, the first aspect of the present invention is a
liquid crystal display panel, comprising:

[0006] a plurality of pixels arranged in a plurality of rows
and columns;
[0007] a plurality of data lines, each for providing date

signals to the pixels in a column, and

[0008] a plurality of gate-lines, each for proving gate-line
signals to the pixels in a row, wherein each of some or all of
the pixels comprises:

[0009] a first sub-pixel area comprising a first sub-pixel
electrode (32) electrically connected to a first capacitor
(CleA, CstA), the first sub-pixel electrode arranged to receive
the data signal from one of the data lines via a first switching
element (132); and

[0010] a second sub-pixel area comprises a second sub-
pixel electrode (34) electrically connected to a second capaci-
tor (CleB) and a first capacitor end of a third capacitor (CstB),
the second sub-pixel electrode arranged to receive said data
signal from said one of the data lines via a second switching
element (134), wherein a second capacitor end of the third
capacitor (CstB) is connected to said one of the data lines via
a third switching element (136), wherein each of the first,
second and third switching elements comprises a control end
arranged to receive a first gate-line signal for charging the first
capacitor (ClcA, CstA) and the second capacitor (ClcB), and
wherein the second capacitor end of the third capacitor (CstB)
is connected to a circuit element (Cx, 138, R, 139) such that
when the first gate-line signal has at least partially passed,
part of electrical charge on the second capacitor (ClcB) is
transferred to the third capacitor (CstB).

[0011] In one embodiment of the present invention (FIG.
8), one end of the first and second capacitors is connected to
a common voltage (COM), and the circuit element comprises
a fourth switching element (138) having a control end
arranged to receive a second gate-line signal for connecting
the second end of the third capacitor (CstB) to the common
voltage after the first gate-line signal has passed.

[0012] In another embodiment of the present invention
(FIG. 5), one end of the first and second capacitors is con-
nected to a common voltage (COM), and the second end of
the third capacitor (CstB) is also connected to the common
voltage via a fourth capacitor (Cx).

[0013] Inyet another embodiment of the present invention
(FIG. 11), the second capacitor (ClcB) is connected to a fifth
capacitor (CstB) in parallel.

[0014] In a different embodiment of the present invention
(FIG. 9), one end of the first and second capacitors is con-
nected to a common voltage (COM), and the circuit element
comprises a resistor (R) connected to the common voltage.
[0015] In another embodiment of the present invention
(FIG. 10), the circuit element comprises a TFT with a diode
connection.

[0016] Instill another embodiment of the present invention
(FIG. 12b), one end of the first and second capacitors is
connected to a common voltage (COM), and the circuit ele-
ment comprises a sixth capacitor (Cs) connected to the com-
mon voltage via a fourth switching element (138) having a
control end arranged to receive a second gate-line signal for
connecting the second end of the third capacitor (CstB) to the
common voltage via the sixth capacitor (Cs) after the first
gate-line signal has partially passed.
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[0017] Inyetanother embodiment of the present invention
(FIG. 12a), one end of the first and second capacitors is
connected to a common voltage (COM), the second end of the
third capacitor (CstB) is connected to the third switching
element (136) via a sixth capacitor (Cs) and the circuit ele-
ment comprises a fourth switching element (138) having a
control end arranged to receive a second gate-line signal for
connecting the second end of the third capacitor (CstB) to the
common voltage after the first gate-line signal has partially
passed.

[0018] The second aspect of the present invention is a
method for charge sharing in a liquid crystal display panel, the
display panel comprising:

[0019] a plurality of pixels arranged in a plurality of rows
and columns;

[0020] a plurality of data lines, each for providing date
signals to the pixels in a column, and

[0021] a plurality of gate-lines, each for proving gate-line
signals to the pixels in a row, wherein each of some or all of
the pixels comprises:

[0022] a first sub-pixel area comprising a first sub-pixel
electrode (32) electrically connected to a first capacitor
(ClcA, CstA), the first sub-pixel electrode arranged to receive
the data signal from one of the data lines via a first switching
element (132); and

[0023] a second sub-pixel area comprises a second sub-
pixel electrode (34) electrically connected to a second capaci-
tor (CleB), the second sub-pixel electrode arranged to receive
the data signal from said one of the data lines via a second
switching element (134).

[0024] The method comprises the steps of:

[0025] connecting a first end of a third capacitor (CstB) to
the second sub-pixel electrode (34) and a second end of the
third capacitor to said one of the data lines via a third switch-
ing element, wherein each of the first, second and third
switching elements comprises a control end arranged to
receive a first gate line signal for switching;

[0026] charging the first capacitor (ClcA, CstA) to a first
voltage level (Va) through the first switching element and
charging the second capacitor (ClcB) to a second voltage
level (Vb) through the second switching element in response
to the first gate-line signal; and

[0027] operatively connecting the second end of the third
capacitor to acircuit element so as to transfer part of electrical
charge on the second capacitor to the third capacitor when the
first gate-line signal has at least partially passed.

[0028] In one embodiment of the present invention (FIG.
8). one end of the first and second capacitors is connected to
a common voltage (COM), and the circuit element comprises
a fourth switching element (138) having a control end
arranged to receive a second gate-line signal for connecting
the second end of the third capacitor (CstB) to the common
voltage after the first gate-line signal has passed.

[0029] In another embodiment of the present invention
(FIG. 5), the method further comprises:

[0030] connecting a fourth capacitor (Cx) between the sec-
ond end of the third capacitor (CstB) and the common voltage
(COM).

[0031] In yet another embodiment of the present invention
(FIG. 11), the method further comprises:

[0032] connecting a fifth capacitor (CstB) to the second
capacitor (ClcB) in parallel.

[0033] In a different embodiment of the present invention
(FIG. 9), one end of the first and second capacitors is con-
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nected to a common voltage (COM), and the circuit element
comprises a resistor (R) connected to the common voltage.

[0034] In another embodiment of the present invention
(FIG. 12b), one end of the first and second capacitors is
connected to a common voltage (COM), and the circuit ele-
ment comprises a sixth capacitor (Cs) connected to the com-
mon voltage via a fourth switching element (138) having a
control end arranged to receive a second gate-line signal for
connecting the second end of the third capacitor (CstB) to the
common voltage via the sixth capacitor (Cs) after the first
gate-line signal has partially passed.

[0035] Inyet another embodiment of the present invention
(FIG. 12a), one end of the first and second capacitors is
connected to acommon voltage (COM), the second end of the
third capacitor (CstB) is connected to the third switching
element (136) via a sixth capacitor (Cs) and the circuit ele-
ment comprises a fourth switching element (138) having a
control end arranged to receive a second gate-line signal for
connecting the second end of the third capacitor (CstB) to the
common voltage after the first gate-line signal has partially
passed.

[0036] The present invention will become apparent upon

reading the description taken in conjunction with FIGS. 4 to
13.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 shows a typical LCD panel.

[0038] FIG. 2 shows three color sub-pixels in a pixel in a
typical LCD panel.

[0039] FIG. 3 shows a cross sectional view of a pixel or
color sub-pixel in a typical LCD panel.

[0040] FIG. 4 shows the sub-pixel electrodes in a pixel or
color sub-pixel in an LCD panel, according to one embodi-
ment of the present invention.

[0041] FIG. 5 shows an equivalent circuit of the pixel or
color sub-pixel, according to one embodiment of the present
invention,

[0042] FIG. 6 is a timing chart showing various signals and
voltages in the pixel as shown in FIG. 5.

[0043] FIG. 7a shows an equivalent circuit of the pixel or
color sub-pixel of FIG. 5, when the gate-line signal is on.

[0044] FIG. 75 shows an equivalent circuit of the pixel or
color sub-pixel of FIG. 5, when the next gate-line signal is on.

[0045] FIG. 8 shows an equivalent circuit of the pixel or
color sub-pixel, according to another embodiment of the
present invention.

[0046] FIG. 9 shows an equivalent circuit of the pixel or
color sub-pixel, according to yet another embodiment of the
present invention.

[0047] FIG. 10 shows an equivalent circuit of the pixel or
color sub-pixel, according to still another embodiment of the
present invention.

[0048] FIG. 11 shows an equivalent circuit of the pixel or
color sub-pixel, according to a different embodiment of the
present invention.

[0049] FIGS. 12a and 125 show an equivalent circuit of the
pixel or color sub-pixel, according to another different
embodiment of the present invention.
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[0050] FIG. 13 is a timing chart showing various signals
and voltages in the pixel as shown in FIGS. 12a and 124.

DETAILED DESCRIPTION OF THE INVENTION

[0051] In various embodiments of the present invention, a
pixel or color sub-pixel of a liquid crystal display (LCD)
panel comprises two areas, each area comprising an area
electrode, together with a common electrode, for controlling
the alignment of the liquid crystal layer in the respective area.
For simplicity, the term sub-pixel will be used to represent a
pixel or a color sub-pixel. As shown in FIG. 4, the sub-pixel
20, includes a first sub-pixel electrode 32, to define a first
sub-pixel area and a second sub-pixel electrode 34, to define
a second sub-pixel area. The sub-pixel 20, includes a first
sub-pixel electrode 32, to define a first sub-pixel area and a
second sub-pixel electrode 34, to define a second sub-pixel
area. The sub-pixel 20, and other sub-pixels may have similar
first and second sub-pixel electrodes. The sub-pixels in a
column share a data line, and the sub-pixels in a row share a
gate line. As shown in FIG. 4, the sub-pixels 20, 20,, 20, ..
. share a data line D1, and the sub-pixels in the next column
(not shown) share a different data line D2. The sub-pixel 20,
and other sub-pixels on the same row share a gate line G1; the
sub-pixel 20, and other sub-pixels on the same row share a
gate line G2; and the sub-pixel 20, and other sub-pixels on the
same row share a gate line G3.

[0052] The first sub-pixel electrode 32, of the sub-pixel 20,
is connected to the data line D1 through a first switching
element 132, and the second sub-pixel electrode 34, is con-
nected to the data line D1 through a second switching element
134,. The control end of the first and second switching ele-
ments 132, and 134, is connected to the gate line G1. The first
sub-pixel electrode 32, of the sub-pixel 20, is connected to
the data line D1 through a first switching element 132, and the
second sub-pixel electrode 34, is connected to the data line
D1 through a second switching element 134,. The control end
of the first and second switching elements 132, and 134, is
connected to the gate line G2.

[0053] The first sub-pixel electrode 32, and the common
electrode (COM, see FIG. 3) form a capacitor ClcA and the
second sub-pixel electrode 34, and the common electrode
form a capacitor ClcB, as shown in FIG. 5. Furthermore, the
first sub-pixel electrode 32, is connected to a storage capaci-
tor CstA and the second sub-pixel electrode 34, is connected
1o a storage capacitor CstB. Likewise, the first sub-pixel elec-
trode 32, and the common electrode form a capacitor ClcA
and the second sub-pixel electrode 34, and the common elec-
trode form a capacitor ClcB. The first sub-pixel electrode 32,
is connected to a storage capacitor CstA and the second
sub-pixel electrode 34, is connected to a storage capacitor
CstB. The charge storage capacitor CstB is also connected to
the data line D1 via a third switching element 136,. The
control end of the third switching element 136, is also con-
nected to the gate line G1.

[0054] When the gate-line signal on G1 is provided to the
sub-pixel 20,, the voltage level Va on the first sub-pixel elec-
trode, the voltage level Vb on the second sub-pixel electrode
and the voltage level Vx are substantially the same. The
capacitors ClcA, CstB in the first sub-pixel area are charged
according to the voltage level Varelative to COM. The capaci-
tor ClcB in the second sub-pixel is charged according to the
voltage level Vb relative to COM. Because the voltage level
Vb on one end of the storage capacitor CstB and the voltage
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level Vx on the other end are substantially the same, the
storage capacitor CstB is not charged.

[0055] When the gate line signal is completely passed, a
circuit element in the pixel causes the voltage potential on the
storage capacitor CstB to increase. As such, the charge in the
capacitor ClcB is partly transferred to the storage capacitor
CstB and the voltage level Vb is reduced accordingly. In the
embodiment as shown in FIG. 5, the second charge-storage
capacitor CstB is connected to COM separately via a capaci-
tor Cx and via a fourth switching element 138, which has a
control end connected to a second gate-line G2 for discharg-
ing purposes, due to the change in the voltage level Vx
between the second charge-storage capacitor CstB and
capacitor Cx.

[0056] FIG. 6isatimingchart showing the voltage level Va,
the voltage level Vb and the voltage level VX, in relation to the
gate-line signals in G1 and G2. As shown in FIG. 6, the
voltage level Vb is reduced when the gate-line signal G2 is
provided to the pixel. The amount of voltage reduction in Vb
is determined by the charge amount transferred to the storage
capacitor CstB. When the gate-line signal G1 is provided to
the sub-pixel 20, all the first, second and third switching
elements are in a conducting state. The equivalent circuit in
this situation is illustrated in FIG. 7a. After the charging of the
capacitors in the sub-pixel 20, is substantially completed, the
voltage levels Va, Vb and Vx is substantially equal to Vdata or
the date signal on D1. There is substantially no charge in the
charge-storage capacitor CstB because the voltage differen-
tial between its two capacitor ends is substantially zero. The
charge in the capacitor ClcB is equal to gB, and we have:

Va=Vb=Vx=Vdata 1

gB=Vb*ClcB=Vdata*Clch 2)

When the gate-line signal G2 is provided to the sub-pixel 20,
and the gate-line signal G1 has passed, the first, second and
third switching elements are in a non-conducting state and the
fourth switching element is in a conducting state. The equiva-
lent circuit in this situation is illustrated in FIG. 7b. While the
voltage level Va is substantially unchanged, the voltage level
Vb is reduced. As the voltage level Vx has changed from
Vdata to COM, some of the charge qB in ClcB is transferred
to CstB. When the charge transfer is completed, we have

Va=Vdata )
Vb=¢B/(ClcB+CstB)=

Vdata*CleB/(CleB+CstB)<

<Vdata

<Va 4

Thus, the voltage level in the sub-pixel electrode in the first
sub-pixel area is higher than the voltage level in the sub-pixel
electrode inthe second sub-pixel area. As such, the brightness
of the second sub-pixel area is generally lower than the
brightness of the first sub-pixel area,

[0057] FIG. 8 shows another embodiment of the present
invention, wherein the capacitor Cx is omitted. With the
embodiment as shown in FIG. 8, the voltage levels Va and Vb
are substantially the same as those shown in FIG. 6. The
voltage level Vx may rise more rapidly as compared to that
shown in FIG. 6.

[0058] FIG.9 shows yet another embodiment of the present
invention, which is a variation from the embodiment as shown
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in FIG. 8. Instead of using the circuit element 138, for con-
trolling the charge transfer from ClcB to CstB, a resistor R is
used. In the embodiment as shown in FIG. 9, when the gate-
line signal G1 is on, we have

Va=Vb="Vdata>Vx=Vcom+Vr (5)

and there is a current through the resistor R. When the gate-
line signal G1 has passed, the current through R is diminish-
ing or Vr=0. Finally the voltage level at point x is equal to
COM, regardless of the gate-line signal G2. We then have

Vb=qB/(ClcB+CstB)
=[Wata*CleB+(Vdata-Vx)*CstB)/(ClcB+CstB)

=Vdata~[Vx*CstB/(CleB+CstB)] (6)

[0059] FIG. 10 shows yet another embodiment of the
present invention, which is a variation of the embodiment as
shown in FIG. 5. Instead of using the circuit element 138, for
controlling the charge transfer from ClcB to CstB, a circuit
element 139, is used. In the embodiment as shown in FIG. 10,
when the gate-line signal G1 is on, we have

Va=Vb=Vdata>Vx 7

and there 15 a current through the circuit element 139,. When
the gate-line signal G1 has passed, the current through the
circuit element 139, is diminishing. Finally the voltage level
at point x is equal to COM, regardless of the gate-line signal
(2. We then have

Vb=qB/(ClcB+CstB)
=[Vata*CleB+(Vdata-Vx)*CstB)/(ClcB+CsiB)

=Vdata-[Vx*CetB/(CleB+CstB)] (8)

Thus, in the embodiments as shown in FIGS. 9 and 10, when
the gate-line signal G1 has passed, while Va is still substan-
tially equal to Vdata, Vb is smaller than Vdata due to the fact
that the resistor R (FIG. 9) or the TFT with a diode connection
139 (FIG. 10) causes the capacitor associated with the second
sub-pixel electrode to transfer its charge to another capacitor,
resulting in a reduction of the voltage level on the second
sub-pixel electrode. As such, the alignment of the liquid crys-
tal molecules in the first sub-pixel area is slightly different
from the alignment of the liquid crystal molecules in the
second sub-pixel area, resulting in a slight brightness differ-
ence between the first and the second sub-pixel areas. This
brightness difference may reduce the color shift of the liquid
crystal display panel.

[0060] Itshould be noted that, in the embodiment as shown
in FIG. 10, the capacitor Cx is optional.

[0061] FIG. 11 shows a variation of the embodiment as
shown in FIGS. 5 and 8. As shown in FIG. 11, the first
sub-pixel area has a first sub-pixel electrode connected to a
first storage capacitor CstA and the second sub-pixel area has
a second sub-pixel electrode connected to a second storage
capacitor CstB. Additionally, the second sub-pixel electrode
is connected to a circuit element 138, through a capacitor Cx.
When the gate-line signal G1 is on, we have

Va=Vb=Vx=Vdata, 9
and the charge on the capacitor ClcB and CstB is
gB=Vb*(CleB+CstB)y=Vdata* (ClcB+CstB) (10
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When the gate-line signal G2 is provided to the sub-pixel 20,
and the gate-line signal G1 has passed, we have

Va=Vdata (11)
Vb=qB/(ClcB+CstB+Cx)

=Vdata*(ClcB+CstB)/(ClcB+CstB+Cx)

>Vdata
<Va (12)
[0062] It should be noted that, in the embodiments as

shown in FIGS. 5, 8-11, the gate-line signals G1 and G2 can
be non-overlapping, as shown in FIG. 6. In a display panel
where pre-charging of pixels is carried out, the gate-line
signal Gm+1 partially occurs before the gate-line Gm has
passed in order to pre-charge the pixels in the (m+1)” row.
This requires the gate-line signals in adjacent gate-lines to be
partially over-lapped, as shown in FIG. 13. The embodiments
as shown in FIGS. 9 and 10 can be used when the gate-lines
signals have an over-lapped period. But in the embodiments
wherein the next gate-line signal is used to control the charge
transfer, as shown in FIGS. 5, 8 and 11, a capacitor Cx is used
to separate point X from the switching element 136, when the
gate-lines signals have an overlapped period.

[0063] FIG. 12 shows one of the different embodiments
that can be used pre-charging purposes. As shown in FIG. 12,
the switching element 136, is connected to the circuit element
138, through a capacitor Cx. The timing chart illustrating
various voltage levels is shown in FIG. 13.

[0064] Insummary,ina liquidcrystaldisplay panel accord-
ing to various embodiments of the present invention, each
pixel has a first sub-pixel area comprising a first sub-pixel
electrode electrically connected to a first capacitor (ClcA,
CstA), the first sub-pixel electrode (where Va is) arranged to
receive the data signal (G1) from one of the data lines via a
first switching element (132); and a second sub-pixel area
comprises a second sub-pixel electrode (where Vb is) electri-
cally connected to a second capacitor and a first end of a third
capacitor. In the embodiments as shown in FIGS. 5, 8, 9, 10,
12a and 125, the second capacitor is ClcB and the third
capacitoris CstB. Inthe embodiment as shown in FIG. 11, the
second capacitor includes ClcB and CstB and the third
capacitor is Cx. The second sub-pixel electrode arranged to
receive said data signal from the same data line via a second
switching element (134), wherein a second end of the third
capacitor is connected to the same data line via a third switch-
ing element (136), wherein each of the first, second and third
switching elements comprises a control end (gate terminal)
arranged to receive a gate-line signal (G1) for charging the
first capacitor and the second capacitor, and wherein the
second end of the third capacitor is connected to a circuit
element (138, R, 139) such that when the gate-line signal has
at least partially passed, the circuit element causes part of
electrical charge on the second capacitor to transfer to the
third capacitor. The circuit element may have a fourth switch-
ing element (138) arranged to receive a second gate-line
signal (G2) for connecting the second end of the third capaci-
tor to the common voltage after the first gate-line signal has
passed.

[0065] Ina different aspect, the present invention provide a
method to achieve a voltage difference between the first sub-
pixel electrode and the second sub-pixel electrode in some
time periods during the operation of the liquid crystal display
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panel. The method includes the steps of connecting a first end
of a third capacitor to the second sub-pixel electrode and a
second end of the third capacitor to said one of the data lines
via a third switching element, wherein each of the first, sec-
ond and third switching elements comprises a control end
arranged to receive a first gate line signal for switching;
charging the first capacitor to a first voltage level through the
first switching element and charging the second capacitor to a
second voltage level through the second switching element in
response to the first gate-line signal; and operatively connect-
ing the second end of the third capacitor to a circuit element
for transferring part of electrical charge on the second capaci-
tor to the third capacitor when the first gate-line signal has at
least partially passed so as to reduce the second voltage level.
[0066] Although the present invention has been described
with respect to one or more embodiments thereof, it will be
understood by those skilled in the art that the foregoing and
various other changes, omissions and deviations in the form
and detail thereof may be made without departing from the
scope of this invention.

What is claimed is:

1. A liquid crystal display panel, comprising:

a plurality of pixels arranged in a plurality of rows and
columns;

a plurality of data lines, each for providing date signals to
the pixels in a column, and

a plurality of gate-lines, each for proving gate-line signals
to the pixels in a row, wherein each of some or all of the
pixels comprises:

a first sub-pixel area comprising a first sub-pixel electrode
electrically connected to a first capacitor, the first sub-
pixel electrode arranged to receive the data signal from
one of the data lines via a first switching element; and

a second sub-pixel area comprises a second sub-pixel elec-
trode electrically connected to a second capacitor and a
first end of a third capacitor, the second sub-pixel elec-
trode arranged to receive said data signal from said one
ofthe data lines viaa second switching element, wherein
a second end of the third capacitor is connected to said
one of the data lines via a third switching element,
wherein each of the first, second and third switching
elements comprises a control end arranged to receive a
first gate-line signal for charging the first capacitor and
the second capacitor, and wherein the second end of the
third capacitor is connected to a circuit element such that
when the first gate-line signal has at least partially
passed, the circuit element causes part of electrical
charge on the second capacitor to transfer to the third
capacitor.

2. A liquid crystal display panel according to claim 1,
wherein one end of the first and second capacitors is con-
nected to a common voltage, and the circuit element com-
prises a fourth switching element having a control end
arranged to receive a second gate-line signal for connecting
the second end of the third capacitor to the common voltage
after the first gate-line signal has passed.

3. A liquid crystal display panel according to claim 2,
wherein the second end of the third capacitor is also con-
nected to the common voltage via a fourth capacitor.

4. A liquid crystal display panel according to claim 1,
wherein the second capacitor is connected to a fourth capaci-
tor in parallel.

5. A liquid crystal display panel according to claim 1,
wherein one end of the first and second capacitors is con-
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nected to a common voltage and the circuit element com-
prises a resistor connected to the common voltage.

6. A liquid crystal display panel according to claim 1,
wherein one end of the first and second capacitors is con-
nected to a common voltage and the circuit element com-
prises a transistor with a diode connection, one end of the
circuit element connected to the common voltage.

7. A liquid crystal display panel according to claim 1,
wherein one end of the first and second capacitors is con-
nected to a common voltage, and the circuit element com-
prises a fourth capacitor connected to the common voltage via
a fourth switching element, the fourth switching element
comprising a control end arranged to receive a second gate-
line signal for connecting the second end of the third capacitor
to the common voltage via the fourth capacitor after the first
gate-line signal has partially passed.

8. A liquid crystal display panel according to claim 1,
wherein one end of the first and second capacitors is con-
nected to a common voltage, the second end of the third
capacitor is connected to the third switching element via a
fourth capacitor and the circuit element comprises a fourth
switching element having a control end arranged to receive a
second gate-line signal for connecting the second end of the
third capacitor to the common voltage after the first gate-line
signal has partially passed.

9. A method of charge sharing in a liquid crystal display
panel, the display panel comprising:

a plurality of pixels arranged in a plurality of rows and

columns;

a plurality of data lines, each for providing date signals to
the pixels in a column, and

a plurality of gate-lines, each for proving gate-line signals
to the pixels in a row, wherein each of some or all of the
pixels comprises:

a first sub-pixel area comprising a first sub-pixel electrode
electrically connected to a first capacitor, the first sub-
pixel electrode arranged to receive the data signal from
one of the data lines via a first switching element; and

a second sub-pixel area comprises a second sub-pixel elec-
trode electrically connected to a second capacitor, the
second sub-pixel electrode arranged to receive the data
signal from said one of the data lines via a second
switching element, said method comprising:

connecting a first end of a third capacitor to the second
sub-pixel electrode and a second end of the third capaci-
tor to said one of the data lines via a third switching
element, wherein each of the first, second and third
switching elements comprises a control end arranged to
receive a first gate line signal for switching;

charging the first capacitor to a first voltage level through
the first switching element and charging the second
capacitor to a second voltage level through the second
switching element in response to the first gate-line sig-
nal; and

operatively connecting the second end of the third capaci-
tor to a circuit element for transferring part of electrical
charge on the second capacitor to the third capacitor
when the first gate-line signal has at least partially
passed so as to reduce the second voltage level.

10. A method according to claim 9, wherein one end of the
first and second capacitors is connected to a common voltage,
and the circuit element comprises a fourth switching element
having a control end arranged to receive a second gate-line
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signal for connecting the second end of the third capacitor to
the common voltage after the first gate-line signal has passed.

11. A method according to claim 10, further comprising:

connecting a fourth capacitor between the second end of

the third capacitor and the common voltage.

12. A method according to claim 9, further comprising:

connecting a fourth capacitor to the second capacitor in

parallel.

13. A method according to claim 9, wherein one end of the
first and second capacitors is connected to a common voltage
and the circuit element comprises a resistor connected to the
common voltage.

14. A method according to claim 9, wherein one end of the
first and second capacitors is connected to a common voltage,
and the circuit element comprises a fourth capacitor con-
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nected to the common voltage via a fourth switching element,
the fourth switching element comprising a control end
arranged to receive a second gate-line signal for connecting
the second end of the third capacitor to the common voltage
via the fourth capacitor after the first gate-line signal has
partially passed.

15. A method according to claim 9, wherein one end of the
first and second capacitors is connected to a common voltage,
the second end of the third capacitor is connected to the third
switching element via a fourth capacitor and the circuit ele-
ment comprises a fourth switching element having a control
end arranged to receive a second gate-line signal for connect-
ing the second end of the third capacitor to the common
voltage after the first gate-line signal has partially passed.

k ok ok k%
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