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7) ABSTRACT

A method for reducing power consumption of an LCD panel
in a standby mode. The LCD panel includes a plurality of
pixel drivers each having a liquid crystal capacitor, a storage
capacitor, four switches, a comparator, and a selection
circuit. The method includes turning off the first switch and
the third switch and turning on the second and the fourth
switch so as to use the comparator to compare the voltage of

(22) Filed: Jun. 13, 2003 the storage capacitor with a reference voltage; and generat-
ing a control signal to the selection circuit according to an
(30) Foreign Application Priority Data output of the comparator so that the selection circuit can
output a corresponding display signal to the liquid crystal
Jan. 3, 2003 (TW).ooooereeerercecceneens 092100145 capacitor according to the control signal.
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METHOD FOR REDUCING POWER
CONSUMPTION OF AN LCD PANEL IN A
STANDBY MODE

BACKGROUND OF INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display (LCD) panel, and more specifically, to a method of
operation of a standby mode of an LCD panel.

[0003] 2. Description of the Prior Art

[0004] A LCD panel operating in the normal mode dis-
plays an image with high color, high contrast, and high
refresh rate, but has higher power consumption.

[0005] Generally, the equation used in calculating the
consumed power is: CV*F+I,V; where C is capacitance; V
is voltage; F is frequency, and L is static current. The values
of the capacitance and the voltage usually determine the size
and resolution of the LCD panel, and the frequency deter-
mines the resolution and performance of a first switch. For
reducing power consumption, the LCD panel displays a
static image in low gray level via a circuit so that a lower
voltage and frequency are transmitted in the data line.

[0006] Please refer to FIG. 1 and FIG. 2. FIG. 1 is a
schematic diagram of an LCD panel pixel driver 10 com-
bined with a digital memory 22 according to the prior art.
FIG. 2 is a diagram of signals of the pixel driver 10. In FIG.
1, the pixel driver 10 comprises a first switch 12, a storage
capacitor 14, and a liquid crystal capacitor 16. The signal of
a scan line 20 turns on the first switch 12 so that the signal
in the data line 18 is transmitted to the liquid crystal
capacitor 16. The storage capacitor 14 and the liquid crystal
capacitor 16 are connected in parallel for maintaining the
voltage of the liquid crystal capacitor 16. Additionally, the
pixel driver 10 comprises a digital memory 22. A first end of
the pixel driver 10 is connected to a first end of liquid crystal
capacitor 16, and a second end of the pixel driver 10 is
connected to the first end of the liquid crystal capacitor 16
through a third switch 24. A second end of the liquid crystal
capacitor 16 is connected to a common voltage Vo, that is
an oscillating voltage. The second switch 24 and the third
switch 26 are controlled by a first control line 28 and a
second control line 30 respectively.

[0007] When the LCD panel operates in a normal mode,
the first control line 28 turns off the second switch 24, and
the second control line 30 turns off the third switch 26. The
data in the data line 18 is transmitted to the liquid crystal
capacitor 16 through the first switch 12.

[0008] When the LCD panel operates in a standby mode,
the data of the liquid crystal capacitor 16 is possibly a high
voltage or a low voltage. FIG. 2 is a schematic diagram
showing the data in the liquid crystal capacitor 16 as a high
voltage when the LCD panel operates in a standby mode. In
FIG. 2, when the LCD panel operates in a pre-standby
mode, the signal of the first control line 28 turns on the
second switch 24 to transmit the high voltage stored in the
liquid crystal capacitor 16 to the digital memory 22. Then,
when the LCD panel operates in standby mode, according to
the oscillating cycle of the common voltage Vg, the
second switch 24 and the third switch 26 are turned on and
off in turn to maintain a constant voltage difference in the

1. Field of the Invention
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liquid crystal capacitor 16 so that the LCD panel displays a
black image. When the voltage stored in the digital memory
22 in the pre-standby mode is a low voltage, according to the
oscillating cycle of the common voltage Vg, With the
second switch 24 and the third switch 26 being turned on and
off in turn, the voltage difference in the liquid crystal
capacitor 16 is zero so that the LCD panel displays a white
image. In addition, storing the voltage of the liquid crystal
capacitor 16 in the digital memory 22 can temporarily stop
output of the high-frequency voltage in the data line 18 for
reducing power consumption.

[0009] Please refer to FIG. 3. FIG. 3 is a schematic
diagram of an LCD panel pixel driver 32 incorporating a
dynamic memory 32 according to the prior art. In FIG. 3, the
same elements of FIG. 1 use the same symbols. In addition
to the first switch 12, the storage capacitor 14, and the liquid
crystal capacitor 16, the pixel driver 32 further comprises a
selection switch 34, a complementary selection switch 36, a
first connection switch 38, a second connection switch 40,
and an address switch 42. When the LCD panel operates in
the normal mode, the signal of the scan line 20 turns on the
first switch 12 and the address switch 42, and an updating
signal line 44, and turns off the first connection switch 38
and the second switch 40, and further, inputs the signal in the
data line 18 to the storage capacitor 14. When the voltage
stored in the storage capacitor 14 is a high voltage, the
selection switch 34 is turned on to transmit the signal of a
reference voltage line 46 to the liquid crystal capacitor 16.
When the voltage stored in the storage capacitor 14 is a low
voltage, the selection switch 34 1s turned off and the voltage
of the liquid crystal capacitor 16 is held. The voltage of the
liquid crystal capacitor 16 is controlled by the time that the
first switch 12 and the address switch 42 are turned on by the
scan line 20.

[0010] When the LCD panel operates in the standby mode,
the signal of the scan line 20 turns off the first switch 12 and
the address switch 42, and the signal of the updating signal
line 44 turns on the first connection switch 38 and the second
connection switch 40. When the voltage stored in the storage
capacitor 14 is a high voltage, the selection switch 34 is
turned on and the complementary selection switch 36 is
turned off, and the signal in the reference voltage line 46 is
transmitted to the liquid crystal capacitor 16 through the first
connection switch 38. The LCD panel displays a black
image. When the voltage stored in the storage capacitor 14
is a low voltage, the selection switch 34 is turned off and the
complementary selection switch 36 is turned on, and the
common voltage V., is transmitted to the liquid crystal
capacitor 16 through the second connection switch 40. The
LCD panel displays a white image. Therefore, the storage
capacitor 14 is identical to the dynamic memory element
recording the voltage of the liquid crystal capacitor 16 when
the LCD panel operates in a standby mode, and the high-
frequency voltage in the data line is not transmitted for
reducing power consumption.

[0011] When the LCD panel operates in a normal mode,
higher voltage and frequency are transmitted in the data line
18 resulting in higher power consumption. Therefore after
the LCD panel operates in a standby mode, the transient
voltage is recorded by the memory in the pixel driver 32 so
that the LCD panel displays a white or black display.
However, when the pixel driver 10 in FIG. 1 is combined
with the digital memory 22, the amount of transistors and
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signal lines assembled in the pixel driver 10 is quite large so
that the pixel driver 32 is only suitable for a reflective or
half-reflective LCD panel. Additionally, the common volt-
age of the pixel driver 32 in FIG. 3 is a non-oscillating
signal that is not suitable for the purposes of reducing
physical dimensions and power consumption.

SUMMARY OF INVENTION

[0012] Tt is therefore a primary objective of the claimed
invention to provide a method for reducing power consump-
tion of an LCD panel in a standby mode.

[0013] According to the claimed invention an LCD panel
comprises a plurality of pixel drivers each comprising a
liquid crystal capacitor, a storage capacitor, four switches, a
comparator, and a selection circuit. The method for reducing
power consumption comprises the following steps: (a) turn-
ing on a first switch and a third switch, and turning off a
second switch and a fourth switch to transmit data from a
data line to the liquid crystal capacitor and the storage
capacitor; and (b) turning off the first switch and the third
switch, and turning on the second switch and the forth
switch to transmit the data from the data line to the com-
parator, the comparator comparing a voltage with a refer-
ence voltage and outputting a control signal to the selection
circuit, and the selection circuit outputting a corresponding
display signal to the liquid crystal capacitor according to the
control signal.

[0014] These and other objectives of the claimed 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 DRAWINGS

[0015] FIG. 1 is a schematic diagram of an LCD panel
pixel driver combined with a digital memory according to
the prior art.

[0016] FIG. 2 is a diagram of signals of the pixel driver of
FIG. 1.
[0017] FIG. 3 is a schematic diagram of an LCD panel

pixel driver combined with a dynamic memory according to
the prior art.

[0018] FIG. 4 is a schematic diagram of an LCD panel
pixel driver according to the present invention.

[0019] FIG. 5is a diagram of signals of the pixel driver of
FIG. 4.

[0020] FIG. 6 is a diagram of voltages of the pixel driver
of FIG. 4.

[0021] FIG. 7 is a circuit diagram of the pixel driver of
FIG. 4.

DETAILED DESCRIPTION

[0022] Please refer to FIG. 4. FIG. 4 is a schematic

diagram of an LCD panel pixel driver 50 according to the
present invention. The pixel driver 50 comprises a liquid
crystal capacitor 16 connected to a storage capacitor 14
through a third switch 54, a first switch 12 connected
between the storage capacitor 14 and a data line 18, an input
end of a comparator 58 connected to the storage capacitor 14
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through a second switch 52, and an output end of a selection
circuit 60 connected to a liquid crystal capacitor 16 through
a forth switch 56. In addition, the pixel driver 50 comprises
a scan line 20 used to control the first switch 12, a first clock
62 used to control the third switch 54 and the forth switch
56, and a second clock 64 used to control the second switch
52. The third switch 54 and the forth switch 56 are comple-
mentary. When the third switch 54 is turned on, the forth
switch 56 is turned off, and when the third switch 54 is
turned off, the forth switch 56 is turned on. Furthermore,
ground ends of the storage capacitor 14 and the liquid crystal
capacitor 16 are connected to a common voltage Vg, 66.
The common voltage V., 66 can be a constant level signal
or an oscillating signal. When an oscillating voltage is used,
it is possible to maintain a constant voltage difference to use
the lowest peak value voltage for reducing power consump-
tion. (The common voltage Vg, in this embodiment is an
oscillating voltage.)

[0023] When the LCD panel operates in a normal mode,
the first switch 12 and the third switch 54 of the pixel driver
50 are turned on, the second switch 52 and the forth switch
56 of the pixel driver 50 are turned off, and data is trans-
mitted from the data line 18 to the liquid crystal capacitor 16
and the storage capacitor 14. When the LCD panel operates
in the normal mode, the storage capacitor 14 is connected in
parallel to the liquid crystal capacitor 16 to maintain the
voltage of the liquid crystal capacitor 16. The voltage of the
liquid crystal capacitor 16 determines the rotation angle of
the liquid crystal to control the ratio of light transmission.

[0024] When the LCD operates in a standby mode, the first
switch 12 and the third switch 54 of the pixel driver 50 are
on, and the second switch 52 and the forth switch 56 are off,
the voltage stored in the storage capacitor 14 is input to the
comparator 58, the comparator 58 comparing the signal with
a reference voltage V5% 70. The comparator 58 outputs a
control signal to the selection circuit 60 according to the
comparison result, and the selection circuit 60 outputs a
corresponding display signal to the liquid crystal capacitor
16 according to the control signal. The reference voltage
V% 70 is a pixel voltage of approximately 50% light
transmission. When the voltage stored in the storage capaci-
tor 14 is higher than the reference voltage Vs,% 70 when
Vceom is required at the low voltage, the selection circuit 60
outputs an inverted common voltage XV, 68 according
to the control signal so that the voltage between the two ends
of liquid crystal is a high voltage, and the LCD panel is
controlled to display a black image. The inverted common
voltage XV 68 is the complementary voltage signal of
the common voltage Vqy, 66. When the voltage stored in
the storage capacitor 14 is lower than the common voltage
Vso% 70 when Vcom is required at the low voltage, the
selection circuit 60 outputs the common voltage Vopy 66
according to the control signal so that the voltage between
the two ends of the liquid capacitor 16 is a low voltage, and
the LCD panel is controlled to display a white image. The
following is the detailed description of operation of the LCD
panel pixel driver 50 according to the present invention.

[0025] Please refer to FIG. 5. FIG. 5 is a diagram illus-
trating signals of the pixel driver 50 during operation. As
FIG. 5 shows, SL is a signal of the scan line 20, CK1 is a
signal of the first clock 62, and CK2 is a signal of the second
clock 64. There are two stages when the pixel driver 50
operates in the normal mode, a charging stage and a holding
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stage. In the charging stage, the scan line 20 turns on the first
switch 12, the first clock 62 turns on the third switch 54 and
turns off the forth switch 56, and the second clock 64 turns
off the second switch 52 and transmits data from the data
line 18 to the storage capacitor 14 and the liquid crystal
capacitor 16. Then, when entering the holding stage, the
scan line 20 turns off the first switch 12, the first clock 62
turns on the third switch 54 and turns off the forth switch 56
for a period, the second clock 64 turns off the second switch
52 for a period, and the storage capacitor 14 assists the liquid
crystal capacitor in maintaining a constant level voltage.

[0026] There are three stages when the pixel driver 50
operates in the standby mode. The three stages are a com-
paring stage, a latching stage, and an oscillating stage. In the
comparing stage, the scan line 20 turns off the first switch
12, the first clock 62 turns off the third switch 54 and turns
on the forth switch 56, the second clock turns on the second
switch 52, and the voltage stored in the storage capacitor 14
is transmitted to the comparator 58 through the second
switch 52. The comparator 58 compares the voltage stored
in the storage capacitor 14 and the reference voltage V5%
and outputs a control signal to the selection circuit 60
according to the result of the comparison. In the latching
stage, the scan line 20 maintains the first switch 12 off, the
first clock 62 maintains the third switch 54 on and turns on
the forth switch 56, and the second clock 64 turns off the
second switch 52 to confirm the output signal of the com-
parator 38. Finally in the oscillating stage, the states of all
switches are maintained. When the voltage stored in the
storage capacitor 14 is higher than the reference voltage
V% 70, the control signal is a high voltage, and the
selection circuit 60 outputs the common voltage Vo, 66 to
the liquid crystal capacitor 16. When the voltage stored in
the storage capacitor 14 is lower than the reference voltage
Vso% 70, the control signal is a low voltage, and the
selection circuit 60 outputs the inverted common voltage
XV_,, 68 to the liquid crystal capacitor 16.

[0027] Please refer to FIG. 6. FIG. 6 is a diagram of the
voltages of the pixel driver 50 during operation. A voltage
V(SCAN) is the voltage of the scan line 20, V(DATA) is the
voltage of the data line 18, V(50%) is the voltage of the
reference voltage V0%, V(CK1) is the voltage of the first
clock 62, V(CK2) is the voltage of the second clock 64,
V(COM) is the common voltage Vi, 66, and V(CLC) is
the voltage of the liquid crystal capacitor 16. First, when the
LCD panel operates in the normal mode, a high voltage of
the scan line 20 turns on the first switch 12. When the
voltage of the data line 18 is lower than the reference voltage
V5% 70, a low voltage of the second clock 64 turns off the
second switch 52, and the data line 18 charges the storage
capacitor 14 and the liquid crystal capacitor 16. The voltage
of the scan line 20 reduced to a low voltage turns off the first
switch 12, and the storage capacitor 14 sustains the voltage
of the liquid crystal capacitor 16. The voltage of the first
clock 62 reduced to a low voltage turns off the third switch
54 and turns on the forth switch 56. When the LCD panel
operates in a standby mode, the voltage of the second clock
64 increased to a high voltage turns on the second switch 52
for a period and then turns off the second switch 52 to
transmit the voltage stored in the storage capacitor 14 to the
comparator 58. The comparator compares the voltage stored
in the storage capacitor 14 and the reference voltage V5%
70. As the voltage stored in the storage capacitor 14 is lower
than the reference voltage V5% 70, the comparator 58
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outputs the control signal to the selection circuit 60 and the
selection circuit 60 outputs the common voltage Vg, 66 to
the liquid crystal capacitor 16. As shown in the first parts of
V(CLC) and V(COM) in FIG. 6, the voltage difference
between the two ends of the liquid crystal capacitor 16 is
zero so that the LCD panel displays a white image. When the
LCD panel operates in the normal mode again, the voltage
of the scan line 20 raised to a high voltage turns on the first
switch 12, the voltage of the first clock 62 raised to a high
voltage turns on the third switch 54 and turns off the forth
switch 56, and the voltage of the second clock 64 being a
low voltage turns off the second switch 52. As the voltage of
the data line 18 is higher than the reference voltage V% 70,
the data line 18 charges the storage capacitor 14 and the
liquid crystal capacitor 16. The voltage of the scan line
reduced to a low voltage turns off the first switch 12 so that
the storage capacitor 14 sustains the voltage of the liquid
crystal capacitor 16. When the LCD panel operates in a
standby mode, the voltage of the first clock 62 reduced to a
low voltage turns off the third switch 54 and turns on the
forth switch 56. The voltage of the second clock 64 raised to
a high voltage turns on the second switch 52 for a period and
then turns off the second switch 52 to transmit the voltage
stored in the storage capacitor 14 to the comparator 58. The
comparator compares the voltage stored in the storage
capacitor 14 with the reference voltage V5% 70. As the
voltage stored in the storage capacitor 14 is higher than the
reference voltage V5% 70, the comparator 58 outputs the
control signal to selection circuit 60, and the selection circuit
60 outputs the inverted common voltage XV, 68 to the
liquid crystal capacitor 16. As shown in the second parts of
V(CLC) and V(COM) in FIG. 6, the voltage difference
between the two ends of the liquid crystal capacitor 16 is 4V
so that the LCD panel displays a black image.

[0028] Please refer to FIG. 7. FIG. 7 is a schematic
diagram of circuit structure of the pixel driver 50 according
to the present invention. In FIG. 7, components enclosed by
a dashed line are the circuit structures of the comparator 58
and the selection circuit 60 of FIG. 4. As shown in FIG. 7,
the comparator 58 comprises seven transistors and the
selection circuit 60 comprises two transistors. The compara-
tor 58 and the selection circuit 60 illustrated are examples,
and other kinds of circuit structures for the comparator 58
and the selection circuit 60 are suitable for this invention. In
addition, when the pixel driver is used in a 100% light
transmission LCD panel, the numbers of transistors used in
the comparator 58 and selection circuit 60 should be
decreased.

[0029] In the present invention, a general pixel driver 50
includes the second switch 52, the third switch 54, the forth
switch 56, the comparator 58, and the selection circuit 60.
When the second switch 52, the third switch 54, and the
forth switch 56 are turned on and off, the pixel driver 50
operates in the normal mode in much the same way as the
prior art pixel driver. When the LCD panel operates in the
normal mode, the comparator 50 compares the voltage of the
storage capacitor 14 and the reference voltage V5% 70 to
output the control signal to the selection circuit 60 according
to the comparison result. The selection circuit 60 outputs the
corresponding voltage to the liquid crystal capacitor 16
according to the control signal and controls the voltage
between the two ends of the liquid crystal capacitor 16 to be
a high voltage or a low voltage. The LCD panel displays a
normally white or a normally black image according to the
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voltage between the two ends of the liquid crystal capacitor
16 so that the high-frequency voltage signal in the data line
18 can be temporarily not transmitted, and the data driver
and scan driver can be turned off for reducing power
consumption.

[0030] Compared to the prior art, when the pixel driver 50
of the present invention operates in the normal mode, the
data line 18 directly charges the storage capacitor 14 and the
liquid crystal capacitor 16. The function of the pixel driver
is identical to the function of the conventional pixel driver.
In the prior art, the dynamic memory is combined with the
pixel driver 32 and the voltage of the storage capacitor 14
controls the charge time of the liquid crystal capacitor 16,
that is, not directly via the data line 18 to charge the liquid
crystal capacitor 16, so that there are perhaps some problems
in the operation process of the prior art. Additionally, the
pixel driver 50 of the present invention is suitable for use
when the reference voltage Vogy, 66 is inverted or not
inverted, and the peak voltage is smaller and the power
consumption is reduced when the inverted reference voltage
is used. In the prior art, the common voltage Vo, 66 of the
pixel driver combined with the dynamic memory is not
inverted and is consequently not suitable for reduction in
size and reducing power consumption. Additionally, when
the pixel driver 50 operates in the standby mode, the
comparator 58 and the selection circuit 60 achieve the goal
of reducing power consumption by turning off the data
driver and the scan driver of the LCD panel.

[0031] Those skilled in the art will readily observe that
numerous modifications and alterations of the device may be
made while retaining the teachings of the invention. Accord-
ingly, the above disclosure should be constructed as limited
only by the metes and bounds of the appended claims.

What is claimed is:

1. A method for reducing power consumption of an LCD
panel in a standby mode, the LCD panel comprising a
plurality of pixel drivers, each pixel driver comprising:

a liquid crystal capacitor;

a storage capacitor connected to the liquid crystal capaci-
tor through a third switch;

a first switch connected between the storage capacitor and
adata line, the storage capacitor receiving data from the
data line when the first switch is turned on;

a comparator connected to the storage capacitor through
a second switch for receiving the data from the storage
capacitor when the second switch is turned on; and

a selection circuit having an input end connected to the
output end of the comparator, the output end of the
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selection circuit connected to the liquid crystal capaci-
tor through a fourth switch;

the method comprising the following steps:

(2) turning on the first switch and the third switch, and
turning off the second switch and the fourth switch to
transmit the data from the data line to the liquid crystal
capacitor and the storage capacitor; and

(b) turning off the first switch and the third switch, and
turning on the second switch and the fourth switch to
input a voltage stored in the storage capacitor to the
comparator, the comparator comparing the voltage with
a reference voltage and outputting a control signal to
the selection circuit, the selection circuit outputting a
corresponding display signal to the liquid crystal
capacitor according to the control signal.

2. The method of claim 1 wherein in the step (b), when the
voltage of the storage capacitor is higher than the reference
voltage, the selection circuit outputs a black display signal
to the liquid crystal capacitor; and when the voltage of the
storage capacitor is lower than the reference voltage, the
selection circuit outputs a white display signal to the liquid
crystal capacitor.

3. The method of claim 1 wherein the reference voltage is
a pixel voltage of approximately 50% light transmission.

4. The method of claim 1 wherein the third switch and the
fourth switch are complementary; when the third switch
turns on, the fourth switch turns off, and when the third
switch turns off, the fourth switch turns on.

5. The method of claim 4 wherein the third switch and the
first switch turn on at the same time, and the third turns off
after the first switch turns off so that the storage capacitor is
capable of maintaining the voltage of the liquid crystal
capacitor.

6. The method of claim 5 wherein after the third switch
turns off, the second switch immediately turns on for a
period and then turns off so that the comparator is capable
of reading the voltage of the storage capacitor.

7. The method of claim 1 wherein the LCD is in a normal
mode when the third switch is on, and the standby mode
when the third switch is off.

8. The method of claim 1 wherein the storage capacitor
and the liquid crystal capacitor are connected to a common
vollage.

9. The method of claim 8 wherein the common voltage is
an oscillating signal or a constant level signal.

10. The method of claim 1 wherein the first switch is
controlled by a scan line, the second switch is controlled by
a second clock, and the third and fourth switches are
controlled by a first clock.
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