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1
GATE DRIVING METHOD AND CIRCUIT
FOR LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional application of and claims
the priority benefit of U.S. non-provisional application Ser.
No. 11/110,088, filed on Apr. 19, 2005, now allowed, which
claims the priority benefits of Taiwan application serial no.
93132699, filed on Oct. 28, 2004. The entirety of each of the
above-mentioned patent applications is incorporated by ref-
erence herein and made a part of this specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an improved method for
driving a liquid crystal display, and more particularly to a
method of reducing flickers and a method of increasing charg-
ing time of a liquid crystal display.

2. Description of the Related Art

Liquid crystal displays (LCDs) have become popular in
recent years. Not only can LCDs save spaces, but power
consumption can also be reduced. LCDs with large sizes and
high resolutions have replaced traditional displays, such as
cathode radiation tube displays. Large-size LCDs, however,
have a serious issue. The larger the screens of LCDs, the more
serious the flicker on the screens of LCDs.

FIG. 1 is a configuration showing a basic structure of an
LCD. The gate driver 102 turns on or off the thin film tran-
sistor (TFT). The source driver 101 outputs data to a liquid
crystal capacitor so that the voltage supplied to the liquid
crystal capacitor reaches a desired level when the TFT is
turned on.

Traditionally, the gate driver IC 1024 of the LCD outputs
control signals to turn on the TFTs sequentially. The source
driver IC 101a then outputs the data to the liquid crystal
capacitors. Due to the inherent characteristics of the LCD, the
flicker would occur while display images.

FIG. 2 is a schematic configuration of a subpixel in a LCD
panel. Generally, a LCD subpixel comprises a switch device,
such as a TFT, a liquid crystal capacitor C, ., and a holding
capacitor C_,, which are both coupled to the TFT. A plurality
of subpixels constitute a row-and-column array. Gates G of
subpixels in the same column are coupled to a scan line, and
sources S of subpixels in the same row are coupled to a data
line. As shown in FIG. 2, when the n-th scan line G, is
selected, the gate driver IC of the LCD outputs the control
signal to the n-th scan line G,,, i.e., to the gate G of the TFT.
The data signal waveform is transmitted to the n-th data line
Sn. The TFT then is turned on, and the data is transmitted
from the source S of the TFT to the drain D of the TFT to
charge the liquid crystal capacitor C,. and the holding
capacitor C,. According to the voltage across the liquid crys-
tal capacitor C, ., the subpixel displays the gray level of the
subpixel for displaying image. The holding capacitor C,,
maintains the voltage across the liquid crystal capacitor C,
during the displaying cycle.

The outputted control signal waveform shown in FIG. 2 is
a square waveform. During the LCD semiconductor manu-
facturing process, stray capacitance and resistance are gener-
ated on the scan line, which causes RC delay and eventually
results in the distortion of the waveform. FIG. 3A is a con-
figuration showing a control signal waveform outputted from
a gate driver IC of the LCD. In FIG. 3A, Vg and Vg,
represent a high voltage level and a low voltage level of the
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control signal waveform, respectively. AV, represents the
difference between the high voltage level and the low voltage
level. FIG. 3B is a configuration showing a distorted wave-
form after the influence of the stray capacitance and resis-
tance on the scan line. FIG. 3C is a configuration showing a
waveform at the end portion of the scan line. V, represents the
high voltage level after waveform distortion, and AV, repre-
sents the difference between the high voltage level and the
low voltage level after waveform distortion. The impact
caused by the RC delay to the control signal waveform can be
clearly seen. The waveform at the end portion of the scan line
is different from the front portion of the scan line. The situa-
tion becomes worse when the screen size of the LCD is
increased. The control signal waveform at the end portion of
the scan line requires more time to reach the voltage level,
suchas Vg and Vg, .

In order to turn off all TFTs on the scan line G,, while the
scan line G,,, ; is triggered, a gate output enable (GOE) signal
is outputted from the gate driver IC to make sure that two
neighboring scan lines will not be enabled simultaneously.
The timing is shown in FIG. 4. Conventionally, a charging
time, i.e., a clock pulse, for a scan line is t,,. If the GOE signal
is applied, the charging time is reduced by At and the actual
charging time of the scan line is t5. The higher the resolution
of the LCD, the shorter the clock pulse t,. In addition, the
larger the screen size of the LCD, the longer the scan line, and
the worse the RC delay. Accordingly, At should be increased
to avoid simultaneously enabling two neighboring scan lines.

With the trend of a large-size LCD screen with higher
resolution, the charging timet,, is reduced, and since At should
be kept at a certain interval, the actual charging time ts
becomes shorter. Therefore, the charging time is insufficient.
For manufacturing a large-size LCD with high resolution, the
insufficient charging time would work against it.

Another issue when driving the LCD is the feed-through
effect. This effect is shown by the formula below:

Cep 1)
V, =—————AV,
feediirough = G
AV =(V = Vgp)

In formula (I), Cg;, represents the stray capacitance
between the gate and drain of the TFT, C, . represents the
liquid crystal capacitance, C,, represents the holding capaci-
tance, and AV represents the voltage difference at the end of
the control signal waveform.

FIG. 5 is a configuration showing a positive filed and a
negative field. The voltage of the liquid crystal capacitor is
charged to the desired voltage level during the turn-on period
of'the TFT, but the voltage is reduced by AV, when the signal
is cut off because of the stray capacitance C, between the
gate and drain of the TFT. The voltage reduction will cause
voltage difference between the voltage over the liquid crystal
capacitors and the common voltage V__, in the positive and
negative fields. The voltage difference would result in a
flicker effect. The conventional method to resolve the issue is
to adjust the common voltage V_,,, so that the voltage differ-
ence between the voltages over the liquid crystal capacitors
and the common voltage V__,, in the positive and negative
fields are equal. The dotted line of FIG. 5 represents the
adjusted common voltage V' . The flicker effect of display-
ing is thus prevented.

What stated above is an ideal situation. If all the liquid
crystal subpixels have the same feed-through effect, the
flicker effect can be effectively resolved by adjusting the
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common voltage V.. However, during the manufacturing
process, the feed-through effects on the liquid crystal subpix-
els are different. The improvement after adjusting the com-
mon voltage V__,, is limited. As shown in FIGS. 3A-3C and
the formula (1), there is a voltage difference AV of the control
signal waveforms at the front and end portions of the same
scan line. The high voltage level V, of the distorted waveform
is smaller than the high voltage level V 5, of the control signal
waveform. That is, the voltage difference AV, between the
high voltage level and the low voltage level of the control
signal at the end portion of the scan line is smaller than the
voltage difference AV ., between the high voltage level and
the low voltage level of the trigger signal at the front portion
of the scan line. As a result, the feed-through voltage
V cdnrougn at the front portion of the scan line is different
from the feed-through voltage V.. ;0. at the end portion
ofthe scan line. Even if the common voltage V _,, is adjusted,
the voltage difference between the voltages over the liquid
crystal capacitors and the common voltage V__ . at the end
and the front portions of the scan line are still different. The
flicker effect still remains.

Different from those two methods of resolving the flicker
effect mentioned above, another conventional method pro-
vides a trimmed waveform to reduce the feed-through voltage
effect. As shown in FIG. 6 A, by using the trimmed waveform,
the voltage difference AV between the high voltage level and
the low voltage level at the end of the control signal waveform
changes from AV ;10 AV' ;. Because of the reduction of the
voltage difference AV at the end of the control signal wave-
form, the feed-through voltage effect is also reduced. This
method, however, cannot prevent the waveform distortion
effect caused by the RC delay on the scan line. As shown in
FIG. 6B, due to the RC delay, the waveform at the end portion
of the scan line rises slowly, which would result in different
voltage level when the trimming operation is triggered. That
is, the high voltage level V 5, is higher than the high voltage
level V,, of the distorted waveform. Thus, the voltage level of
the trimmed waveform is also different. Namely, the voltage
difference AV' 5, between the high voltage level and the low
voltage level is larger than the voltage difference AV',
between the high voltage level and the low voltage level of the
distorted waveform. According to FIGS. 6 A and 6B, though
the feed-through voltage effect can be reduced, voltage dif-
ference between the voltages at the end and the front portions
of the scan line and the common voltage V_, are still differ-
ent. The flicker effect still cannot be resolved.

Accordingly, the LCD should be improved in some
aspects. One is that the charging time of the liquid crystal
capacitor should be increased. Another is that the RC delay on
the scan line should be reduced so that the feed-through
voltage V. s rougn at the front portion and end portion of the
scan line can be substantially equal.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a driving
method and a driving circuit of a liquid crystal display which
can minimize the difference of the feed-through voltages at
the front portion and the end portion of the same scan line to
reduce the flicker effect during display.

The present invention is also directed to a driving method
and a circuit of a liquid crystal display which can increase the
charging time of the liquid crystal capacitor.

In order to achieve the objects above, the present invention
provides a gate driving method for a liquid crystal display.
The liquid crystal display comprises a plurality of scan lines.
The gate driving method for the liquid crystal display starts by
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generating a gate driving signal. A correction signal is super-
posed to the gate driving signal to generate a corrected gate
driving signal and to reduce a high voltage level of the gate
driving signal. A polarity of the correction signal is opposite
to a polarity of the gate driving signal. The corrected gate
driving signal is outputted and the corrected gate driving
signal is used to drive a corresponding scan line.

In the gate driving method described above, the gate driv-
ing signal is a positive voltage square wave, and the correction
signal is a negative voltage square wave. In addition, the step
of superposing the correction signal to the gate driving signal
is executed near a declining edge of the gate driving signal.

According to an embodiment of the present invention, a
gate driving method for a liquid crystal display is provided.
The liquid crystal display comprises a plurality of scan lines.
The gate driving method for the liquid crystal display starts by
generating a gate driving signal. A trimming operation is
performed to the gate driving signal to reduce a high voltage
level of the gate driving signal. After the trimming operation,
a correction signal is superposed to the trimmed gate driving
signal to generate a corrected gate driving signal and to
reduce the high voltage level of the gate driving signal. A
polarity of the correction signal is opposite to a polarity of the
trimmed gate driving signal. The corrected gate driving signal
is outputted and the corrected gate driving signal is used to
drive a corresponding scan line.

In the gate driving method described above, the gate driv-
ing signal is a positive voltage square wave, and the correction
signal is a negative voltage square wave. The trimming opera-
tion is executed near the declining edge of the gate driving
signal. It is preferred that the step of superposing the correc-
tion signal to the trimmed gate driving signal is executed
immediately after the trimming operation.

According to an embodiment of the present invention, a
method of generating a gate driving signal of a liquid crystal
display is provided, whereby the gate driving signal can drive
a scan line of the liquid crystal display. The method of gen-
erating the gate driving signal of the liquid crystal display
starts by generating a positive voltage square wave signal
having a high voltage level and a low voltage level. A negative
voltage square wave signal is superposed to the positive volt-
age square wave signal at a first preset time before a declining
edge of the positive voltage square wave signal to generate the
gate driving signal.

In the gate driving method described above, the method
further comprises performing a trimming operating to the
gate driving signal at a second preset time before the declin-
ing edge of the positive voltage square wave signal to reduce
the high voltage level of the gate driving signal, wherein the
first preset time is after the second preset time. It is preferred
that the step of superposing the negative voltage square wave
signal is executed immediately after the trimming operation.

According to an embodiment of the present invention, a
gate driver generates a gate driving signal to drive multiple
scan lines of a liquid crystal display. The gate driver com-
prises a positive voltage square wave generation module to
generate a positive voltage square wave signal having a high
voltage level and a low voltage level; a negative voltage
square wave generation unit to generate a negative voltage
square wave signal; a superposing unit coupled to an output
terminal of the positive voltage square wave generation mod-
ule and an output terminal of the negative voltage square wave
generation unit. The negative voltage square wave signal is
superposed to the positive voltage square wave signal at a first
preset time before a declining edge of the positive voltage
square signal to generate the gate driving signal.
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In the gate driver above, the gate driver may further com-
prise a trimming unit coupled to the positive voltage square
wave generation module. The trimming unit performs a trim-
ming operation to the gate driving signal at a second preset
time before the declining edge of the positive voltage square
wave signal to reduce the high voltage level of the gate driving
signal, wherein the first preset time is after the second preset
time.

According to the methods and structures of the present
invention, a negative voltage square wave signal is used for
correction before the gate driving signal with the positive
voltage square wave is applied to the scan line. The corrected
gate driving signal is then applied to the scan line. Because the
negative voltage square signal is also affected by the stray
capacitance and the stray resistance of the scan line, the
difference of the high voltage level and the low voltage level
at the declining edge of the gate driving signal on the same
whole scan line will be substantially equal. As a result, the
feed-through voltages are also equal. Not only can the flicker
effect be substantially improved, but the charging time of the
liquid crystal capacitor is also increased.

The above and other features of the present invention will
be better understood from the following detailed description
of'the preferred embodiments of the invention that is provided
in communication with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration showing a basic structure of an
LCD.

FIG. 2 is a schematic configuration of a subpixel in an LCD
panel.

FIG. 3A is a configuration showing a control signal wave-
form outputted from a gate driver IC of an LCD.

FIG. 3B is a configuration showing a distorted waveform
after the influence of the stray capacitance and resistance on
the scan line.

FIG. 3C is a configuration showing a waveform at the end
portion of the scan line.

FIG. 4 is a time sequence.

FIG. 5 is a configuration showing a positive filed and a
negative field.

FIG. 6A is a configuration showing a trimmed waveform.

FIG. 6B is a configuration showing a trimmed waveform at
the end portion of a scan line.

FIG. 7 is a schematic configuration showing a negative
square waveform and a negative square waveform with RC
delay.

FIG. 8 is a schematic drawing showing a negative voltage
square waveform superposed to a driving signal waveform.

FIG.9 is a configuration showing a negative voltage square
waveform superposed to a trimmed waveform.

FIG. 10 is a timing diagram of generation and output of a
gate driving signal according to the present invention.

FIG. 11 is a block diagram of gate driver according to the
present invention.

DESCRIPTION OF SOME EMBODIMENTS

The technical feature of the present invention is to mini-
mize difference of feed-through voltage of transistors on the
same scan line so as to reduce the flicker effect during display.
In the present invention, it is assumed that C;,/(C5p+C; o+
Cst) in the formula (1) is a constant. The voltage difference at
the end of the driving signal is modified by merely adjusting
AV.
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Since the inputted positive voltage square wave signal, i.e.,
the gate driving signal, would trigger the described issues in
the conventional technology, the inputted negative voltage
square wave signal would also be affected by the stray capaci-
tance and resistance of the scan line when passing through.
Accordingly, if a negative voltage square wave signal, i.e., a
correction signal, is superposed to the positive voltage square
wave signal to generate a corrected gate driving signal, the
difference of voltage drops of the positive voltage square
wave signal at the front and the end portions of the scan line
will be reduced by superposing the negative voltage square
signal. The following is a detailed description of superposing
the negative voltage square wave signal.

FIG. 7 is a schematic configuration showing a negative
square wave. If the stray resistance and the stray capacitance
onthescan lineare R, ,; and C,,,;, respectively, due to the
RC delay on the scan line, the waveform at the end of the scan
line is show in the right side in FIG. 7. When the negative
voltage square wave signal is applied to the liquid capacitor of
the scan line, the voltage over the liquid capacitor would
decline. The RC delay on the scan line would cause different
voltages of the negative square signal on the front portion and
end portion of the scan line. That is, the low voltage level IV |
of the negative voltage square wave signal at the front portion
is larger than the low voltage level |Vl of the distorted
negative voltage square wave signal at the end portion.
Accordingly, when the negative voltage square wave is
applied to the liquid crystal capacitor C, . of the scan line, the
voltage drops at the end portion is smaller than that at the front
portion of the scan line. Therefore, the voltage drops at the
front and the end portion of the scan line are closer.

FIG. 8is a configuration showing a corrected voltage wave-
form by superposing a negative voltage square wave signal to
a positive voltage square wave signal. Referring to the left
figure in FIG. 8, it shows the front portion of the scan line. The
timing of superposing the negative voltage square wave sig-
nal is before the high voltage level of the positive voltage
square wave signal changes to the low voltage level V5, , such
as OV. AV" ., represents the voltage difference between the
high voltage level and the low voltage level of the negative
voltage square wave signal. If the negative voltage square
wave signal in FIG. 7 is applied, the high voltage level V ;,, of
the positive voltage square wave signal is pulled down to
V" by the negative voltage -V, of the negative voltage
square wave signal in FIG. 7. AV in formula (1) changes from
Veu-Vear 0 V'ou—Var=AV" g In other words, AV is
reduced by V g,~V" 1

Referring to the right figure in FIG. 8, it shows the wave-
form at the end portion of the same scan line. The timing of
superposing the negative voltage square wave signal is also
before the high voltage level of the positive voltage square
wave signal changes to the low voltage level V5, such as OV.
AV', represents the voltage difference between the high volt-
age level and the low voltage level by superposing the nega-
tive voltage square wave signal to the distorted waveform.
According to FIG. 8, when the negative voltage square wave
signal of FIG. 7 is applied, the high voltage level V; of the
positive voltage square wave signal at the end portion of the
scan line is pulled down to V', by the negative voltage -V z of
the negative voltage square wave signal in FIG. 7. AV thus
changes from V;-V , to V';-V ;,=AV',. In other words, AV
is reduced by V;-V';.

By comparing the left and right figures in FIG. 8, the
negative voltage square wave signal would also be affected by
the stray capacitance and the resistance of the scan line so that
the voltage drops at the front portion and the end portion of the
scan line are different. Because the polarity of the negative
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voltage square wave signal is opposite to that of the positive
voltage square wave signal, the amount of voltage V 5, pulled
at the front portion and that of V; pulled at the end portion of
the scan line, respectively, are different. Therefore, the volt-
age drops V 5~ V" g and V;-V'; at the front portion and the
end portion of the scan line, respectively, are also different.
Because the voltage V ,, at the front portion of the scan line
is higher than the voltage V; at the end portion, the voltage
drops AV at the front portion and the end portion of the scan
line are substantially equal. That is, AV (front portion)
=AV" o= V" 61—V 1 =AV';=V';=V ;,=AV (end portion).

In other words, when the driving voltage waveform is a
square wave signal, and if the negative voltage square wave
signal is superposed, the voltage difference AV" ., between
the high voltage level and the low voltage level at the front
portion of the scan line is substantially equal to the voltage
difference AV', between the high voltage level and the low
voltage level at the end portion of the scan line of the distorted
waveform. The feed-through voltages V. mrouen are also
substantially equal. By adjusting the common voltage V...,
the voltage difference between the voltages over the liquid
crystal capacitors and the common voltage V_,,,, on the same
scan line are substantially equal in the positive and the nega-
tive fields. Thus, the flicker effect during display can be
reduced.

The present invention is not limited to superposing the
negative voltage square waveform. FIG. 9 is another embodi-
ment of the present invention. In this embodiment, a trimming
operation is applied to the positive voltage square waveform
of the gate driving signal. For the gate driving signal, the
trimming operation performed to the positive voltage square
wave signal is another approach to resolve the flicker issue in
the conventional technology. In the conventional method, the
voltage difference between the voltages over the liquid
capacitors on the front portion and the end portion of the scan
line and the voltage difference of the common voltage are still
substantially different. Thus, the flicker effect in the conven-
tional technology cannot be resolved. By applying the
method of superposing the negative voltage square wave sig-
nal in the present invention, the feed-through voltages at the
front portion and the end portion of the scan line can be
substantially equal. The flicker effect during display can be
prevented.

InFIG. 9, the trimming operation is executed before super-
posing the negative voltage square waveform. The left figure
in FIG. 9 represents the waveform at the front portion of the
scan line; the right figure in FIG. 9 represents the waveform at
the end portion of the scan line. Referring to the left figure in
FIG. 9, the driving signal, i.e., the positive voltage square
wave signal, outputted from the gate driver, is trimmed. The
high voltage level is reduced from V5, to V' 5. After the
trimming operation, the negative voltage square wave signal
is superposed to reduce the high voltage level from V', to
V" ;. When the negative voltage square signal of FIG. 7 is
applied, the high voltage level V', of the trimmed positive
voltage square wave signal is pulled down to V", by the
negative voltage -V, of the negative voltage square wave
signal in FIG. 7. AV in formula (1) changes from V' ;,,~V 5,
to V"o~V =AV" - In other words, AV is reduced by
AV4:VII GH_VI" GE

The right figure in FIG. 9 represents the waveform at the
end portion of the same scan line. The timing of superposing
the negative voltage square wave signal is after the trimming
operation to the high voltage level of the positive voltage
square waveform. AV"g represents the voltage difference
between the high voltage level and the low voltage level of the
distorted waveform by superposing the negative voltage
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square wave signal. In FIG. 9, when the negative voltage
square wave signal of FIG. 7 is applied, the high voltage level
V's of the trimmed positive voltage square wave signal at the
end portion of the scan line is pulled down to V"5 by the
negative voltage -V of the negative voltage square wave
signal in FIG. 7. AV in the formula (1) thus changes from
V' -V to V' =V, =AV".. In other words, AV is reduced
by AV =V"-V",.

By comparing the left and right figures in FIG. 9, the
negative voltage square wave signal is also affected by the
stray capacitance and the resistance of the scan line so that the
voltage drops on the front portion and the end portion of the
scan line are different. Because the polarity of the negative
voltage square wave signal is opposite to that of the positive
voltage square wave signal, the amount of voltage of trimmed
V' pulled at the front portion and that of trimmed V', at the
end portion of the scan line, respectively, are different. The
voltage drops AV, and AV at the front portion and the end
portion of the scan line, respectively, are also different.
Because the voltage V' ;;; at the front portion of the scan line
is larger than the voltage V' at the end portion, the voltage
drops AV at the front portion and the end portion of the scan
line are substantially equal. That is, AV (front portion)
=AV" o= V" o=V r=AV" =V" -V ;,=AV (end portion).

In other words, if the driving voltage waveform is a square
waveform, if the trimming operation is performed to the
driving voltage waveform, and if the negative voltage square
signal is superposed, the voltage difference AV™ ,, between
the high voltage level and the low voltage level at the front
portion of the scan line is substantially equal to the voltage
difference AV" between the high voltage level and the low
voltage level at the end portion of the scan line after distortion.
The feed-through voltages V .., /.. are substantially equal.
By adjusting the common voltage V_,,,, the voltage differ-
ences between the voltages over the liquid crystal capacitors
and the common voltage V_,,, on the same scan line are
substantially equal. The flicker effect during display can be
reduced.

According to the descriptions above, the negative voltage
square wave signal is superposed to the gate driving signal,
i.e., the driving signal waveform, outputted from the gate
driver. Next, whether the trimming operation is executed to
the gate driving signal, the voltage drops AV at the front
portion and the end portion of the scan line are substantially
equal. Because the feed-through voltage V. 0.5 18 ProO-
portional to the voltage drop AV at the end of the driving
signal waveform, the feed-through voltages V .. ;0. at the
front portion and the end portion of the scan line are substan-
tially equal. Accordingly, the flicker effect during display can
be effectively resolved.

The method described above can be implemented by cou-
pling a negative voltage square wave generator to the gate
driver. For the trimming operation, a circuit which can per-
form the trimming operation can be coupled to relevant cir-
cuits. For example, the circuit for generating the negative
voltage square wave signal and the circuit for performing the
trimming operation can be coupled to the conventional gate
driver. In addition, the circuit may comprise a superpose
circuit to superpose the positive voltage square wave signal
and the negative voltage square wave signal to generate the
corrected gate driving signal.

Another disadvantage of the liquid crystal display is the
insufficiency of charging time. The present invention can also
resolve the issue. The following is a description of increasing
charging time according to the present invention.

FIG. 10 is a timing diagram of generation and output of a
gate driving signal according to the present invention. Refer-
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ring to FIG. 10, it comprises all signal waveforms described
above. Wherein, GCK represents the clock waveform of the
gatedriver IC, X, represents the signal to trigger the trimming
operation, andY,, represents the signal to trigger the negative
voltage waveform. As shown in FIG. 10, after the time T10 of
the clock waveform GCK, the gate driver outputs the gate
driving signal with the high voltage level V , to the n scan
line G,,. Atthe time T11, according to the inclining edge of the
signal X for triggering the trimming operation, the trimming
operation is executed to the gate driving signal. With a con-
stant slope rate, the high voltage level V 4 is pulled down to
V'Gz At the time T12, which is the declining edge of the
signal X,, for triggering the trimming operation, the trimming
operation is finished, while the signal Y,, for triggering the
negative voltage waveform appears. At the time T12, the
negative voltage waveform is superposed to the trimmed
waveform, and the level V', is pulled down to V"' ;. At the
time T20, the voltage difference is V' 5~V 5. At the time
T20, the gate output enable signal GOE is outputted. After the
output of the signal GOE, the steps described above are
repeated to drive the next scan line G, , ;.

According to the method described above, the negative
voltage square waveform is triggered while the signal X, for
trimming operation is going to be finished. After the gate
output enable signal GOE is triggered, the negative voltage
square waveform keeps working. Accordingly, when the volt-
age level of the thin film transistor on the scan line declines
from the high voltage level V ,, to the low voltage level V;,
of driving signal waveform, the low voltage level V;; of the
driving signal waveform is a negative voltage and the current
direction is the same as the direction of the negative voltage
square waveform. The negative voltage square waveform will
enhance the current speed. As a result, the voltage level can
come to the low voltage level V 5, of driving signal waveform
at a faster speed. The delay effect caused by the RC delay can
be reduced. The signal length of the gate output enable signal
GOE in the conventional technology to avoid triggering two
neighboring scan lines can be also shortened. The charging
time of the liquid crystal capacitor of the liquid crystal display
is thus increased. Therefore, the present invention can solve
the insufficient charging time of the liquid crystal display in
prior art.

FIG. 11 is a block diagram of gate driver according to the
present invention. Referring to FIG. 11, the gate driver gen-
erates a gate driving signal to drive multiple scan lines of a
liquid crystal display (not drawn in FIG. 11) and includes a
positive voltage square wave generation module 110, a nega-
tive voltage square wave generation unit 120, a superposing
unit 130 and a trimming unit 140. The positive voltage square
wave generation module 110 generates a positive voltage
square wave signal having a high voltage level and a low
voltage level. The negative voltage square wave generation
unit 120 generates a negative voltage square wave signal. The
superposing unit 130 is coupled to an output terminal of the
positive voltage square wave generation module 110 and an
output terminal of the negative voltage square wave genera-
tion unit 120. The negative voltage square wave signal is
superposed to the positive voltage square wave signal at a first
preset time before a declining edge of the positive voltage
square wave signal to pull down the high voltage level of the
positive voltage square wave signal by a negative voltage
level of the negative voltage square wave signal. Then, the
superposing unit 130 generates the gate driving signal accord-
ing to the superposing result. The trimming unit 140 performs
a trimming operation to the gate driving signal at a second
preset time before the declining edge of the positive voltage
square wave signal to reduce the high voltage level of the gate
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driving signal, wherein the first preset time is after the second
preset time. Accordingly, the present invention uses a nega-
tive voltage square waveform to reduce the flicker effect
during display and increase the charging time of the liquid
crystal capacitor.

Although the present invention has been described in terms
of exemplary embodiments, it is not limited thereto. Rather,
the appended claims should be constructed broadly to include
other variants and embodiments of the invention which may
be made by those skilled in the field of this art without depart-
ing from the scope and range of equivalents of the invention.

What is claimed is:

1. A gate driving method for a liquid crystal display, the
liquid crystal display comprising a plurality of scan lines, the
gate driving method for the liquid crystal display comprising:

providing an independent gate driving signal to drive one

of the corresponding scan lines; and

providing an independent correction signal to said one of

the corresponding scan lines and pulling down a high
voltage level of the independent gate driving signal to a
first voltage level which is smaller than the high voltage
level and greater than a low voltage level of the indepen-
dent gate driving signal in response to an amplitude of
the independent correction signal before the indepen-
dent gate driving signal is switched from the high volt-
age level to the low voltage level and before a next
independent gate driving signal is provided to a next
corresponding scan line, wherein the first voltage level is
determined by the amplitude of the independent correc-
tion signal,

wherein said one of the corresponding scan lines is con-

tinuously driven by the pulled down gate driving signal
until a gate output enable signal is provided for gener-
ating the next independent gate driving signal, a polarity
of the independent correction signal is opposite to a
polarity of the independent gate driving signal, the inde-
pendent gate driving signal is a positive voltage square
wave, and the independent correction signal is a negative
voltage square wave,

wherein a high voltage level of the independent correction

signal is equal to the low voltage level of the independent
gate driving signal, and a low voltage level of the inde-
pendent correction signal is small than the low voltage
level of the independent gate driving signal,

wherein the independent gate driving signal and the inde-

pendent correction signal are provided to the said one of
the corresponding scan lines in sequence, and are super-
posed with each other on the said one of the correspond-
ing scan lines.

2. A method of generating a gate driving signal of a liquid
crystal display, so that the gate driving signal drives a scan
line of the liquid crystal display, the method of generating the
gate driving signal of the liquid crystal display comprising:

providing an independent positive voltage square wave

signal to the scan line;

performing a trimming operation to the independent posi-

tive voltage square wave signal at a first preset time
before a declining edge of the independent positive volt-
age square signal, so as to reduce a high voltage level of
the independent positive voltage square wave signal to a
first voltage level which is smaller than the first voltage
level and greater than a low voltage level of the indepen-
dent positive voltage square signal; and

providing an independent negative voltage square wave

signal to the scan line at a second preset time before the
declining edge of the independent positive voltage
square wave signal and before a next independent posi-



US 8,502,764 B2
11

tive voltage square wave signal is provided to a next scan
line, and further pulling down the high voltage level of
the independent positive voltage square wave signal
from the first voltage level to a second voltage level
which is smaller than the first voltage level and greater s
than the low voltage level in response to an amplitude of
the independent negative voltage square wave signal,
wherein the second voltage level is determined by the
amplitude of the independent negative voltage square
wave signal, 10
wherein the scan line is continuously driven by the pulled
down positive voltage square wave signal until a gate
output enable signal is provided for generating the next
positive voltage square wave signal, and
wherein the second preset time is after the first preset time, 15
wherein a high voltage level of the independent negative
voltage square wave signal is equal to the low voltage
level of the independent positive voltage square signal,
and a low voltage level of the independent negative
voltage square wave signal is small than the low voltage 20
level of the independent positive voltage square signal,
wherein the independent positive voltage square wave sig-
nal and the independent negative voltage square wave
signal are provided to the scan line in sequence, and are
superposed with each other on the scan line. 25
3. The method of generating the gate driving signal of the
liquid crystal display of claim 2, wherein the independent
negative voltage square signal is provided to the scan line
immediately after the trimming operation.

#* * * #* % 30
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