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(7) ABSTRACT

An LCD device includes a plurality of data lines, a plurality
of gate lines, a plurality of display units, two dummy gate
lines, and a plurality of dummy switches. When performing
charge sharing during a positive driving period, the data
lines are coupled to a positive voltage source via a corre-
sponding dummy gate line and corresponding dummy
switches. When performing charge sharing during a negative
driving period, the data lines are coupled to a negative
voltage source via a corresponding dummy gate line and
corresponding dummy switches.
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LIQUID CRYSTAL DISPLAY DEVICE
CAPABLE OF REDUCING POWER
CONSUMPTION BY CHARGE SHARING

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention related to a liquid crystal
display device, and more particularly, to a liquid crystal
display capable of reducing power consumption by charge
sharing.

[0003] 2. Description of the Prior Art

[0004] Due to advantages such as low radiation, thin
appearance and low power consumption, liquid crystal dis-
play (LCD) devices have gradually replaced traditional
cathode ray tube (CRT) displays and been widely used in
notebook computers, personal digital assistants (PDA), flat
panel televisions or mobile phones.

[0005] Reference is made to FIG. 1 for a diagram of a prior
art LCD device 10. The LCD device 10 includes an LCD
panel 12, a timing controller 14, a source driver 16, and a
gate driver 18. The LCD panel 12 includes a plurality of
parallel data lines D,-D,, a plurality of parallel gate lines
G,-G,,, and a plurality of display units P,,-P, .. The data
lines D,-D,, intersect the gate lines G,-G,,, and each of the
display units P,,-P,. . is disposed at the intersection of a
corresponding data line and a corresponding gate line. The
timing controller 14 can generate data signals corresponding
display images, as well as control signals and clock signals
for driving the LCD panel 12. Based on signals received
from the timing controller 14, the source driver 16 and the
gate driver 18 generate corresponding gate signals and
driving signals, respectively. Each display unit of the LCD
panel 12 includes a thin film transistor (TFT) switch and an
equivalent capacitor. Each equivalent capacitor has an end
coupled to a corresponding data line via a corresponding
TFT switch, and another end coupled to a common voltage
V_.om (Cs on commom). When the TFT switch of a display
unit is turned on by a gate signal generated by the gate driver
18, the equivalent capacitor of the display unit is electrically
connected to its corresponding data line and can thus receive
a driving voltage from the source driver 16. Therefore, the
display unit can display images of various gray scales by
changing the rotation of liquid crystal molecules based on
charges stored in the equivalent capacitor.

[0006] With increasing demands in large-size applica-
tions, the panel loading and dynamic power consumption
also increase as the LCD panel becomes larger. As a result,
it is a main concern to lower power consumption when
designing an LCD device. Generally speaking, in order to
avoid permanent polarization of liquid crystal materials, the
polarities of voltages applied to both ends of equivalent
capacitors have to be reversed periodically. Common meth-
ods for driving LCD panels include dot inversion and line
inversion. When the driving voltages of an LCD device
begin to reverse respective polarities, the LCD device has
the largest loading since the source driver consumes the
largest amount of current at this point of time.

[0007] Charge sharing is normally applied for reducing
power consumption in an LCD device. Charge sharing
halves the amount of dynamic current by rearranging
charges before the source driver outputs driving signals. In
the prior art LCD device 10, the source driver 16 includes a
plurality of output buffers 22 and a plurality of charge
sharing switches 24. The source driver 16 can output driving
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signals to corresponding data lines via the output buffers 22.
The charge sharing switches 24, each coupled between two
neighboring data lines, are used for performing charge
sharing. Assuming dot-inversion is used for driving the LCD
panel 12 of the LCD device 10, among the driving voltages
outputted by the source driver 16 to the data lines D,-D,,,
half of them are higher than the common voltage V_,,,
while the other half are lower than the common voltage
V_... In other words, during positive driving periods, the
source driver 16 outputs a driving voltage Vprz, rosrmve
higher than the common voltage V__  to odd-numbered date
lines D;-D,, ;, and outputs a driving voltage V, . vrea
rrve lower than the common voltage V_ _ to even-nunibered
date lines D,-D,; during negative driving periods, the
source driver 16 outputs the driving voltage V, . rzca-
zrve to odd-numbered date lines D,-D,, |, and outputs the
driving voltage Vpivrr posmve 1o even-numbered date
lines D,-D,,. The values of the driving voltages V__
POSITIVE and V prver. necarmve depend on the gray scales of
display images,

[0008] Before outputting the driving voltages, the prior art
LCD device 10 turns on the charge sharing switches 24 in
order to neutralize residual charges stored in the data lines
at the end of previous driving periods. Reference is made to
FIG. 2 for a diagram illustrating the voltage level of a liquid
crystal capacitor in the LCD device 10. In FIG. 2, the
transverse axle represents time, the vertical axle represents
voltage level, V,,,, and V, . respectively represent the
maximum and the minimum driving voltages outputted to
the equivalent capacitor, and V ;- represents the voltage
level of each data line after charge sharing. During the
positive driving period, the driving voltage Vopz, posrrve
outputted to the liquid crystal capacitor is between the
common voltage V., and the maximum driving voltage
V.4 during the negative driving period, the driving volt-
age Vorgr necarve OUtputted to the equivalent capacitor is
between the common voltage V. ,,, and the minimum driving
voltage V-

[0009] Assuming dot-inversion is used for driving the
LCD panel 12 of the LCD device 10, the display units P,
and P,, are used for illustrations. In FIG. 2, the equivalent
capacitor of the display unit P, has a voltage level V
~Ecarrve €qual to the minimum driving voltage V, . and
the equivalent capacitor of the display unit P, , has a voltage
level Vorrr posmrve €qual to the maximum driving voltage
V4 at the end of the previous negative driving period (at
T1). Before outputting driving voltages to the display unit
P during the current positive driving period (between T1
and T2), the prior art LCD device 10 turns on the charge
sharing switch 24 coupled between the data lines D, and D,
in order to neutralize residual charges stored in the corre-
sponding data line at the end of the previous negative driving
period. Therefore, the voltage level of the equivalent capaci-
tor in the display unit P, is raised from Vi, wpgmwe t0
Vave: When Vepg posmve a0d Ve, veanve are
respectively equal to the maximum driving voltage V,
and the minimum driving voltage V., V- is equal to the
common voltage V_,,.. During the current positive driving
period, the prior art LCD device 10 only needs to provide a
voltage difference AVp to the display unit P|,. The value of
AVp depends on the gray scale of images to be displayed by
the display unit P, |, and can be represented by the following
formula:

0=AVo=Verxer_rostve=Vare) = Vit Vagy)/2
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[0010] Similarly, the equivalent capacitor of the display
unit P, has a voltage level Vpiyp posimye equal to the
maximum driving voltage V,,,, and the liquid crystal
capacitor of the display unit P, , has a voltage level V.~
~Ecarnve €qual to the minimum driving voltage V, ,,,; at the
end of the previous positive driving period (at T2). Before
outputting driving voltages to the display unit P, during the
current negative driving period (between T2 and T3), the
prior art LCD device 10 turns on the charge sharing switch
24 coupled between the data lines D, and D, in order to
neutralize residual charges stored in the corresponding data
line at the end of the previous positive driving period.
Therefore, the voltage level of the equivalent capacitor in the
display unit P, is decreased from Vppvp; posrrye© Ve
When Vepgr rosimve a0 Vg wpcarvs are respec-
tively equal to the maximum driving voltage V,,,, and the
minimum driving voltage V., Vs is equal to the com-
mon voltage V__ .. During the current negative driving
period, the prior art LCD device 10 only needs to provide a
voltage difference AVn to the display unit P ;. The value of
AVn depends on the gray scale of images to be displayed by
the display unit P, and can be represented by the following
formula:

0ZAV=(V gp6~Verxzr,_necatve) =VagaxtVimd)/2

[0011] Without charge sharing, the prior art LCD device
10 needs to provide a voltage difference AV to a display unit.
The value of AV can be represented by the following
formula:

OSIANE (Varaxct Vi)
Therefore,

AVp=IAW and AVR=IAV

[0012] The prior art LCD device 10 uses the charge
sharing switches 24 for performing charge sharing. The
power consumption can be reduced since the LCD device 10
only needs to provide display units with the voltage differ-
ences AVp and AVn, whose absolute values are smaller than
that of the voltage difference AV. However, the charge
sharing switches 24 are disposed on the source driver 16.
Since a large number of charge sharing switches 24 are
required in large-size applications and generate a lot of heat
during charge sharing, the source driver 16 can encounter
difficulties in heat dissipation.

SUMMARY OF THE INVENTION

[0013] The present invention provides an LCD device
capable of reducing power consumption by charge sharing
comprising a plurality of parallel data lines for receiving
data signals corresponding to display images; a plurality of
parallel gate lines intersecting the plurality of data lines for
receiving gate signals; a plurality of storage units for storing
data signals received from corresponding data lines; a plu-
rality of data switches; a first dummy gate line parallel to the
plurality of gate lines for receiving a first control signal; a
plurality of first dummy switches; and a plurality of second
dummy switches. The plurality of data switches each com-
prises a first end coupled to a corresponding storage unit; a
second end coupled to a corresponding data line; and a
control end coupled to a corresponding gate line, wherein
the data switch electrically connects the corresponding stor-
age unit to the corresponding data line or electrically isolates
the corresponding storage unit from the corresponding data
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line based on a gate signal received from the corresponding
gate line. The plurality of first dummy switches each com-
prises a first end coupled to a first power source; a second
end coupled to a corresponding odd-numbered data line
among the plurality of data lines; and a control end coupled
to the first dummy gate line, wherein the first dummy switch
electrically connects the first power source to the corre-
sponding odd-numbered data line or electrically isolates the
first power source from the corresponding odd-numbered
data line based on the first control signal received from the
first dummy gate line. The plurality of second dummy
switches each comprises a first end coupled to a second
power source; a second end coupled to a corresponding
even-numbered data line among the plurality of data lines;
and a control end coupled to the first dummy gate line,
wherein the second dummy switch electrically connects the
second power source to the corresponding even-numbered
data line or electrically isolates the second power source
from the corresponding even-numbered data line based on
the first control signal received from the first dummy gate
line.

[0014] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the
preferred embodiment that is illustrated in the various fig-
ures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a diagram of a prior art LCD device.
[0016] FIG. 2 is a diagram illustrating the voltage level of
an equivalent capacitor in the LCD device of FIG. 1.
[0017] FIG. 3 is a diagram of an LCD device according to
a first embodiment of the present invention.

[0018] FIG. 4 is a diagram illustrating the voltage level of
an equivalent capacitor in the LCD device of FIG. 3
[0019] FIG. 5 is a diagram of a charge sharing circuit
according to a second embodiment of the present invention.

DETAILED DESCRIPTION

[0020] Reference is made to FIG. 3 for an LCD device 30
according to a first embodiment of the present invention.
The LCD device 30 includes an LCD panel 32, a timing
controller 34, a source driver 36, and a gate driver 38. The
LCD panel 32 includes a plurality of parallel data lines
D,-D,., a plurality of parallel gate lines G,-G,, a charge
sharing circuit 40, and a plurality of display units P,,-P, ..
The data lines D,-D,, intersect the gate lines G,-G,, and
each of the display units P,,-P,, is disposed at the inter-
section of a corresponding data line and a corresponding
gate line. The timing controller 34 can generate data signals
corresponding display images, as well as control signals and
clock signals for driving the LCD panel 32. Based on signals
received from the timing controller 34, the source driver 36
and the gate driver 38 can generate corresponding gate
signals and driving voltages, respectively. Each display unit
of the LCD panel 32 includes a TFT switch and an equiva-
lent capacitor. Each equivalent capacitor has an end coupled
to a corresponding data line via a corresponding TFT switch,
and another end coupled to a common voltage V_ . When
the TFT switch of a display unit is turned on by a gate signal
generated by the gate driver 38, the equivalent capacitor of
the display unit is electrically connected to its corresponding
data line and can thus receive a driving voltage from the
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source driver 36. Therefore, the display unit can display
images of various gray scales by changing the rotation of
liquid crystal molecules based on charges stored in the
equivalent capacitor.

[0021] The charge sharing circuit 40 is disposed on the
LCD panel 32 and includes a first dummy gate line DG, a
second dummy gate line DG, and a plurality of first through
fourth dummy switches SW,-SW,. The dummy gate lines
DG, and DG,, parallel to the gate lines G,-G,,, can respec-
tively receive a first control signal S, and a second control
signal S, from the gate driver 38. Each of the first dummy
switches SW, is coupled between a first power source V
and a corresponding odd-numbered data line (D, D;, .. .,
orD ). When the first dummy switches SW, are turned on
due to the first control signal S, applied to respective control
ends via the first dummy gate line DG, the odd-numbered
data lines D,-D, , are electrically connected to the first
power source V. Bach of the second dummy switches SW,
is coupled between a second power source V,, and a corre-
sponding even-numbered data line (D, Dy, . . ., or D,).
When the second dummy switches SW, are turned on due to
the first control signal S; applied to respective control ends
via the first dummy gate line DG, the even-numbered data
lines D,-D,, are electrically connected to the second power
source V,. Each of the third dummy switches SW; is
coupled between the second power source V,, and a corre-
sponding odd-numbered data line (D,, D5, ..., or D, ).
When the third dummy switches SW, are turned on due to
the second control signal S, applied to respective control
ends via the second dummy gate line DG,, the odd-num-
bered data lines D,-D,,., are electrically connected to the
second power source V,. Fach of the fourth dummy
switches SW, is coupled between the first power source V.,
and a corresponding even-numbered data line (D5, D, . . .
,or D, ). When the fourth dummy switches SW, are turned
on due to the second control signal S, applied to respective
control end via the second dummy gate line DG,, the
even-numbered data lines D,-D,, are electrically connected
to the first power source V.

[0022] The present invention reduces power consumption
of a source driver using the charge sharing circuit 40 capable
of adjusting the voltage level of each data line before
outputting driving voltages to the LCD panel 32. Reference
is made to FIG. 4 for a diagram illustrating the voltage level
of an equivalent capacitor in the LCD device 30. In FIG. 4,
the transverse axle represents time, the vertical axle repre-
sents voltage level, V. and V,;,; respectively represent
the maximum and the minimum driving voltages outputted
to the liquid crystal capacitor, and V. represents the
voltage level of each data line after charge sharing. During
the positive driving period, the driving voltage V, . posr
zrve outputted to the equivalent capacitor is between the
common voltage V_,,, and the maximum driving voltage
V,ux; during the negative driving period, the driving volt-
age Ve necarve OUtputted to the equivalent capacitor is
between the common voltage V _,, and the minimum driving
voltage V-

[0023] The present invention controls the dummy
switches of the charge sharing circuit 40 using the first
control signal S, and the second control signal S,. Assuming
dot-inversion is used for driving the LCD panel 32 of the
LCD device 30, the display units P, is used for illustrating
the present invention. In FIG. 4, the liquid crystal capacitor
of the display unit P, has a voltage level Vo, azcamve
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equal to the minimum driving voltage V, . at the end of the
previous negative driving period (at T1). Also, during the
current positive driving period (between T1 and T2), the
driving voltage V7 posrrpe has to be provided to the
data line D, so that the display unit P,, can correctly display
images. At this time, the first dummy switch SW1 coupled
to the first dummy gate line DG, and the data line D, is
turned on by applying the first control signal S, via the first
dummy gate line DG, thereby electrically connecting the
data line D, to the first power source V,,. With charge sharing
between the first power source V, and the data line D,, the
voltage level of the data line D, can be raised to a voltage
level V 6 »equal 10 (Vpres; wearmetV,)2. During the
current positive driving period, the present LCD device 30
only needs to provide a voltage difference AVp' to the
display unit P ;. The value of AVp' depends on the gray
scale of images to be displayed by the display unit P, , and
can be represented by the following formula:

D=A Vp':( VPIHLJOSIUVE_ VA VGJ’) =A Vp

[0024] Similarly, the liquid crystal capacitor of the display
unit P, has a voltage level V,z; posryvz €qual to the
maximum driving voltage V,,,, at the end of the previous
positive driving period (at T2). Also, during the current
negative driving period (between T2 and T3), the driving
voltage V z7vz; vecarmve has to be provided to the data line
D, so that the display unit P, can correctly display images.
At this time, the third dummy switch SW3 coupled to the
second dummy gate line DG, and the data line D, is turned
on by applying the second control signal S, via the second
dummy gate line DG,, thereby electrically connecting the
data line D, to the second power source V,. With charge
sharing between the second power source V,, and the data
line D,, the voltage level of the data line D, can be lowered
to a voltage level V . yequal © (Vpper posrmvet V)2
During the negative driving period, the present LCD device
30 only needs to provide a voltage difference AVn' to the
display unit P;;. The value of AVn' depends on the gray
scale of images to be displayed by the display unit P, , and
can be represented by the following formula:

0=AVE=(V v n~Vpixer wecamve) SAVR

[0025] In the first embodiment of the present invention,
the first power source V,, can be a positive voltage source,
and the second power source V, can be a negative voltage
source. During the positive driving periods, the present LCD
device 30 performs charge sharing on the display units
coupled to the odd-numbered data lines (D, D5, . . ., and
D,,.,) using the first dummy gate line DG, the first dummy
switches SW, and the first power source V,, and on the
display units coupled to the even-numbered data lines (D,,
D,,...,and D, ) using the second dummy gate line DG,,
the fourth dummy switches SW, and the first power source
V. Therefore, the present invention can neutralize residual
charges stored in the liquid crystal capacitors at the end of
the previous negative driving period. Since the voltage level
of a display unit is raised to V g, p after charge sharing,
only a smaller voltage difference AVp' is required for the
display unit and the power consumption can thus be reduced.
Similarly, during the negative driving periods, the present
LCD device 30 performs charge sharing on the display units
coupled to the even-numbered data lines using the first
dummy gate line DG, , the second dummy switches SW, and
the second power source V,, and on the display units
coupled to the odd-numbered data lines using the second
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dummy gate line DG,, the third dummy switches SW; and
the second power source V,,. Therefore, the present inven-
tion can neutralize residual charges stored in the data lines
at the end of the previous positive driving period. Since the
voltage level of a display unit is lowered to V., » after
charge sharing, only a smaller voltage difference AVn' is
required for the display unit and the power consumption can
thus be reduced from the source driver.
[0026] Reference is made to FIG. 5 for a charge sharing
circuit 40 according to a second embodiment of the present
invention. Compared to the first embodiment, the charge
sharing circuit 40 of the second embodiment includes a
plurality of dummy gate lines DG, ,-DG,, and DG,,-DG,,,
and a plurality of dummy switches SW,,-SW, through
SW,,-SW,,,. The dummy gate lines DG,,-DG,, and DG -
DG,, can respectively receive control signals S,,-S,, and
S-S, from the gate driver 38. Each data line can be coupled
to power sources V, -V, or V -V, via corresponding
dummy gate lines and dummy switches. In the second
embodiment of the present invention, the power sources
V -V, can be positive voltage sources, and the power
P . .
sources V-V, can be negative voltage sources. During the
positive driving periods, each data line can be coupled to the
power sources V-V, having distinct levels, thereby rais-
ing a corresponding display unit to various voltage levels
Vave p1-Vave_ gy during the negative driving periods, each
data line can be coupled to the power sources V,,-V,,
having distinct levels, thereby lowering a corresponding
display unit to various voltage levels V6 s-Vire -
The voltage levels V. -V p prand V-V s
- depend on the values of the power sources V,;-V,, and
V.-V, Therefore, the charge sharing circuit 40 of the
second embodiment of the present invention can reduce
power consumption of the source driver, as well as provide
more flexible driving methods.
[0027] The LCD device 30 of the present invention per-
forms charge sharing using the charge sharing circuit 40.
Power consumption can further be reduced from the source
driver by providing display units with a voltage difference
AVp' whose absolute value is smaller than that of the voltage
difference AVp, or a voltage difference AVn' whose absolute
value is smaller than that of the voltage difference AVn.
Also, the LCD device 30 can be driven flexibly in the present
invention by raising a display unit to various voltage levels
during the positive driving period, or by lowering a display
unit to various voltage levels during the negative driving
period. In addition, the charge sharing circuit 40 of the LCD
device 30 is disposed on the LCD panel 32 having a larger
area. The heat generated during charge sharing can easily be
dissipated in large-size applications.
[0028] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be
construed as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A liquid crystal display (LCD) device capable of
reducing power consumption of a source driver by charge
sharing comprising:

a plurality of parallel data lines for receiving data signals

corresponding to display images;

a plurality of parallel gate lines intersecting the plurality

of data lines for receiving gate signals;
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a plurality of storage units for storing data signals

received from corresponding data lines;

a plurality of data switches each comprising:

a first end coupled to a corresponding storage unit;

a second end coupled to a corresponding data line; and

a control end coupled to a corresponding gate line,
wherein the data switch electrically connects the
corresponding storage unit to the corresponding data
line or electrically isolates the corresponding storage
unit from the corresponding data line based on a gate
signal received from the corresponding gate line; and

a first dummy gate line parallel to the plurality of gate

lines for receiving a first control signal;

a plurality of first dummy switches each comprising:

a first end coupled to a first power source;

a second end coupled to a corresponding odd-numbered
data line among the plurality of data lines; and

a control end coupled to the first dummy gate line,
wherein the first dummy switch electrically connects
the first power source to the corresponding odd-
numbered data line or electrically isolates the first
power source from the corresponding odd-numbered
data line based on the first control signal received
from the first dummy gate line; and

a plurality of second dummy switches each comprising:

a first end coupled to a second power source;

a second end coupled to a corresponding even-num-
bered data line among the plurality of data lines; and

a control end coupled to the first dummy gate line,
wherein the second dummy switch electrically con-
nects the second power source to the corresponding
even-numbered data line or electrically isolates the
second power source from the corresponding even-
numbered data line based on the first control signal
received from the first dummy gate line.

2. The LCD device of claim 1 wherein the first power
source is a positive voltage source and the second power
source is a negative voltage source.

3. The LCD device of claim 1 wherein the first power
source is a negative voltage source and the second power
source is a positive voltage source.

4. The LCD device of claim 1 further comprising:

a second dummy gate line parallel to the plurality of gate

lines for receiving a second control signal;

a plurality of third dummy switches each comprising:

a first end coupled to the second power source;

a second end coupled to a corresponding odd-numbered

data line among the plurality of data lines; and

a control end coupled to the second dummy gate line,

wherein the third dummy switch electrically connects
the second power source to the corresponding odd-
numbered data line or electrically isolates the second
power source from the corresponding odd-numbered
data line based on the second control signal received
from the second dummy gate line; and

a plurality of fourth dummy switches each comprising:

a first end coupled to the first power source;

a second end coupled to a corresponding even-num-
bered data line among the plurality of data lines; and

a control end coupled to the second dummy gate line,
wherein the fourth dummy switch electrically con-
nects the first power source to the corresponding
even-numbered data line or electrically isolates the
first power source from the corresponding even-
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numbered data line based on the second control
signal received from the second dummy gate line.

5. The LCD device of claim 4 wherein the first power
source is a positive voltage source and the second power
source is a negative voltage source.

6. The LCD device of claim 4 wherein the first power
source is a negative voltage source and the second power
source is a positive voltage source.

7. The LCD device of claim 4 wherein each dummy
switch is a thin film transistor (TFT).
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8. The LCD device of claim 1 wherein each data switch
is a TFT.

9. The LCD device of claim 1 wherein each dummy
switch is a TFT.

10. The LCD device of claim 1 wherein each storage unit
includes an equivalent capacitor.

11. The LCD device of claim 1 further comprising:

a source driver for generating the data signals; and

a gate driver for generating the gate signals.
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