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(7) ABSTRACT

A method for driving a liquid crystal display panel is
disclosed. The liquid crystal display panel comprises a
plurality of sub pixels, and the method comprises presenting
images to be displayed on the liquid crystal display panel

Appl. No.: 14/778,296 frame by frame through regulating a gray-scale of each sub
pixel of the liquid crystal display panel, wherein durations of
PCT Filed: Jun. 25. 2015 image frames are not all equal to one another so as to reduce
’ a direct current bias voltage of the sub pixel. According to
PCT No.: PCT/CN2015/082304 the method, .the direct current bias Volta}ge during the iso-
chronous driving process can be effectively reduced, and
§ 371 (c)(1), thus the afterimage of the liquid crystal display panel can be
(2) Date: Dec. 30, 2015 alleviated.
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METHOD FOR DRIVING LIQUID CRYSTAL
DISPLAY PANEL

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims benefit of Chinese
patent application CN 201510314145.3, entitled “Method
for Driving Liquid Crystal Display Panel” and filed on Jun.
9, 2015, the entirety of which is incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the technical field
of liquid crystal display, and particularly to a method for
driving a liquid crystal display panel.

BACKGROUND OF THE INVENTION

[0003] Compared with the Cathode-Ray Tube (CRT) dis-
play devices that are widely used in early stage, the Liquid
Crystal Displays (LCDs) have the advantages of a light and
thin structure, low driving voltage, and low power consump-
tion. Therefore, the LCD devices, especially the active array
LCDs are widely used in various electronic apparatuses. In
the active array LCD, Thin Film Transistors (TFTs) are
arranged to serve as the switching elements for the sub
pixels, and enable that the display performance of the LCD
can match the CRT display devices with high driving
performance.

[0004] FIG. 1 schematically shows a structure of an LCD
in the prior art.
[0005] As shown in FIG. 1, an LCD 100 comprises a first

substrate 101, a second substrate 103, and a liquid crystal
layer 102 that is arranged between the first substrate 101 and
the second substrate 103. The liquid crystal layer 102
comprises liquid crystal molecules 104. The second sub-
strate 103 is provided with a plurality of data lines and a
plurality of scanning lines, wherein the data lines as well as
the scanning lines cross over with each other so as to form
pixel areas. However, in actual situations, in addition to the
liquid crystal molecules 104, the liquid crystal layer 102
may further comprise impurity molecules 105, which can
have a positive polarity or a negative polarity.

[0006] FIG. 2 schematically shows a driving principle of
a liquid crystal display panel in the prior art. As shown in
FIG. 2, when a gate voltage (i.e., a voltage of a correspond-
ing scanning line) of a TFT changes so that a source and a
drain of the TFT are electrically connected with each other,
a data line would transmit a data signal to a pixel electrode,
and the voltage of the pixel electrode would change (for
example, change from a low-level voltage to a high-level
voltage). At the same time, the voltage change of the gate of
the TFT would generate a feed through voltage on the pixel
electrode. In order to balance the data signals at the two ends
of the common voltage V., according to the method in the
prior art, the common voltage is generally reduced with a
certain amount accordingly (i.e., the common voltage V__,,
1s changed from a dotted line to a solid line as shown in FIG.
2) so as to avoid an excessive direct current bias voltage.
[0007] However, there would still be a certain direct
current bias voltage in different liquid crystal display panels
and different areas of the same liquid crystal display panel
after long time driving because of the differences of the
manufacturing process, signal transmission loss, human-

Jun. 15,2017

caused error, and other factors. In this case, when the liquid
crystal display panel is activated for a long time, the
impurity molecules in the liquid crystal display panel would
move under the action of the direct current bias voltage, and
thus an afterimage would be generated.

[0008] The afterimage level has become an important
indicator for measuring the quality of the liquid crystal
display panel. In order to improve the quality of the liquid
crystal display panel, on the basis of the regulation of the
common voltage V., there are many methods in the prior
art for alleviating the afterimage of the liquid crystal display
panel, including optimizing the manufacturing environment
and condition, optimizing material selection, and optimizing
the gamma voltage.

[0009] Optimizing the manufacturing environment and
condition means removing impurities away from the liquid
crystal display panel or preventing the external impurities
from entering into the panel during the manufacturing
process mainly through guaranteeing a dust-free environ-
ment during manufacturing, shortening manufacturing time,
cleaning the substrate before One Drop Filling (ODF) and
drying quickly after cleaning so as to alleviate the afterim-
age of the display panel.

[0010] Optimizing material selection means reducing the
impurities of the liquid crystal display panel through select-
ing suitable polyimide (PI) material and Liquid Crystal (LC)
material, selecting sealing material with low pollution,
selecting LC material with good stability and with a low
content of polar particles, and so on.

[0011] Optimizing the gamma voltage means determining
the optimized IS monochrome voltage through regulating
the gamma voltage, reducing the differences between com-
mon voltages V_,,, at different positions of the liquid crystal
display panel, and reducing the differences between com-
mon voltages V_,, of different gray-scales, so as to reduce
the maximum direct current bias voltage between the pixel
electrodes and the common electrodes of the liquid crystal
display panel after long time activation to the largest extent
and alleviate the afterimage of the liquid crystal display
panel.

[0012] However, according to the methods in the prior art,
the afterimage of the liquid crystal display panel can only be
alleviated to a rather limited extent, and the display effect
thereof cannot be improved effectively.

SUMMARY OF THE INVENTION

[0013] The present disclosure aims to solve the technical
problem of afterimage of the liquid crystal display panel
when the panel is driven according to the method in the prior
art. In order to solve the aforesaid technical problem, an
embodiment of the present disclosure first provides a
method for driving a liquid crystal display panel, the liquid
crystal display panel comprising a plurality of sub pixels, the
method comprising: presenting, in a non-isochronous driv-
ing step, images to be displayed on the liquid crystal display
panel frame by frame through regulating a gray-scale of
each sub pixel of the liquid crystal display panel, wherein
durations of image frames are not all equal to one another so
as to reduce a direct current bias voltage of the sub pixel and
thus alleviate an afterimage of the liquid crystal display
panel.

[0014] According to an embodiment of the present disclo-
sure, the method further comprises regulating, during a first
display period, a duration percentage of a positive image
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frame and a duration percentage of a negative image frame
according to a polarity of the direct current bias voltage of
the sub pixel during an isochronous driving procedure,
wherein when the direct current bias voltage has a positive
polarity, a duration percentage of the negative image frame
is regulated to be larger than a duration percentage of the
positive image frame during the first display period so as to
reduce a positive direct current bias voltage; and wherein
when the direct current bias voltage has a negative polarity,
the duration percentage of the positive image frame is
regulated to be larger than the duration percentage of the
negative image frame during the first display period so as to
reduce a negative direct current bias voltage.

[0015] According to an embodiment of the present disclo-
sure, the first display period comprises a first image frame
and a second image frame, and a duration of the first image
frame is unequal to that of the second image frame.
[0016] According to an embodiment of the present disclo-
sure, the method further comprises applying, during the first
image frame, different voltages to a pixel electrode and a
common electrode of a first sub pixel respectively, so as to
form a first voltage difference between the pixel electrode
and the common electrode of the sub pixel; and applying,
during the second image frame, different voltages to the
pixel electrode and the common electrode of the first sub
pixel respectively, so as to form a second voltage difference
between the pixel electrode and the common electrode of the
sub pixel, wherein a polarity of the first voltage difference is
opposite to that of the second voltage difference, and/or an
amplitude of the first voltage difference is equal to that of the
second voltage difference.

[0017] According to an embodiment of the present disclo-
sure, the first display period further comprises a third image
frame and a fourth image frame, and a duration of the third
image frame is equal to that of the fourth image frame.
[0018] According to an embodiment of the present disclo-
sure, the first display period further comprises a third image
frame and a fourth image frame, and a duration of the third
image frame is unequal to that of the fourth image frame.
[0019] According to an embodiment of the present disclo-
sure, when a duration of the positive image frame is longer
in the first image frame and the second image frame, a
duration of the negative image frame is regulated to be
longer in the third image frame and the fourth image frame;
and when a duration of the negative image frame is longer
in the first image frame and the second image frame, a
duration of the positive image frame is regulated to be longer
in the third image frame and the fourth image frame.
[0020] According to an embodiment of the present disclo-
sure, a signal of the sub pixel of the liquid crystal display
panel changes cyclically taking the first display period as a
cycle.

[0021] According to an embodiment of the present disclo-
sure, with respect to a first sub pixel and a second sub pixel
that are arranged on adjacent data lines respectively, a
polarity of a voltage difference of a pixel electrode and a
common electrode of the first sub pixel is opposite to that of
the second sub pixel during a same image frame.

[0022] According to the method for driving the liquid
crystal display panel in the prior art, the afterimage would be
generated in the liquid crystal display panel during display.
In the driving method according to the present disclosure,
the durations of the image frames are regulated so that they
are not all equal to one another. Therefore, the driving
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method of the liquid crystal display panel is changed from
the isochronous driving method (i.e., the durations of image
frames are all equal to one another) in the prior art to the
non-isochronous driving method (i.e., the durations of image
frames are not all equal to one another). In the method
according to the present disclosure, the direct current bias
voltage generated during the operation of the liquid crystal
display panel can be reduced effectively or even eliminated
through increasing the ratio of the image frames having a
polarity opposite to the polarity of the direct current bias
voltage, so that the afterimage of the liquid crystal display
panel can be alleviated.

[0023] In addition, according to different embodiments of
the present disclosure, the direct current bias voltage in the
sub pixels can be reduced or eliminated through regulating
the durations of the image frames, and the afterimage can be
alleviated through regulating the durations of the image
frames with the cooperation of the two sub pixels of adjacent
data lines.

[0024] Moreover, according to an embodiment of the
present disclosure, the method further comprises determin-
ing whether a time period during which a same image is
displayed on the liquid crystal display panel reaches a preset
time period, if yes, executing the non-isochronous driving
step; and if no, executing an isochronous driving step so as
to drive the liquid crystal display panel in an isochronous
driving method.

[0025] The time period during which the same image is
displayed on the liquid crystal display panel does not reach
the preset time period means that at this time, dynamic
images are displayed on the liquid crystal display panel or a
still image is displayed on the liquid crystal display panel for
a relatively short time. Under such circumstances, the prob-
ability that the afterimage occurs on the liquid crystal
display panel is small, and thus the liquid crystal display
panel can be driven in the isochronous driving method in
order to simplify the driving procedure thereof. In this case,
the durations of the image frames do not need to be
regulated, so that the data processing amount thereof can be
reduced and the driving and display efliciency can be
improved.

[0026] Other features and advantages of the present dis-
closure will be further explained in the following descrip-
tion, and partially become self-evident therefrom, or be
understood through the embodiments of the present disclo-
sure. The objectives and advantages of the present disclosure
will be achieved through the structure specifically pointed
out in the description, claims, and the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The drawings necessary for explaining the embodi-
ments or the prior art are introduced briefly below to
illustrate the technical solutions of the embodiments of the
present disclosure or the prior art more clearly.

[0028] FIG. 1 schematically shows a structure of a liquid
crystal display panel in the prior art;

[0029] FIG. 2 schematically shows a driving principle of
the liquid crystal display panel in the prior art;

[0030] FIG. 3 schematically shows a waveform of a volt-
age difference between a pixel electrode and a common
electrode of a first sub pixel according to a driving method
in the prior art;
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[0031] FIG. 4 is a flow chart of a method for driving a
liquid crystal display panel according to an embodiment of
the present disclosure;

[0032] FIG. 5 schematically shows a waveform of a volt-
age difference between a pixel electrode and a common
electrode of a first sub pixel according to an embodiment of
the present disclosure;

[0033] FIG. 6 schematically shows a waveform of a volt-
age difference between a pixel electrode and a common
electrode of a first sub pixel according to an embodiment of
the present disclosure;

[0034] FIG. 7 schematically shows a waveform of a volt-
age difference between a pixel electrode and a common
electrode of a first sub pixel according to an embodiment of
the present disclosure;

[0035] FIG. 8 schematically shows a waveform of a volt-
age difference between a pixel electrode and a common
electrode of a first sub pixel according to an embodiment of
the present disclosure;

[0036] FIG. 9 schematically shows a waveform of a volt-
age difference between a pixel electrode and a common
electrode of a first sub pixel according to an embodiment of
the present disclosure;

[0037] FIG. 10 schematically shows a waveform of a
voltage difference between a pixel electrode and a common
electrode of a first sub pixel according to an embodiment of
the present disclosure;

[0038] FIG. 11 schematically shows a waveform of a
voltage difference between a pixel electrode and a common
electrode of a first sub pixel according to an embodiment of
the present disclosure;

[0039] FIG. 12 schematically shows a waveform of a
voltage difference between a pixel electrode and a common
electrode of a first sub pixel according to an embodiment of
the present disclosure;

[0040] FIG. 13 schematically shows a waveform of a
voltage difference between a pixel electrode and a common
electrode of a second sub pixel according to an embodiment
of the present disclosure; and

[0041] FIG. 14 is a flow chart of a method for driving a
liquid crystal display panel according to an embodiment of
the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0042] The present disclosure will be explained in details
with reference to the embodiments and the accompanying
drawings, whereby it can be fully understood how to solve
the technical problem by the technical means according to
the present disclosure and achieve the technical effects
thereof, and thus the technical solution according to the
present disclosure can be implemented. It should be noted
that, as long as there is no structural conflict, all the technical
features mentioned in all the embodiments may be combined
together in any manner, and the technical solutions obtained
in this manner all fall within the scope of the present
disclosure.

[0043] Many specific details are illustrated hereinafter for
providing a thorough understanding of the embodiments of
the present disclosure. However, it is obvious for those
skilled in the art that, the present disclosure can be imple-
mented in other methods in addition to the details or
specifics described herein.
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[0044] 1Inaddition, the steps as shown in the flow chart can
be executed in a computer system by a group of computer
executable instructions. Although a certain logical sequence
is shown in the flow chart, the steps shown or described
herein can be executed in other sequences different from the
one shown herein in some cases.

[0045] FIG. 3 schematically shows a waveform of a volt-
age difference between a pixel electrode and a common
electrode of a sub pixel under different image frames accord-
ing to a method for driving a liquid crystal display panel in
the prior art.

[0046] It can be seen from FIG. 3 that, in the method for
driving the liquid crystal display panel in the prior art, the
frames each have a same duration T. That is, with respect to
each sub pixel, a duration of a high-level signal of a signal
V1 of'the pixel electrode is equal to that of a low-level signal
thereof, and a time period during which the voltage differ-
ence between the pixel electrode and the common electrode
has a positive polarity is equal to a time period during which
the voltage difference between the pixel electrode and the
common electrode has a negative polarity. Therefore, it can
be seen that, the liquid crystal display panel in the prior art
is driven with an isochronous driving method.

[0047] A common voltage V__, of the sub pixel needs to
be regulated due to the existence of the feed through voltage.
However, the driving voltage of the sub pixel would still
contain a direct current bias component after the common
voltage V__, is regulated.

[0048] With respect to one sub pixel, the direct current
bias voltage can be a positive direct current bias voltage or
a negative direct current bias voltage. The impurity particles
of the liquid crystal display panel would move under the
action of the direct current bias voltage, and a direct current
residual voltage would be generated by the impurity par-
ticles during the charging and discharging of the liquid
crystal display panel. The liquid crystal molecules would not
be driven by the signal voltage when the direct current
residual voltage is large enough, and thus an afterimage
would be generated on the liquid crystal display panel.
[0049] The present disclosure provides a novel method for
driving the liquid crystal display panel so as to eliminate the
aforesaid defect of the method for driving the liquid crystal
display panel in the prior art. According to the method, the
driving mode with a symmetrical time period of the positive
polarity and the negative polarity of the voltage difference
between the pixel electrode and the common electrode in the
prior art is changed into a driving mode with an asymmetri-
cal time period thereof so as to neutralize the direct current
bias voltage of the liquid crystal display panel, and thus
alleviate or even eliminate the afterimage of the liquid
crystal display panel.

[0050] Specifically, according to the method for driving
the liquid crystal display panel provided by the present
disclosure, the images to be displayed are presented on the
liquid crystal display panel frame by frame through regu-
lating a gray-scale of each sub pixel of the liquid crystal
display panel, wherein the durations of image frames are not
all equal to one another so as to reduce or even eliminate the
direct current bias voltage of each sub pixel, and thus
alleviate the afterimage of the liquid crystal display panel.
[0051] According to the present embodiment, during a
first display period, a duration percentage of a positive
image frame and a duration percentage of a negative image
frame are regulated according to a polarity of the direct
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current bias voltage of the sub pixel during the isochronous
driving procedure. With respect to a certain image frame, if
a voltage of the pixel electrode of the sub pixel is larger than
a voltage of the common electrode of the sub pixel, the
image frame can be referred to as a positive image frame;
and if the voltage of the pixel electrode of the sub pixel is
smaller than the voltage of the common electrode of the sub
pixel, the image frame can be referred to as a negative image
frame.

[0052] Ifa positive direct current bias voltage exists in the
sub pixel, according to the present method, the durations of
the image frames are regulated so that the duration percent-
age of the negative image frame is larger than the duration
percentage of the positive image frame during the first
display period, and thus the positive direct current bias
voltage existed in the sub pixel can be reduced or even
eliminated; and if a negative direct current bias voltage
exists in the sub pixel, according to the present method, the
durations of the image frames are regulated so that the
duration percentage of the positive image frame is larger
than the duration percentage of the negative image frame
during the first display period, and thus the negative direct
current bias voltage existed in the sub pixel can be reduced
or even eliminated.

[0053] FIG. 4 is a flow chart of the method for driving the
liquid crystal display panel according to the present embodi-
ment. With respect to the liquid crystal display panel, the
driving method and principle of one sub pixel can be the
same as those of other sub pixels. Therefore, in order to
facilitate the description, the purposes, principles, and
advantages of the present disclosure will be illustrated
hereinafter taking the driving procedure of one sub pixel as
an example.

[0054] As shown in FIG. 4, in step S401, during a first
image frame, different voltages are applied to a pixel elec-
trode and a common electrode of a first sub pixel, so as to
form a first voltage difference between the pixel electrode
and the common electrode.

[0055] The procedure that the image is presented on the
liquid crystal display panel is essentially the procedure that
the gray-scale of each sub pixel is determined, while the
gray-scale of each sub pixel is determined through regulat-
ing a rotation angle of the liquid crystal corresponding to the
sub pixel. With respect to the liquid crystal molecules, the
rotation angle is determined by the amplitude of the voltage
difference between the pixel electrode and the common
electrode. Therefore, the rotation angle of the liquid crystal
corresponding to the sub pixel can be regulated through
applying different voltages to the pixel electrode and the
common electrode of the first sub pixel, and thus the
gray-scale of the sub pixel can be regulated.

[0056] In step S401, applying the voltage to the pixel
electrode is realized through transmitting a data signal and
a scanning signal to a corresponding data line and a corre-
sponding scanning line respectively. For example, if the
pixel electrode of the first sub pixel needs to be applied with
a voltage, the data line corresponding to the sub pixel should
be applied with a corresponding voltage when the TFT
corresponding to the sub pixel is turned on. In this manner,
the pixel electrode is applied with the corresponding volt-
age.

[0057] When the voltage difference exists between the
pixel electrode and the common electrode of the sub pixel,
an equivalent capacitor between the pixel electrode and the
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common electrode would be charged. The voltage difference
between the pixel electrode and the common electrode can
be maintained unchanged or changed slightly during the
current image frame due to the existence of the equivalent
capacitor.

[0058] In step S402, during a second image frame, differ-
ent voltages are applied to the pixel electrode and the
common electrode of the first sub pixel, so as to form a
second voltage difference between the pixel electrode and
the common electrode.

[0059] The liquid crystal molecules cannot be applied with
a constant voltage for a long time due to the properties of the
liquid crystal molecules; otherwise, the polarity of the liquid
crystal molecules would be destroyed and the liquid crystal
molecules cannot rotate with the changing of the electric
field. In order to avoid the aforesaid situation, the liquid
crystal display panel should be driven in an alternating
current driving method.

[0060] Based on the aforesaid principle, according to the
present embodiment, if the first image frame and the second
image frame are two adjacent image frames, the polarity of
the voltage difference between the pixel electrode and the
common electrode of the first sub pixel in the first image
frame should be opposite to that in the second image frame,
i.e., the polarity of the first voltage difference is opposite to
that of the second voltage difference. Specifically, when the
first voltage difference is positive, the second voltage dif-
ference should be negative; and when the first voltage
difference is negative, the second voltage difference should
be positive.

[0061] In order to reduce or even eliminate the direct
current bias voltage during the operation of the sub pixel,
according to the method for driving the liquid crystal display
panel provided by the present disclosure, the liquid crystal
display panel is driven in a non-isochronous driving method
rather than the isochronous driving method used in the prior
art, whereby the voltage difference between the pixel elec-
trode and the common electrode of the sub pixel can be
changed.

[0062] According to the method provided by the present
disclosure, the durations of the image frames are changed so
that the duration of the first image frame is unequal to that
of the second image frame. That is, the duration needed by
the scanning of the scanning lines in the first image frame is
unequal to that in the second image frame. Specifically, the
duration of the image frame with the polarity opposite to the
polarity of the direct current bias voltage during the iso-
chronous driving procedure is prolonged relatively, or the
duration of the image frame with the polarity the same as the
polarity of the direct current bias voltage during the iso-
chronous driving procedure is shortened relatively, so as to
reduce or even eliminate the direct current bias voltage of
the sub pixel, and thus eliminate or alleviate the afterimage
of the liquid crystal display panel.

[0063] Based on the same principle, other sub pixels of the
liquid crystal display panel can also be driven respectively
according to the aforesaid method, and the details of which
are no longer repeated here.

[0064] The present disclosure will be illustrated in detail
hereinafter in combination with different embodiments to
make the purposes, principles and advantages of the driving
method disclosed herein more clear.
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Embodiment 1

[0065] If the liquid crystal display panel is driven in the
conventional isochronous driving method, the common volt-
age should be reduced to a certain extent in order to avoid
an excessive direct current. However, when the common
voltage is reduced, a positive direct current bias voltage
would exist in some sub pixels after a period of operation.
The positive direct current bias voltage needs to be neutral-
ized or reduced in order to eliminate or alleviate the after-
image.

[0066] According to the driving method provided by the
present embodiment, the durations of the image frames are
regulated, so that the duration of the image frame in which
the voltage difference between the pixel electrode and the
common electrode of the sub pixel is negative (referred to as
“negative image frame” hereinafter) is prolonged relatively,
or the duration of the image frame in which the voltage
difference between the pixel electrode and the common
electrode of the sub pixel is positive (referred to as “positive
image frame” hereinafter) is shortened relatively, or the
duration of the negative image frame is prolonged relatively
and at the same time the duration of the positive image frame
is shortened relatively. In this manner, the positive direct
current bias voltage of the sub pixel can be reduced or even
eliminated during the operation of the liquid crystal display
panel, and thus the afterimage of the liquid crystal display
panel can be alleviated.

[0067] FIG. 5 schematically shows a waveform of the
voltage difference V, between the pixel electrode and the
common electrode of the first sub pixel when the liquid
crystal display panel is driven by the method provided by the
present embodiment.

[0068] According to the present embodiment, if the liquid
crystal display panel is driven by the conventional isochro-
nous driving method, the positive direct current bias voltage
would exist in the sub pixel after a certain period of
operation. It can be seen from FIG. 5 that, according to the
method provided by the present embodiment, in a first image
frame (i.e., a frame F1), a first voltage difference can be
formed between the pixel electrode and the common elec-
trode of the first sub pixel through applying different volt-
ages to the pixel electrode and the common electrode of the
first sub pixel. The first voltage difference is positive, i.e., the
first image frame is a positive image frame, and the duration
thereof is t1.

[0069] Inasecondimage frame (i.e., a frame F2), a second
voltage difference can be formed between the pixel electrode
and the common electrode of the first sub pixel through
applying different voltages to the pixel electrode and the
common electrode of the first sub pixel. The second voltage
difference is negative, ie., the second image frame is a
negative image frame, and the duration thereof is 2.
[0070] Similarly, in a third image frame (i.e., a frame F3),
a positive voltage difference can be formed between the
pixel electrode and the common electrode of the first sub
pixel. That is, the third image frame is a positive image
frame, and the duration thereof is t1. In a fourth image frame
(i.e, a frame F4), a negative voltage difference can be
formed between the pixel electrode and the common elec-
trode of the first sub pixel.

[0071] That is, the fourth image frame is a negative image
frame, and the duration thereof is t2. The positive voltage
difference and the negative voltage difference can be formed
alternately between the pixel electrode and the common
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electrode of the first sub pixel, i.e., the positive image frame
and the negative image frame are presented by the first sub
pixel alternately. In this manner, a sum of the duration t1 of
the first image frame and the duration t2 of the second image
frame constitutes a first driving cycle, and the voltage
difference between the pixel electrode and the common
electrode of the first sub pixel changes between the first
voltage difference and the second voltage difference cycli-
cally.

[0072] In order to reduce or even eliminate the positive
direct current bias voltage in the sub pixel during the
isochronous driving procedure, according to the present
embodiment, the duration of the negative image frame
should be larger than the duration of the positive image
frame, i.e., t2 is larger than t1. Therefore, when the liquid
crystal display panel is driven by the method provided by the
present embodiment, the aforesaid positive direct current
bias voltage can be reduced or even eliminated when the
panel is operated for a long time since the duration of the
negative image frame is larger than the duration of the
positive image frame during each driving cycle, and thus the
afterimage of the liquid crystal display panel can be allevi-
ated or even eliminated.

[0073] It should be noted that, according to the present
disclosure, the case that a still image is presented on the
liquid crystal display panel for a long time is only used for
illustrating the principle of the present disclosure more
clearly, which does not mean that the driving method
provided by the present disclosure is only applicable for the
displaying of the still image. According to other embodi-
ments of the present disclosure, dynamic images can also be
presented on the liquid crystal display panel. In this case, an
absolute value of the voltage difference between the pixel
electrode and the common electrode of each sub pixel in one
image frame can be different from that in other image
frames, and the present disclosure is not limited by this.
[0074] At the same time, it should also be noted that,
according to other embodiments of the present disclosure,
the duration of one positive image frame is not necessarily
equal to the durations of other positive image frames, and
the duration of one negative image frame is not necessarily
equal to the durations of other negative image frames, as
long as it can be guaranteed that the total duration of the
positive image frames (i.e., a sum of the durations of all
positive image frames during the preset period) is less than
the total duration of the negative image frames (i.e., a sum
of the durations of all negative image frames during the
preset period) during the preset display period. The present
disclosure is also not limited by this.

[0075] For example, according to one embodiment of the
present disclosure, as shown in

[0076] FIG. 6, a duration of an image frame F1 is T, a
duration of an image frame F2 is also T, and durations of an
image frame F3 and an image frame F4 are t1 and 2
respectively, wherein t1 is less than t2. The sub pixel is
driven cyclically taking 2T+t1+(2 as a driving cycle.
[0077] Thus it can be seen that, in a driving cycle, the
frame F1 and the frame F2 are a positive image frame and
a negative image frame respectively, and the durations
thereof are the same as each other; and the frame F3 and the
frame F4 are a positive image frame and a negative image
frame respectively, and the duration of the positive image
frame (ie., the frame F3) is less than the duration of the
negative image frame (i.e., the frame F4). In this case, the



US 2017/0169770 A1l

total duration of the positive image frames (i.e., T+t1) is less
than the total duration of the negative image frames (i.e.,
T+t2) during this driving cycle. Therefore, when the sub
pixels are driven by the aforesaid signal, the positive direct
current bias voltage which would be generated when the sub
pixels are driven by the conventional method can be reduced
or even eliminated, so that the afterimage of the liquid
crystal display panel can be alleviated, and the display effect
of the panel can be improved.

[0078] It should be noted that, according to different
embodiments of the present disclosure, in the waveform as
shown in FIG. 6, the duration t1 or the duration t2 can be
equal to or unequal to the duration of the image frame F1,
and the present disclosure is not limited by this. At the same
time, according to different embodiments of the present
disclosure, the voltage that is applied to the common elec-
trode (i.e., the common voltage) can be maintained
unchanged or changed in different image frames, and the
present disclosure is also not limited by this.

[0079] Similarly, according to other embodiments of the
present disclosure, the waveform of the voltage difference
between the pixel electrode and the common electrode of the
first sub pixel can be the waveform as shown in FIG. 7, and
the principle thereof'is the same as that of FIG. 6. The details
of which are no longer repeated here.

[0080] In addition, according to other embodiments of the
present disclosure, the waveform of the voltage difference
between the pixel electrode and the common electrode of the
first sub pixel in different image frames can be the waveform
as shown in FIG. 8. That is, when the duration of the positive
image frame is longer in the first image frame and the second
image frame, the duration of the negative image frame is
longer in the third image frame and the fourth image frame;
and when the duration of the negative image frame is longer
in the first image frame and the second image frame, the
duration of the positive image frame is longer in the third
image frame and the fourth image frame. Specifically, in the
waveform as shown in FIG. 8, t1 is larger than T, while t2
is less than T. Compared with the conventional isochronous
driving method (i.e., the frames each have a same duration),
the positive direct current bias voltage of the sub pixel can
be reduced or even eliminated when the sub pixel is driven
by the signal as shown in FIG. 8 through selecting the values
of t1, t2, and T in a reasonable manner, and thus the
afterimage of the liquid crystal display panel can be allevi-
ated or even eliminated.

[0081] According to the present embodiment, the polarity
of the direct current bias voltage (i.e., whether the direct
current bias voltage is a positive direct current bias voltage
or a negative direct current bias voltage) of the sub pixel can
be determined through the following method when the sub
pixel is driven in the isochronous driving method. The
duration of the positive image frames can be prolonged
through regulating the duration of the image frames of the
sub pixel. If the afterimage of the liquid crystal display panel
is alleviated, it can be determined that the negative direct
current bias voltage exists in the sub pixel when the sub
pixel is driven in the isochronous driving method; otherwise,
it can be determined that the positive direct current bias
voltage exists in the sub pixel when the sub pixel is driven
in the isochronous driving method.

[0082] Of course, according to other embodiments of the
present disclosure, the polarity of the direct current bias
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voltage can also be determined in other reasonable methods,
and the present disclosure is not limited by this.

[0083] For example, according to one embodiment of the
present disclosure, when the afterimage occurs on two liquid
crystal display panels with the same batch and type, the
duration of the image frames of the first panel can be
regulated so that the duration of the positive image frames
is prolonged, and the duration of the image frames of the
second panel can be regulated so that the duration of the
negative image frames is prolonged. Then, it is determined
that the afterimage on which panel becomes more serious. If
the afterimage on the first panel becomes more serious, it
can be determined that the positive direct current bias
voltage exists in the liquid crystal display panels of this
batch and type. If the afterimage on the second panel
becomes more serious, it can be determined that the negative
direct current bias voltage exists in the liquid crystal display
panels of this batch and type.

Embodiment 2

[0084] If the liquid crystal display panel is driven in the
conventional isochronous driving method, the common volt-
age should be reduced to a certain extent in order to avoid
an excessive direct current. However, when the common
voltage is reduced, a negative direct current bias voltage
would exist in some sub pixels after a period of operation.
[0085] The negative direct current bias voltage needs to be
neutralized or reduced in order to eliminate or alleviate the
afterimage. According to the driving method provided by the
present embodiment, the durations of the image frames are
regulated, so that the duration of the image frame in which
the voltage difference between the pixel electrode and the
common electrode of the sub pixel is positive (referred to as
“positive image frame” hereinafter) is prolonged relatively,
or the duration of the image frame in which the voltage
difference between the pixel electrode and the common
electrode of the sub pixel is negative (referred to as “nega-
tive image frame” hereinafter) is shortened relatively, or the
duration of the positive image frame is prolonged relatively
and at the same time the duration of the negative image
frame is shortened relatively. In this manner, the negative
direct current bias voltage of the sub pixel can be reduced or
even eliminated during the working process of the liquid
crystal display panel, and thus the afterimage of the liquid
crystal display panel can be alleviated.

[0086] Specifically, with respect to the sub pixels in which
the negative direct current bias voltage would be generated
when the sub pixels are driven by the driving method in the
prior art (i.e., the isochronous driving method), the wave-
form of the voltage difference between the pixel electrode
and the common electrode in different image frames can be
the waveform as shown in FIG. 9 to FIG. 11. The principle
thereof is the same as that of embodiment 1, and the details
of which are no longer repeated here.

[0087] In addition, according to other embodiments of the
present disclosure, the waveform of the voltage difference
between the pixel electrode and the common electrode of the
first sub pixel in different image frames can be the waveform
as shown in FIG. 12. In the waveform as shown in FIG. 12,
tl is larger than T, while 12 is less than T. Compared with the
isochronous driving method in the prior art, the negative
direct current bias voltage of the sub pixel can be reduced or
even eliminated when the sub pixel is driven by the signal
as shown in FIG. 12 through selecting the values of t1, t2,
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and T in a reasonable manner, and thus the afterimage of the
liquid crystal display panel can be alleviated or even elimi-
nated.

Embodiment 3

[0088] According to the present embodiment, based on the
method provided by embodiment 1 or embodiment 2, and
with the cooperation of two adjacent data lines, the polarity
of the direct current bias voltage of one data line can be
arranged opposite to the polarity of the direct current bias
voltage of another data line of the two adjacent data lines. In
this manner, a voltage difference would exist between the
two data lines, and the impurities in the panel can be
effectively adsorbed by the voltage difference. Therefore,
the extent that the impurities accumulate on the two sides of
the liquid crystal display panel can be reduced, and the
afterimage thereof can be alleviated.

[0089] Specifically, according to the present embodiment,
with respect to a first sub pixel and a second sub pixel that
are arranged on adjacent data lines respectively, a polarity of
a voltage difference of a pixel electrode and a common
electrode of the first sub pixel can be arranged to be opposite
to that of the second sub pixel during a same image frame
through applying different voltages to the pixel electrode
and the common electrode of the first sub pixel and the pixel
electrode and the common electrode of the second sub pixel
respectively. In this case, when a positive direct current
exists in the first sub pixel, a negative direct current would
exist in the second sub pixel, and thus a voltage difference
would be generated between the two sub pixels. Therefore,
the extent that the impurities accumulate on the two sides of
the liquid crystal display panel can be reduced, and the
afterimage thereof can be alleviated.

[0090] For example, the waveform of the voltage differ-
ence between the pixel electrode and the common electrode
of the first sub pixel in different image frames is shown in
FIG. §, and the waveform of the voltage difference as shown
in FIG. 13 can be formed between the pixel electrode and the
common electrode of the second sub pixel through applying
different voltages to the pixel electrode and the common
electrode of the second sub pixel. It can be seen from FIG.
5 and FIG. 13 that, the two waveforms are synchronous and
have opposite polarities. In this case, the direct current bias
voltages with opposite polarities can be formed in the first
sub pixel and the second sub pixel. Therefore, the extent that
the impurities accumulate on the two sides of the liquid
crystal display panel can be reduced, and the afterimage
thereof can be alleviated.

[0091] It can be seen from the above description that,
according to the method for driving the liquid crystal display
panel provided by the present disclosure, the duration of the
image frame with the polarity the same as the polarity of the
direct current bias voltage can be shortened relatively and
the duration of the image frame with the polarity opposite to
the polarity of the direct current bias voltage can be pro-
longed relatively through regulating the durations of the
image frames. In this case, the direct current bias voltage
which would otherwise exist in the isochronous driving
procedure can be reduced or even eliminated, so that the
afterimage of the liquid crystal display panel can be allevi-
ated, and the display effect thereof can be improved.
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[0092] Moreover, the present disclosure further provides a
method for driving the liquid crystal display panel. FIG. 14
is a flow chart of the method according to the present
embodiment.

[0093] As shown in FIG. 14, according to the present
embodiment, in step S1401, whether a time period during
which a same image is displayed on the liquid crystal display
panel reaches a preset time period is determined. If a
determination result of step S1401 is positive, step S1402 is
performed, i.e., the liquid crystal display panel is driven by
the aforesaid non-isochronous driving method so as to avoid
the afterimage since the same image is presented on the
liquid crystal display panel for a long time. If the determi-
nation result of step S1401 is negative, step S1403 is
performed, i.e., the liquid crystal display panel is driven by
the isochronous driving method in the prior art.

[0094] The time period during which the same image is
displayed on the liquid crystal display panel does not reach
the preset time period means that at this time, dynamic
images are displayed on the liquid crystal display panel or a
still image is displayed on the liquid crystal display panel for
a relatively short time. Under such circumstances, the prob-
ability that the afterimage occurs on the liquid crystal
display panel is small, and thus the liquid crystal display
panel can be driven in the isochronous driving method in
order to simplify the driving procedure thereof. In this case,
the durations of the image frames do not need to be
regulated, so that the data processing amount thereof can be
reduced and the driving and display efliciency can be
improved.

[0095] It could be understood that, the embodiments dis-
closed herein are not limited by the specific structures,
treatment steps or materials disclosed herein, but incorporate
the equivalent substitutes of these features which are com-
prehensible to those skilled in the art. It could be also
understood that, the terms used herein are used for describ-
ing the specific embodiments, not for limiting them.
[0096] The phrases “one embodiment” or “embodiments”
referred to herein mean that the descriptions of specific
features, structures and characteristics in combination with
the embodiments are included in at least one embodiment of
the present disclosure. Therefore, the phrases “one embodi-
ment” or “embodiments” appeared in different parts of the
whole description do not necessarily refer to the same
embodiment.

[0097] For the purpose of convenience, a plurality of items
and/or component units used herein can be listed in a
common list. However, the list shall be understood in a way
that each element thereof represents an only and unique
member. Therefore, when there is no other explanation, none
of members of the list can be understood as an actual
equivalent of other members in the same list only based on
the fact that they appear in the same list. In addition, the
embodiments and examples of the present disclosure can be
explained with reference to the substitutes of each of the
components. It could be understood that, the embodiments,
examples and substitutes herein shall not be interpreted as
the equivalents of one another, but shall be considered as
separate and independent representatives of the present
disclosure.

[0098] The embodiments are described hereinabove to
interpret the principles of the present disclosure in one
application or a plurality of applications. However, a person
skilled in the art, without departing from the principles and
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thoughts of the present disclosure, can make various modi-
fications to the forms, usages and details of the embodiments
of the present disclosure without any creative work. There-
fore, the protection scope of the present disclosure shall be
determined by the claims.

1. A method for driving a liquid crystal display panel, the
liquid crystal display panel comprising a plurality of sub
pixels, the method comprising:

presenting, in a non-isochronous driving step, images to

be displayed on the liquid crystal display panel frame
by frame through regulating a gray-scale of each sub
pixel of the liquid crystal display panel,

wherein durations of image frames are not all equal to one

another so as to reduce a direct current bias voltage of
the sub pixel and thus alleviate an afterimage of the
liquid crystal display panel.
2. The method according to claim 1, wherein the non-
isochronous driving step further comprises:
regulating, during a first display period, a duration per-
centage of a positive image frame and a duration
percentage of a negative image frame according to a
polarity of the direct current bias voltage of the sub
pixel during an isochronous driving procedure,

wherein when the direct current bias voltage has a posi-
tive polarity, a duration percentage of the negative
image frame is regulated to be larger than a duration
percentage of the positive image frame during the first
display period so as to reduce a positive direct current
bias voltage; and

wherein when the direct current bias voltage has a nega-

tive polarity, the duration percentage of the positive
image frame is regulated to be larger than the duration
percentage of the negative image frame during the first
display period so as to reduce a negative direct current
bias voltage.

3. The method according to claim 2, wherein the first
display period comprises a first image frame and a second
image frame, and a duration of the first image frame is
unequal to that of the second image frame.

4. The method according to claim 3, further comprising:

applying, during the first image frame, different voltages

to a pixel electrode and a common electrode of a first
sub pixel respectively, so as to form a first voltage
difference between the pixel electrode and the common
electrode of the sub pixel; and

applying, during the second image frame, different volt-

ages to the pixel electrode and the common electrode of
the first sub pixel respectively, so as to form a second
voltage difference between the pixel electrode and the
common electrode of the sub pixel,

wherein a polarity of the first voltage difference is oppo-

site to that of the second voltage difference, and/or an
amplitude of the first voltage difference is equal to that
of the second voltage difference.

5. The method according to claim 3, wherein the first
display period further comprises a third image frame and a
fourth image frame, and a duration of the third image frame
is equal to that of the fourth image frame.

6. The method according to claim 3, wherein the first
display period further comprises a third image frame and a
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fourth image frame, and a duration of the third image frame
is unequal to that of the fourth image frame.

7. The method according to claim 6,

wherein when a duration of the positive image frame is

longer in the first image frame and the second image
frame, a duration of the negative image frame is
regulated to be longer in the third image frame and the
fourth image frame; and

wherein when a duration of the negative image frame is

longer in the first image frame and the second image
frame, a duration of the positive image frame is regu-
lated to be longer in the third image frame and the
fourth image frame.

8. The method according to claim 3, wherein a signal of
the sub pixel of the liquid crystal display panel changes
cyclically taking the first display period as a cycle.

9. The method according to claim 1, wherein with respect
to a first sub pixel and a second sub pixel that are arranged
on adjacent data lines respectively, a polarity of a voltage
difference of a pixel electrode and a common electrode of
the first sub pixel is opposite to that of the second sub pixel
during a same image frame.

10. The method according to claim 2, wherein with
respect to a first sub pixel and a second sub pixel that are
arranged on adjacent data lines respectively, a polarity of a
voltage difference of a pixel electrode and a common
electrode of the first sub pixel is opposite to that of the
second sub pixel during a same image frame.

11. The method according to claim 3, wherein with
respect to a first sub pixel and a second sub pixel that are
arranged on adjacent data lines respectively, a polarity of a
voltage difference of a pixel electrode and a common
electrode of the first sub pixel is opposite to that of the
second sub pixel during a same image frame.

12. The method according to claim 1, further comprising:

determining whether a time period during which a same

image is displayed on the liquid crystal display panel
reaches a preset time period,

if yes, executing the non-isochronous driving step; and

if no, executing an isochronous driving step so as to drive

the liquid crystal display panel in an isochronous
driving method.

13. The method according to claim 2, further comprising:

determining whether a time period during which a same

image is displayed on the liquid crystal display panel
reaches a preset time period,

if yes, executing the non-isochronous driving step; and

if no, executing an isochronous driving step so as to drive

the liquid crystal display panel in an isochronous
driving method.

14. The method according to claim 3, further comprising:

determining whether a time period during which a same

image is displayed on the liquid crystal display panel
reaches a preset time period,

if yes, executing the non-isochronous driving step: and

if no, executing an isochronous driving step so as to drive

the liquid crystal display panel in an isochronous
driving method.
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