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PIXEL CHARGING METHOD AND CIRCUIT,
LCD PANEL, AND LCD DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from CN Application No.
201611248443.8 filed on Dec. 29, 2016, in SIPO, the
content of which is hereby incorporated by reference in their
entirety for all purposes.

FIELD OF INVENTION

The present invention relates to the field of liquid crystal
displays (LCDs), in particular to a pixel charging method
and circuit, an LCD panel and an LCD device.

BACKGROUND OF INVENTION

1. Description of the Related Art

At present, some high frame rate televisions (over 120
Hz) or televisions with a tri-gate structure (or a tri-gate
driving circuit) usually have the issue of insufficient charg-
ing, since the tri-gate scan frequency is too high, and the
time of turning on a thin film transistor (TFT) is reduced. In
general, pre-charging is a common measure taken to over-
come the insufficient charge issue. In other words, the
voltage of the N* row is charged to the voltage of the
(N+1)” row, and then a correct voltage is charged to the
(N+1)" row. To reduce the capacitive coupling effect pro-
duced when turning off the switch of the thin film transistor
(TFT), the falling edge of the gate driving voltage VGH
signal of the TFT is cut at an angle. However, the angle
cutting process will reduce the scan potential in the wave-
form of the voltage of the scan line when the pixels are
pre-charged, and thus the electrical conduction of TFT is too
low in the charging process, so as to affect the pixel charging
effect and reduce the pre-charging effect.

2. Summary of the Invention

Therefore, it is a primary objective of the present inven-
tion to overcome the drawbacks of the prior art by providing
a pixel charging method and circuit capable of improving the
pixel charging effect.

To achieve the aforementioned and other objectives, the
present invention provides a pixel charging method com-
prising the steps of: outputting a first driving signal to turn
on an active switch of the N row scan line to pre-charge and
charge an N” row of pixels, wherein the first driving signal
has no angle cutting in a predetermined first time period, and
the predetermined first time period includes a period of time
before and after the pre-charge of the N” row of pixels is
completed, and the first driving signal has an angle cutting
in a predetermined second time period, and the predeter-
mined second time period includes a period of time before
the charge of the N row of pixels is completed, and N is a
natural number; and outputting a second driving signal to
turn on a switch of the (N+1)” row scan line to pre-charge
and charge the (N+1)” row of pixels, wherein the second
driving signal has no angle cutting in a predetermined third
time period, and the predetermined third time period
includes a period of time before and after the pre-charge of
the (N+1)” row of pixels is completed, and the second
driving signal has an angle cutting in a predetermined fourth
time period, and the predetermined fourth time period
includes a period of time before the charge of the (N+1)*
row of pixels is completed, and the difference between the
time point of completing the charge of the N row of pixels
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and the time point of outputting the second driving signal is
positive and equal to or smaller than the pre-charging time
of the (N+1)™ row of pixels.

To achieve the aforementioned and other objectives, the
present invention further provides a pixel charging circuit
comprising: a scan driving circuit, for outputting a first
driving signal to turn on an active switch of the N” row scan
line, and outputting a second driving signal to turn on a
switch of the (N+1)” row scan line; a data driving circuit, for
pre-charging and charging the N” row of pixels when the
first driving signal is outputted, and pre-charging and charg-
ing the (N+1)” row of pixels when the second driving signal
is outputted; wherein the first driving signal has no angle
cutting in a predetermined first time period, and the prede-
termined first time period includes a period of time before
and after the pre-charge of the N” row of pixels is com-
pleted, and the first driving signal has an angle cutting in a
predetermined second time period, and the predetermined
second time period includes a period of time before the
charge of the N” row of pixels is completed, and N is a
natural number; the second driving signal has no angle
cutting in a predetermined third time period, and the prede-
termined third time period includes a period of time before
and after the pre-charge of the (N+1)* row of pixels is
completed, and the second driving signal has an angle
cutting in a predetermined fourth time period, and the
predetermined fourth time period includes a period of time
before the charge of the (N+1)™ row of pixels is completed,
and the difference between the time point of completing the
charge of the N* row of pixels and the time point of
outputting the second driving signal is positive and equal to
or smaller than the pre-charging time of the (N+1)" row of
pixels.

To achieve the aforementioned and other objectives, the
present invention further provides an LCD panel including
the pixel charging circuit, and the pixel charging circuit
comprises: a scan driving circuit, for outputting a first
driving signal to turn on an active switch of the N* row scan
line, and outputting a second driving signal to turn on a
switch of the (N+1)" row scan line; a data driving circuit, for
pre-charging and charging the N row of pixels when the
first driving signal is outputted, and pre-charging and charg-
ing the (N+1)™ row of pixels when the second driving signal
is outputted; wherein the first driving signal has no angle
cutting in a predetermined first time period, and the prede-
termined first time period includes a period of time before
and after the pre-charge of the N” row of pixels is com-
pleted, and the first driving signal has an angle cutting in the
predetermined second time period, and the predetermined
second time period includes a period of time before the
charge of the N row of pixels is completed, and N is a
natural number; the second driving signal has no angle
cutting in a predetermined third time period, and the prede-
termined third time period includes a period of time before
and after the pre-charge of the (N+1)” row of pixels is
completed, and the second driving signal has an angle of
cutting in a predetermined fourth time period, and the
predetermined fourth time period includes a period of time
before the charge of the (N+1)” row of pixels is completed,
and the difference between the time point of completing the
charge of the N row of pixels and the time point of
outputting the second driving signal is positive and equal to
or smaller than the pre-charging time of the (N+1)" row of
pixels.

To achieve the aforementioned and other objectives, the
present invention further provides an LCD device including
the LCD panel, and the LCD panel includes the pixel
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charging circuit, and the pixel charging circuit comprises: a
scan driving circuit, for outputting a first driving signal to
turn on an active switch of the N” row scan line, and
outputting a second driving signal to turn on a switch of the
(N+1)" row scan line; a data driving circuit, for pre-charging
and charging the N” row of pixels when the first driving
signal is outputted, and pre-charging and charging the
(N+1)" row of pixels when the second driving signal is
outputted; wherein the first driving signal has no angle
cutting in a predetermined first time period, and the prede-
termined first time period includes a period of time before
and after the pre-charge of the N” row of pixels is com-
pleted, and the first driving signal has an angle cutting in a
predetermined second time period, and the predetermined
second time period includes a period of time before and after
the charge of the N” row of pixels is completed, and N is a
natural number; the second driving signal has no angle
cutting in a predetermined third time period, and the prede-
termined third time period includes a period of time before
and after the pre-charge of the (N+1)” row of pixels is
completed, and the second driving signal has an angle
cutting in a predetermined fourth time period, and the
predetermined fourth time period includes a period of time
before the (N+1)” row of pixels is completed, and the
difference between the time point of completing the charge
of the N” row of pixels and the time point of outputting the
second driving signal is positive and equal to or smaller than
the pre-charging time of the (N+1)” row of pixels.

In the present invention, two driving signals are used for
driving two adjacent scan lines to pre-charge and charge the
row of pixels. When the pixel of a row is charged, the pixel
of the next row is pre-charged. After the pre-charge of the
pixel is completed, the charging of the pixel starts immedi-
ately, and there is no angle cutting in a certain period before
the pre-charge is completed, so that after the pre-charge of
the pixel ends and the charging of the pixel starts, the active
switch is turned on completely without affecting the actual
charging process, in order to improve the effect of charging
the pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
this disclosure will become apparent from the following
detailed description taken with the accompanying drawings.
It is noteworthy that the drawings are provided for the
purpose of illustrating the invention and other drawings may
be obtained without any significant creative effort by a
person having ordinary skill in the art.

FIG. 1 is a flow chart of a pixel charging method in
accordance with a preferred embodiment of the present
invention;

FIG. 2 is a flow chart showing a sub-step of Step 101 of
a pixel charging method of a preferred embodiment of the
present invention;

FIG. 3 is a flow chart showing a sub-step of Step 102 of
a pixel charging method of a preferred embodiment of the
present invention;

FIG. 4 is a waveform chart of driving signals of a scan line
in accordance with a preferred embodiment of the present
invention;

FIG. 5 is a schematic view of a pixel driving circuit in
accordance with a preferred embodiment of the present
invention;

FIG. 6 is a schematic view of a scan driving circuit in
accordance with a preferred embodiment of the present
invention; and
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FIG. 7 is a schematic view of an LCD device in accor-
dance with a preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Tt is noteworthy that the embodiments are provided for the
purpose of illustrating the present invention, but not
intended for limiting the scope of the invention.

It is noteworthy that this specification uses an open-ended
term “comprising” meaning that the claim encompasses all
the elements listed, but may also include additional
unnamed elements.

With reference to FIG. 1, which is a flow chart of a pixel
charging method in accordance with a preferred embodi-
ment of the present invention, the pixel charging method
comprises the following steps:

S101: Output a first driving signal to turn on an active
switch of the N row scan line to pre-charge and charge the
N% row of pixels, wherein the first driving signal has no
angle cutting in a predetermined first time period T, and the
predetermined first time period T includes a period of time
before and after the pre-charge of the N row of pixels is
completed, and the first driving signal has an angle cutting
in a predetermined second time period T,, and the prede-
termined second time period T, includes a period of time
before and after the charge of the N row of pixels is
completed, wherein N is a natural number.

In a preferred embodiment of the present invention, the
scan driving circuit outputs a first driving signal to a scan
line to turn on an active switch of the scan line, so that the
data driving circuit pre-charges the pixel and the pixel is
charged immediately after the pre-charge ends. The first
driving signal has no angle cutting in a predetermined first
time period T, and the predetermined first time period T,
includes a period of time before and after the pre-charge of
the N” row of pixels is completed, so that a high level can
be maintained without affecting the conduction condition of
the active switch before and after the pre-charge of the pixels
ends, and the active switch is still conducted completely
when the actual charge starts, so as to prevent an incomplete
conduction of the active switch or a low charging effect and
maintain a good pre-charging effect.

S102: Output a second driving signal to turn on a switch
of the (N+1)” row scan line to pre-charge and charge the
(N+1)” row of pixels, and the second driving signal has no
angle cutting in a predetermined third time period T, and
the predetermined third time period T, includes a period of
time before and after the pre-charge of the (N+1)* row of
pixels is completed, and the second driving signal has an
angle cutting in a predetermined fourth time period T,, and
the predetermined fourth time period T, includes a period of
time before the charge of the (N+1)” row of pixels is
completed, and the difference between the time point of
completing the charge of the N” row of pixels and the time
point of outputting the second driving signal is positive and
equal to or smaller than the pre-charging time of the (N+1)™
row of pixels.

In a preferred embodiment of the present invention, a
driving signal for driving two adjacent scan lines is not the
same signal outputted by a scan driving circuit to the (N+1)*
row scan line before completing the charge of the N* row of
pixels to turn on the (N+1)” row, active switch, so that the
data driving circuit pre-charges the (N+1)* row of pixels
while the N” row of pixels is being charged. Charging a row
of pixel while pre-charging the next row of pixel can
overcome the insufficient charging problem caused by the
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too-high scan frequency. After the pre-charge ends, the
pixels are charged immediately. Since the second driving
signal has no angle cutting when the active switch is turned
on within a period of time before and after the pre-charging
is completed, and the voltage level is high, so that the active
switch is maintained at a completely conducted status, and
the effect of charging the pixels can be improved since the
actual charging effect will not be affected by the poor
conduction of the active switch.

In a preferred embodiment, the first driving signal and the
second driving signal are different, and the first driving
signal and second driving signal outputted from the scan
driving circuit can be generated by an embedded power IC
or inputted to the scan driving circuit after the signals are
generated by an independent power IC, and then the scan
driving circuit drives a start signal and other control signals
according to the clock signal to output the first driving signal
and second driving signal to two adjacent row scan lines
sequentially, and the clock signal controls the output time
duration for outputting the first driving signal and second
driving signal to the corresponding scan line.

In a preferred embodiment, if a first level signal and a
second level signal have insufficient drive capacity, it will be
necessary to amplify the first level signal and second level
signal to enhance their drive capacity before the scan circuit
is driven to output the signals to the scan line.

In a preferred embodiment, the active switch is a thin film
transistor (TFT).

In a preferred embodiment, the predetermined first time
period T, is equal to the predetermined third time period Tj,
and the predetermined second time period T, is equal to the
predetermined fourth time period T,, and the period of time
before completing the pre-charge of the pixel is equal to half
of the pre-charging time, and the period of time after
completing the pre-charge of the pixel is equal to half of the
pre-charging time.

The first driving signal and second driving signal has an
angle cutting at the same time period of the output, so that
the respective active switches have the same conduction
condition when two adjacent rows of pixels are pre-charged
or charged, so as to avoid non-uniform charge caused by the
different conduction conditions and prevent the non-uniform
charge.

In a preferred embodiment, the difference between the
time point of completing the charge of the N” row of pixels
and the time point of outputting the second driving signal is
equal to the pre-charging time of the (N+1)” row of pixels.
In other words, when the charge of a row of pixels is
completed, the pre-charge of the next row of pixels is also
completed, and the charge of the next row of pixels starts.
Since the voltage of the pre-charge of the next row of pixels
is increased up to a target voltage, the distance between the
original voltage and the target voltage is reduced, and the
issue of insufficient charging can be improved significantly.

In a preferred embodiment, the pre-charging time is equal
to the charging time.

S101: Output the first driving signal to turn on an active
switch of the N* row scan line to pre-charge and charge the
N? row of pixels as shown in FIG. 2, and this step S101
further comprises the steps S1011~S1012:

S1011: Output a first driving signal to turn on an active
switch of the N* row scan line to pre-charge the N* row of
pixels at a rising edge of the M” clock signal, wherein M is
a natural number.

S1012: Charge the N row of pixels at a rising edge of the
(M+1)" clock signal, wherein the cycle of a clock signal is
equal to the pre-charging time.
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Step S102: Output a second driving signal to turn on a
switch of the (N+1)” row scan line to pre-charge and charge
the (N+1)” row of pixels as shown in FIG. 3, and this step
S102 further comprises the steps S1011~51012:

S1021: Output a second driving signal to turn on an active
switch of the (N+1)™ row scan line to pre-charge the (N+1)"
row of pixels at a rising edge of the (M+1)" clock.

$1022: Charge the (N+1)” row of pixels at a rising edge
of the (M+2)" clock signal.

In general, M=N.

With reference to FIG. 4, which is a waveform chart of
driving signals of a scan line in accordance with a preferred
embodiment of the present invention, VGH, is the original
waveform chart of a first driving signal; VGH, is the original
waveform chart of a second driving signal; CKV is a
waveform chart of a clock signal; STV is a waveform chart
of a drive starting signal, and OUT, and OUT, are the output
statuses of the first driving signal and second driving signal
respectively. FIG. 4 shows that T,=T3=T 5, and
To=T=T -

The first row and second row scan lines are used as
examples, and the first driving signal is outputted to the first
row scan line at a rising edge of the first clock signal, and
the output time is the time duration of continuously driving
a time pulse width of the start signal. In other words, the
output of the first driving signal is completed at a rising edge
of the third clock signal, and the waveform chart of OUT,
as shown in FIG. 3 is obtained. In other words, the status of
the first driving signal outputted to the N row scan line is
obtained. When the first driving signal is outputted, the
active switch of the first row scan line is turned on to
pre-charge the first row of pixels, and pre-charging time is
equal to a cycle of the clock signal, and the first row of pixels
is charged at a rising edge of the second clock signal, and the
charging time is equal to a cycle of the clock signal.
Meanwhile, a second driving signal is outputted to the
second row scan line to turn on a switch of the second row
scan line to pre-charge the second row of pixels at a rising
edge of the second clock signal, so as to charge the first row
of pixels up to the voltage of the second row, and reduce the
difference between the original voltage of the second row of
pixels and a target voltage. When the charge of the first row
of pixels 1s completed (a rising edge of the third clock
signal), the pre-charge of the second row of pixels is
completed, and the charging process starts, so as to improve
the charging effect, and the charging time is still equal to the
cycle of a clock signal. The output of the second driving
signal to the (N+1)” row scan line is stopped at a rising edge
of the fourth clock signal.

FIG. 4 shows that the time for turning on each active
switch last for the cycle of two clock signals, and the time
difference of the angle cutting of the first driving signal and
second driving signal is equal to the cycle of a clock signal,
and the angle cutting voltage of the first driving signal is
outputted at a rising edge of a clock signal which shows up
at the final time stage of turning on the active switch of the
N row of pixels. In other words, the gate starting voltage
of the active switch has an angle cutting when the charge is
completed and the active switch is turned off, so as to reduce
the capacitive coupling effect, and the first driving signal has
no angle cutting at the time other than the time of turning on
the active switch. Before and after the pre-charge is com-
pleted, the active switch is conducted completely without
affecting the target potential charging result. Similarly, the
charging result of the (N+1)™ row of pixels is the same.

The same process may be applied to pre-charge and
charge other remaining pixels until the scan is completed.
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With reference to FIG. 5, which is a schematic view of a
pixel driving circuit in accordance with a preferred embodi-
ment of the present invention, the pixel driving circuit is
applicable in a thin film transistor-liquid crystal display
(TFT LCD) device.

The pixel charging circuit comprises the following com-
ponents:

A scan driving circuit 100 is coupled to a plurality of
horizontal scan lines for outputting a first driving signal to
turn on an active switch of the N” row scan line, and
outputting a second driving signal to turn on a switch of the
(N+1)” row scan line.

A data driving circuit 200 is coupled to a plurality of
vertical data lines for pre-charging and charging the N* row
of pixels when outputting the first driving signal, and
pre-charging and charging the (N+1)” row of pixels when
outputting the second driving signal.

Wherein, the first driving signal has no angle cutting in a
predetermined first time period, and the predetermined first
time petiod includes a period of time before and after the
pre-charge of the N” row of pixels is completed, and the first
driving signal has an angle cutting in a predetermined
second time period, and the predetermined second time
period includes a period of time before the charge of the N*
row of pixels is completed, and N is a natural number.

The second driving signal has no angle cutting in a
predetermined third time period, and the predetermined third
time period includes a period of time before and after the
pre-charge of the (N+1)” row of pixels is completed, and the
second driving signal has an angle cutting in a predeter-
mined fourth time period, and the predetermined fourth time
period includes a period of time before the charge of the
(N+1)" row of pixels is completed, and the difference
between the time point of completing the charge of the N*
row of pixels and the time point of outputting the second
driving signal is positive and equal to or smaller than the
pre-charging time of the (N+1)™ row of pixels.

In a preferred embodiment of the present invention, a
driving signal for driving two adjacent scan lines is not the
same signal, and the scan driving circuit 100 outputs a first
driving signal to turn on an active switch of the N row scan
line and outputs a second driving signal to turn on an active
switch of the second row scan line before the charge of the
N row of pixels ends, so that the data driving circuit 200
can pre-charge the (N+1)* row of pixels when the N row
of pixels are charged.

Charging a row of pixels while pre-charging the next row
of pixels can overcome the insufficient charging problem
caused by too-high a scan frequency. Afier the pre-charge
ends, the charge of the pixels starts immediately. Since the
second driving signal has no angle cutting when the active
switch is turned on within a period of time before and after
the pre-charging is completed, and the voltage level is high,
so that the active switch is maintained at a completely
conducted status, and the effect of charging the pixels can be
improved since the actual charging effect will not be affected
by the poor conduction of the active switch.

In a preferred embodiment, the active switch is a thin film
transistor (TFT).

In a preferred embodiment, the predetermined first time
period is equal to the predetermined third time period, and
the predetermined second time period is equal to the pre-
determined fourth time period, and the time period before
completing the pre-charge of the pixels is equal to half of the
pre-charging time, and the period of time after completing
the pre-charge of the pixels is equal to half of the pre-
charging time.
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The first driving signal and second driving signal has an
angle cutting when they are outputted in the same time
period. In other words, the outputted first driving signal and
second driving signal have the same or similar waveform, so
that the respective active switches have the same conduction
condition when two adjacent rows of pixels are pre-charged
or charged, so as to avoid non-uniform charge caused by the
different conduction conditions and prevent the non-uniform
charge.

The pixel charging circuit further comprises a clock signal
generation circuit for generating a plurality of clock signals,
and the clock signals are inputted into the scan driving
circuit 100 sequentially to control the output of the first
driving signal and second driving signal. In the meantime,
the clock control signal is related to the time for the data
driving circuit 200 to output the data signal.

In a preferred embodiment of the present invention, the
first driving signal and second driving signal are different,
and the first driving signal and second driving signal out-
putted from the scan driving circuit 100 can be generated by
an generated by an embedded power IC or inputted to the
scan driving circuit 100 after the signals are generated by an
independent power IC, and then the scan driving circuit 100
drives a start signal and other control signals according to
the clock signal to output the first driving signal and second
driving signal to two adjacent row scan lines sequentially,
and the clock signal controls the output time duration for
outputting the first driving signal and second driving signal
to the corresponding scan line.

In a preferred embodiment, the difference between the
time point of completing the charge of the N* row of pixels
and the time point of outputting the second driving signal is
equal to the pre-charging time of the (N+1)™ row of pixels.
In other words, when the charge of a row of pixels is
completed, the pre-charge of the next row of pixels is also
completed. When the charge of a row of pixels ends, the
charge of the next row of pixels starts immediately. Since the
pre-charge increases the voltage of the next row of pixel up
to a target voltage, the difference between the original
voltage and the target voltage is reduced, and the issue of
insufficient charge can be improved significantly.

In a preferred embodiment, the pre-charging time is equal
to the charging time. When the charge of a row of pixels
starts, the next row of pixels is pre-charged. The pre-
charging and charging process of the pixels is substantially
the same as the above preferred embodiment as shown in
FIG. 3:

The scan driving circuit 100 outputs a first driving signal
to turn on an active switch of the N row scan line at a rising
edge of the M” clock signal and starts outputting the first
driving signal at a rising edge of the (M+2)" clock signal,
wherein M is a natural number, and generally M=N.

The data driving circuit 200 pre-charges the N row of
pixels at a rising edge of the M™ clock signal and charges the
N row of pixels at a rising edge of the (M+1)™ clock signal,
wherein the cycle of a clock signal is equal to the pre-
charging time, and M is a natural number.

The scan driving circuit 100 outputs a second driving
signal to turn on an active switch of the (N+1)” row scan line
at arising edge of the (M+1)” clock, and stops outputting the
second driving signal at a rising edge of the (M+3)” clock.

The data driving circnit 200 pre-charges the (N+1)” row
of pixels at a rising edge of the (M+1)” clock and charges
the (N+1)” row of pixels at a rising edge of the (M+2)”
clock signal.
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The pixel charging circuit pre-charges and charges the
remaining pixels sequentially according to the aforemen-
tioned process, until the scan is completed.

The time of turning on each active switch lasts for two
cycles of the clock signal, and the angle cutting time
difference of the first driving signal and second driving
signal is equal to one cycle of a clock signal, and the angle
cutting voltage of the first driving signal is outputted at a
rising edge of a clock signal which shows up at the final time
stage of turning on the active switch of the N* row of pixels.
In other words, the gate starting voltage of the active switch
has an angle cutting when the charge is completed and the
active switch is turned off, so as to reduce the capacitive
coupling effect, and the first driving signal has no angle
cutting at times other than the time of turning on the active
switch. Before and after the pre-charge is completed, the
active switch is conducted completely without affecting the
target potential charging result

In a preferred embodiment, if the first level signal and
second level signal have insufficient driving capacity, it will
be necessary to amplify the first level signal and second level
signal to enhance their drive capacity before the scan circuit
is driven to output the signals to the scan line.

In FIG. 6, the scan driving circuit 100 comprises an input
buffer 101, a shift register 102, a potential converter 103 and
an output buffer 104. The input buffer 101 processes the
inputted control signal to enhance the drive capacity, so that
the first drive capacity and second drive capacity inputted
into the scan driving circuit 100 can be processed correctly,
and the shift register 102 is provided to open signal output
channels of the scan driving circuit 100 according to the
clock signal row by row, so that the scan driving signal
outputs signals to the scan lines one by one, and the first
driving signal or second driving signal inputted from a
power IC outside a level converter is amplified to a high
level voltage, and a high level signal or low level signal for
driving the scan line is outputted according to the clock
signal and a drive starting signal to turn on or off an active
switch connected to the scan line, and the output buffer 104
amplifies the signal outputted from the high level converter
to enhance the drive capacity of the signal.

With reference to FIG. 7, which shows an LCD device in
accordance with a preferred embodiment of the present
invention, the LCD device includes an LCD panel 300 and
a housing 400 fixed to the LCD panel, and the LCD panel
300 includes the pixel charging circuit of the foregoing
preferred embodiments.

Further, the LCD device includes a base 500 for setting
the display device on a flat surface such as a tabletop.

While the invention has been described in terms of what
is presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention need
not be limited to the disclosed embodiment. On the contrary,
it is intended that various modifications and similar arrange-
ments are included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. A pixel charging method, comprising the steps of:
outputting, with reference to a clock signal, a first driving
signal to turn on an active switch of an Nth row scan line to
pre-charge an N row of pixels at a rising edge of an M”
pulse of the clock signal, and to charge the N* row of pixels
at a rising edge of an (M+1)™ pulse of the clock signal,
wherein the first driving signal has no angle cutting in a
predetermined first time period, and the predetermined first
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time period includes a period of time before and after
pre-charging of the N* row of pixels is completed, and the
first driving signal has an angle cutting in a predetermined
second time period, and the predetermined second time
period inctudes a period of time before charging of the N”*
row of pixels is completed, and M and N are natural
numbers;

outputting a second driving signal to turn on an active
switch of an (N+1)” row scan line to pre-charge the
(N+1)" row of pixels at the rising edge of the (M+1)"
pulse of the clock signal, and to charge the (N+1)" row
of pixels at a rising edge of an (M+2)” pulse of the
clock signal;

wherein the second driving signal has no angle cutting in
a predetermined third time period, and the predeter-
mined third time period includes a period of time
before and after pre-charging of the (N+1)” row of
pixels is completed, and the second driving signal has
an angle cutting in a predetermined fourth time period,
and the predetermined fourth time period includes a
period of time before charging of the (N+1)” row of
pixels is completed, and a difference between a time
point of completing charging of the N row of pixels
and a time point of outputting the second driving signal
is positive and equal to or smaller than a pre-charging
time of the (N+)* row of pixels;

wherein each of the angle cuttings of the first driving
signal and the second driving signal occupies half of
the cycle of the clock signal, and starts at a following
edge of the clock signal and ends at a subsequent rising
edge of the clock signal;

wherein the period of time before completing pre-charg-
ing of the N row of pixels in the predetermined first
time period is half of the cycle of the clock signal, and
the period of time after completing pre-charging of the
N row of pixels in the predetermined first time period
is half of the cycle of the clock signal,

wherein the period of time before completing pre-charg-
ing of the (N+1)™ row of pixels in the predetermined
third time period is half of the cycle of the clock signal,
and the period of time after completing pre-charging of
the (N+1)” row of pixels in the predetermined third
time period is half of the cycle of the clock signal.

2. The method of claim 1, wherein the difference between
the time point of completing charging of the N row of
pixels and the time point of outputting the second driving
signal is equal to the pre-charging time of the (N+1)” row of
pixels.

3. The method of claim 1, wherein the predetermined first
time period is equal to the predetermined third time period,
and the predetermined second time period is equal to the
predetermined fourth time period.

4. A pixel charging circuit, comprising:

a scan driving circuit, with reference to a clock signal,
outputting a first driving signal to turn on an active
switch of an N* row scan line, and outputting a second
driving signal to turn on an active switch of an (N+1)"
row scan line;

a data driving circuit, pre-charging an N” row of pixels at
a rising edge of an M pulse of the clock signal and
charging the N row of pixels at a rising edge of an
(M+1)" pulse of the clock signal according to the first
driving signal, and pre-charging an (N+1)* row of
pixels at the rising edge of the (M+1)” pulse of the
clock signal, and charging the (N+1)” row of pixels at
a rising edge of an (M+2)” pulse of the clock signal
according to the second driving signal,
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wherein the first driving signal has no angle cutting in a
predetermined first time period, and the predetermined
first time period includes a period of time before and
after pre-charging of the N row of pixels is completed,
and the first driving signal has an angle cutting in a
predetermined second time period, and the predeter-
mined second time period includes a period of time
before charging of the N” row of pixels is completed,
and M and N are natural numbers;

wherein the second driving signal has no angle cutting in
a predetermined third time period, and the predeter-
mined third time period includes a period of time
before and after pre-charging of the (N+1)” row of
pixels is completed, and the second driving signal has
an angle cutting in a predetermined fourth time period,
and the predetermined fourth time period includes a
period of time before charging of the (N+1)* row of
pixels is completed, and a difference between a time
point of completing charging of the N row of pixels
and a time point of outputting the second driving signal
is positive and equal to or smaller than a pre-charging
time of the (N+)* row of pixels;

wherein each of the angle cuttings of the first driving
signal and the second driving signal occupies half of
the cycle of the clock signal, and starts at a following
edge of the clock signal and ends at a subsequent rising
edge of the clock signal;

wherein the period of time before completing pre-charg-
ing of the N row of pixels in the predetermined first
time period is half of the cycle of the clock signal, and
the period of time after completing pre-charging of the
N row of pixels in the predetermined first time period
is half of the cycle of the clock signal;

wherein the period of time before completing pre-charg-
ing of the (N+1)” row of pixels in the predetermined
third time period is half of the cycle of the clock signal,
and the period of time after completing pre-charging of
the (N+1)” row of pixels in the predetermined third
time period is half of the cycle of the clock signal.

5. The pixel charging circuit of claim 4, wherein the
difference between the time point of completing charging of
the N row of pixels and the time point of outputting the
second driving signal is equal to the pre-charging time of the
(N+1Y” row of pixels.

6. The pixel charging circuit of claim 5, wherein the
predetermined first time period is equal to the predetermined
third time period, and the predetermined second time period
is equal to the predetermined fourth time period.

7. The pixel charging circuit of claim 4, wherein the scan
driving circuit stops outputting the second driving signal at
a rising edge of an (M+3)” pulse of the clock signal.

8. An LCD panel, comprising a pixel charging circuit,
wherein the pixel charging circuit comprises:

a scan driving circuit, with reference to a clock signal,
outputting a first driving signal to turn on an active
switch of an N* row scan line, and outputting a second
driving signal to turn on an active switch of an (N+1)"
row scan line;

a data driving circuit, pre-charging an N” row of pixels at
a rising edge of an M” pulse of the clock signal and
charging the N row of pixels at a rising edge of an
(M+1)" pulse of the clock signal according to the first
driving signal, and pre-charging an (N+1)* row of
pixels at the rising edge of the (M+1)” pulse of the
clock signal, and charging the (N+1)" row of pixels at
a rising edge of an (M+2)” pulse of the clock signal
according to the second driving signal;

10

20

25

40

45

60

65

12

wherein the first driving signal has no angle cutting in a
predetermined first time period, and the predetermined
first time period includes a period of time before and
after pre-charging of an N” row of pixels is completed,
and the first driving signal has an angle cutting in a
predetermined second time period, and the predeter-
mined second time period includes a period of time
before completing the charge of the N” row of pixels,
and M and N are natural numbers;

wherein the second driving signal has no angle cutting in
a predetermined third time period, and the predeter-
mined third time period includes a period of time
before and after pre-charging of the (N+1)” row of
pixels is completed, and the second driving signal has
an angle of cutting in a predetermined fourth time
period, and the predetermined fourth time period
includes a period of time before charging of the (N+1)”
row of pixels is completed, and a difference between a
time point of completing charging of the N row of
pixels and a time point of outputting the second driving
signal is positive and equal to or smaller than a pre-
charging time of the (N+1)” row of pixels;

wherein each of the angle cuttings of the first driving
signal and the second driving signal occupies half of
the cycle of the clock signal, and starts at a following
edge of the clock signal and ends at a subsequent rising
edge of the clock signal;

wherein the period of time before completing pre-charg-
ing of the N row of pixels in the predetermined first
time period is half of the cycle of the clock signal, and
the period of time after completing pre-charging of the
N row of pixels in the predetermined first time period
is half of the cycle of the clock signal,

wherein the period of time before completing pre-charg-
ing of the (N+1)” row of pixels in the predetermined
third time period is half of the cycle of the clock signal,
and the period of time after completing pre-charging of
the (N+1)” row of pixels in the predetermined third
time period is half of the cycle of the clock signal.

9. The LCD panel of claim 8, wherein the difference
between the time point of completing charging of the N”*
row of pixels and the time point of outputting the second
driving signal is equal to the pre-charging time of the
(N+1Y" row of pixels.

10. The LCD panel of claim 9, wherein the predetermined
first time period is equal to the predetermined third time
period, and the predetermined second time period is equal to
the predetermined fourth time period.

11. The LCD panel of claim 10, wherein the scan driving
circuit stops outputting the first driving signal at a rising
edge of an (M+2)” pulse of the clock signal.

12. The LCD panel of claim 11, wherein the scan driving
circuit stops outputting the second driving signal at a rising
edge of an (M+3)” pulse of the clock signal.

13. An LCD device, comprising an LCD panel, wherein
the LCD panel comprises a pixel charging circuit, and the
pixel charging circuit comprises:

a scan driving circuit, with reference to a clock signal,
outputting a first driving signal to turn on an active
switch of an N row scan line, and outputting a second
driving signal to turn on an active switch of an (N+1)”
row scan line;

a data driving circuit, pre-charging an N” row of pixels at
a rising edge of an M pulse of the clock signal and
charging the N” row of pixels at a rising edge of an
(M+1)" pulse of the clock signal according to the first
driving signal, and pre-charging an (N+1)* row of
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pixels at the rising edge of the (M+1)” pulse of the
clock signal, and charging the (N+1)" row of pixels at
a rising edge of an (M+2)” pulse of the clock signal
according to the second driving signal;

wherein the first driving signal has no angle cutting in a
predetermined first time period, and the predetermined
first time period includes a period of time before and
after pre-charging of the N row of pixels is completed,
and the first driving signal has an angle cutting in a
predetermined second time period, and the predeter-
mined second time period includes a period of time
before and after charging of the N row of pixels is
completed, and M and N are natural numbers;

wherein the second driving signal has no angle cutting in
a predetermined third time period, and the predeter-
mined third time period includes a period of time
before and after pre-charging of the (N+1)* row of
pixels is completed, and the second driving signal has
an angle cutting in a predetermined fourth time period,
and the predetermined fourth time period includes a
period of time before pre-charging of the (N+1)” row
of pixels is completed, and the difference between a
time point of completing charging of the N* row of
pixels and a time point of outputting the second driving
signal is positive and equal to or smaller than a pre-
charging time of the (N+1)* row of pixels;

wherein each of the angle cuttings of the first driving
signal and the second driving signal occupies half of
the cycle of the clock signal, and starts at a following
edge of the clock signal and ends at a subsequent rising
edge of the clock signal,
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wherein the period of time before completing pre-charg-
ing of the N row of pixels in the predetermined first
time period is half of the cycle of the clock signal, and
the period of time after completing pre-charging of the
N? row of pixels in the predetermined first time period
is half of the cycle of the clock signal,

wherein the period of time before completing pre-charg-
ing of the (N+1)” row of pixels in the predetermined
third time period is half of the cycle of the clock signal,
and the period of time after completing pre-charging of
the (N+1)” row of pixels in the predetermined third
time period is half of the cycle of the clock signal.

14. The LCD device of claim 13, wherein the difference
between the time point of completing charging of the N”
row of pixels and the time point of outputting the second
driving signal is equal to the pre-charging time of the
(N+1)" row of pixels.

15. The LCD device of claim 14, wherein the predeter-
mined first time period is equal to the predetermined third
time period, and the predetermined second time period is
equal to the predetermined fourth time period.

16. The LCD panel of claim 15, wherein the scan driving
circuit stops outputting the first driving signal at a rising
edge of an (M+2)” pulse of the clock signal.

17. The LCD panel of claim 16, wherein the scan driving
circuit stops outputting the second driving signal at a rising
edge of an (M+3)” pulse of the clock signal.
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