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(57) ABSTRACT

A liquid crystal display device and a method for driving the
liquid crystal display device are provided. The liquid crystal
display device includes a liquid crystal display panel and a
driving circuit. The liquid crystal display panel includes
multiple liquid crystal display pixels disposed in a matrix.
The liquid crystal display device is configured to display a
same picture in two successive frames. The driving circuit is
configured to apply pixel voltages to each of the multiple
liquid crystal display pixels separately in the two successive
frames so that liquid crystal molecules of each of the
multiple liquid crystal display pixels are rotated. In each of
the two successive frames, a voltage value of a pixel voltage
of each liquid crystal display pixel is different from that of
adjacent liquid crystal display pixels. Pixel voltages of a
same liquid crystal display pixel in a preceding one frame
and in a succeeding frame have a same polarity and different
voltage values.
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In a preceding one of two successive frames, apply a pixel voltage, /‘ 3 10
by the driving module 20, to each of the LCD pixels of the LCD panel
10 separately to deflect all liquid crystal molecules of each of the
LCD pixels

Y

In a succeeding one of two successive frames, apply a pixel voltage, /‘ 320
by the driving module 20, to each of the LCD pixels of the LCD panel
10 separately to deflect all liquid crystal molecules of each ofthe
LCD pixels

FIG3
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In the preceding one of two successive frames, apply a pixel voltage, by 410
the driving module 20, to each of the LCD pixels of the LCD panel 10 /_
separately to deflect all liquid crystal molecules of each ofthe LCD
pixels

In the preceding one of the two successive frames, after liquid
molecules of LCD pixels in the rectangular panel zones 1011, 1012, ...
and 10M,N are deflected, drive, by the driving module 20, all of the 490
rectangular backlight zones 3011, 3012, ... and 30M,N to emit light /_
simultaneously

Y

In the succeeding one ofthe two successive frames, apply a pixel

voltage, by the driving module 20, to each ofthe LCD pixels of the

LCD panel 10 separately to deflect all liquid crystal molecules of each /‘ 430
of the LCD pixels

In the succeeding one of the two successive frames, after liquid
molecules of LCD pixels in all of the rectangular panel zones 101,
1012 ... and 10M,N are deflected, drive by the driving module 20 all of 440

the rectangular backlight zones 3014, 3012, ... and 30M,N to emit light /_
simultaneously

FIG4
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In the preceding one of the two successive frames, apply a 510
pixel voltage, by the driving module 20, to each of the LCD /_
pixels of the LCD panel 10 separately to deflect all liquid
crystal molecules of each of the LCD pixels

A J

In the preceding one of the two successive frames, after
liquid molecules of all LCD pixels in the rectangular panel
zone 10i; of the LCD panel 10 are deflected, drive, by the
drive module 20, the rectangular backlight zone 30i, to emit/- 520

light until all of the rectangular backlight zones 301,1, 301,2,
... and 30M,N are driven to emit light

y

In the succeeding one of the two successive frames,

apply a pixel voltage, by the driving module 20, to each |~ 530

of the LCD pixels of the LCD panel 10 separately to

deflect all liquid crystal molecules of each of the LCD
pixels

In the succeeding one of the two successive frames, after
liquid molecules of all LCD pixels in the rectangular panel
zone 10i; of the LCD panel 10 are deflected, drive, by the
driving module 20, the rectangular backlight zone 30i, to / 54()
emit light until all of the rectangular backlight zones 3011,

3012, ... and 30M,N are driven to emit light

FIG.S
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LIQUID CRYSTAL DISPLAY AND METHOD
FOR DRIVING SAME

TECHNICAL FIELD

[0001] The present disclosure relates to the field of display
technology, particularly to a Liquid Crystal Display device
and a method for driving a liquid crystal display device.

BACKGROUND

[0002] The evolution of the optoelectronic technology and
the semiconductor technology has boosted the development
of Flat Panel Displays (FPDs). Among numerous FPDs,
Liquid Crystal Display (LCD) has been applied to many
aspects of production and life for their advantages of high
space utilization efficiency, low power consumption, no
radiation and low electromagnetic interference.

[0003] A liquid crystal display device usually includes a
liquid crystal display panel, a backlight module and a
driving module for driving the liquid crystal display panel
and the backlight module, where the LCD panel includes a
color filter (CF) substrate and an array substrate disposed
opposing to each other, and liquid crystals sandwiched
between the two. A large-sized LCD panel usually uses
Vertically Aligned (VA) negative liquid crystals. However,
the VA negative liquid crystals have many defects. Particu-
larly, when observed in a large viewing angle, an LCD panel
with VA negative liquid crystals has a color shift phenom-
enon.

[0004] To prevent the foregoing defects, each sub-pixel in
a liquid crystal display panel with VA negative liquid
crystals is usually divided into a primary sub-pixel and a
secondary sub-pixel, and the primary sub-pixel and the
secondary sub-pixel are supplied with different pixel volt-
ages. However, in such a pixel design, more metal wires and
Thin Film Transistors (TFTs) are need to drive the primary
and secondary sub-pixels, the aperture ratio is reduced and
thus the transmittance of the liquid crystal display panel is
reduced. To maintain the original transmittance, luminance
of light emitted from the backlight module needs to be
enhanced, as a result, the cost of the backlight module
increases.

SUMMARY

[0005] The present disclosure provides a liquid crystal
display device and a driving method thereof capable of
preventing low color shift phenomenon without affecting
aperture ratio.

[0006] According to the first aspect, there is provided a
liquid crystal display device including a liquid crystal dis-
play panel and a driving circuit. The liquid crystal display
panel includes a plurality of liquid crystal display pixels
disposed in a matrix manner and the liquid crystal display
panel is configured to display a same picture in two succes-
sive frames. The driving circuit is configured to apply pixel
voltages to each of the plurality of liquid crystal display
pixels separately in the two successive frames so that liquid
crystal molecules of each of the plurality of liquid crystal
display pixels are deflected. In each of the two successive
frames, for each of the plurality of liquid crystal display
pixels, a voltage value of a pixel voltage is different from
that of an adjacent liquid crystal display pixel. Pixel voltages
of a same liquid crystal display pixel in a preceding one of
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the two successive frames and in a succeeding one of the two
successive frames have a same polarity and different voltage
values.

[0007] Optionally, the liquid crystal display device further
includes a backlight module, where the liquid crystal display
panel is divided into M x N rectangular panel zones, the
backlight module is divided into M x N rectangular back-
light zones, and a rectangular panel zone of the ith row and
the jth column corresponds to a rectangular backlight zone
of the ith row and the jth column, where formulas 1<i<sM
and 1<j=<N apply; and in each of the two successive frames,
after liquid crystal molecules of all liquid crystal display
pixels in each of the rectangular panel zones are deflected,
the driving circuit is further configured to drive all of the
rectangular backlight zones to emit light simultaneously.
[0008] Optionally, the liquid crystal display device further
includes a backlight module, where the liquid crystal display
panel is divided into MxN rectangular panel zones, the
backlight module is divided into MxN rectangular backlight
zones, and a rectangular panel zone of the ith row and the jth
column corresponds to a rectangular backlight zone of the
ith row and the jth column, where formulas 1<i<M and
1=j=N apply; and in each of the two successive frames, after
liquid crystal molecules of each liquid crystal display pixel
in the rectangular panel zone of the ith row and jth column
are deflected, the driving circuit is further configured to
drive the rectangular backlight zone of the ith row and jth
column to emit light until the driving circuit drives all of the
rectangular backlight zones to emit light.

[0009] Optionally, luminance of the rectangular backlight
zone of the ith row and jth column and a sum of pixel
voltages of all liquid crystal display pixels in the rectangular
panel zone of the ith row and jth column meet the following
formula:

*Vi'

- *
i1 Vi 1=Li; 2"V 0,

L

[0010] where L, , denotes luminance of the rectangular
backlight zone of the ith row and jth column in the preceding
one of the two successive frames, V,; , denotes a sum of
pixel voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L, ; , denotes
luminance of the rectangular backlight zone of the ith row
and jth column in the succeeding one of the two successive
frames, and V,; , denotes a sum of pixel voltages of all
liquid crystal display pixels in the rectangular panel zone of
the ith row and jth column in the succeeding one of the two
successive frames.

[0011] Optionally, luminance of the rectangular backlight
zone of the ith row and jth column and a sum of pixel
voltages of all liquid crystal display pixels in the rectangular
panel zone of the ith row and jth column meet the following
formula:

ot

i1 L ij 2

.

i2

ZZ*sz *Vi,ja

L
[0012] where L, ; denotes luminance of the rectangular
backlight zone of the ith row and jth column when the liquid
crystal display device is configured to display a picture in
only one frame, V, , denotes a sum of pixel voltages of all
liquid crystal display pixels in all of the rectangular panel
zones when the liquid crystal display device is configured to
display a picture in only one frame, L, ; | denotes luminance
of the rectangular backlight zone of the ith row and jth
column in the preceding one of the two successive frames,

V., 1 denotes a sum of pixel voltages of all liquid crystal
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display pixels in the rectangular panel zone of the ith row
and jth column in the preceding one of the two successive
frames, L, ; , denotes luminance of the rectangular backlight
zone of the ith row and jth column in the succeeding one of
the two successive frames, and V, ; , denotes a sum of pixel
voltages of all liquid crystal display pixels in the rectangular
panel zone of the ith row and jth column in the succeeding
one of the two successive frames.

[0013] According to the second aspect, there is further
provided a method for driving a liquid crystal display
device. The liquid crystal display device includes a liquid
crystal display panel and a driving circuit, and the liquid
crystal display panel includes a plurality of liquid crystal
display pixels disposed in a matrix manner; and

[0014] the method includes:

[0015] inapreceding one of two successive frames, apply-
ing pixel voltages, by the driving circuit, to each of the
plurality of liquid crystal display pixels of the liquid crystal
display panel separately so that all liquid crystal molecules
of each of the plurality of liquid crystal display pixels are
deflected, where the liquid crystal display panel is config-
ured to display a same picture in the two successive frames;
and

[0016] in a succeeding one of the two successive frames,
applying pixel voltages, by the driving circuit, to each of the
plurality of liquid crystal display pixels of the liquid crystal
display panel separately so that all liquid crystal molecules
of each of the plurality of liquid crystal display pixels are
deflected,

[0017] where in each of the two successive frames, a
voltage value of the pixel voltage of each of the plurality of
liquid crystal display pixels is different from that of an
adjacent liquid crystal display pixel, and pixel voltages of a
same liquid crystal display pixel in the preceding one of the
two successive frames and in the succeeding one of the two
successive frames have a same polarity and different voltage
values.

[0018] Optionally, the liquid crystal display device further
includes a backlight module, where the liquid crystal display
panel is divided into MxN rectangular panel zones, the
backlight module is divided into MxN rectangular backlight
zones and a rectangular panel zone of the ith row and jth
column corresponds to a rectangular backlight zone of the
ith row and jth column, where formulas 1<i<M and 1<j=N
apply; and

[0019] the method further includes:

[0020] in the preceding one of the two successive frames,
after liquid crystal molecules of all liquid crystal display
pixels in each of the rectangular panel zones are deflected,
driving all of the rectangular backlight zones, by the driving
circuit, to emit light simultaneously; and

[0021] in the succeeding frame of the two successive
frames, after liquid crystal molecules of all liquid crystal
display pixels in each of the rectangular panel zones are
deflected, driving all of the rectangular backlight zones, by
the driving circuit, to emit light simultaneously.

[0022] Optionally, the liquid crystal display device further
includes a backlight module, where the liquid crystal display
panel is divided into MxN rectangular panel zones, the
backlight module is divided into MxN rectangular backlight
zones and a rectangular panel zone of the ith row and jth
column corresponds to a rectangular backlight zone of the
ith row and jth column, where formulas 1<i<M and 1<j<N
apply; and

Oct. 17,2019

[0023] the method further includes:

[0024] in the preceding one of the two successive frames,
after liquid crystal molecules of all liquid crystal display
pixels in the rectangular panel zone of the ith row and jth
column are deflected, driving the rectangular backlight zone
of the ith row and jth column, by the driving circuit, to emit
light until the driving circuit drives all of the rectangular
backlight zones to emit light; and

[0025] inthe succeeding one of the two successive frames,
after liquid crystal molecules of each liquid crystal display
pixel in the rectangular panel zone of the ith row and jth
column are deflected, driving the rectangular backlight zone
of the ith row and jth column, by the driving circuit, to emit
light until the driving circuit drives all of the rectangular
backlight zones to emit light.

[0026] Optionally, luminance of the rectangular backlight
zone of the ith row and jth column and a sum of pixel
voltages of all liquid crystal display pixels in the rectangular
panel zone of the ith row and jth column meet the following
formula:

L

[0027] where L, |, denotes luminance of the rectangular
backlight zone of the ith row and jth column in the preceding
one of the two successive frames, V, , ; denotes a sum of
pixel voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L, ; , denotes
luminance of the rectangular backlight zone of the ith row
and jth column in the succeeding one of the two successive
frames, and V,, , denotes a sum of pixel voltages of all
liquid crystal display pixels in the rectangular panel zone of
the ith row and jth column in the succeeding one of the two
successive frames.

[0028] Optionally, luminance of the rectangular backlight
zone of the ith row and jth column and a sum of pixel
voltages of all liquid crystal display pixels in the rectangular
panel zone of the ith row and jth column meet the following
formula:

& = *
ij L Vi,‘,l _Lia/,z Vi,L2>

L

[0029] where L, | denotes luminance of the rectangular
backlight zone of the ith row and jth column in the preceding
one of the two successive frames, V,; | denotes a sum of
pixel voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L, ; , denotes
luminance of the rectangular backlight zone of the ith row
and jth column in the succeeding one of the two successive
frames, V,, , denotes a sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of the ith
row and jth column in the succeeding one of the two
successive frames, [, - denotes luminance of the rectangular
backlight zone of the 1th row and jth column when the liquid
crystal display device is configured to display a picture in
only one frame, and V, ; denotes a sum of pixel voltages of
all liquid crystal display pixels in all of the rectangular panel
zones when the liquid crystal display device is configured to
display the picture in only one frame.

[0030] Luminance of the rectangular backlight zone of the
ith row and jth column and a sum of pixel voltages of all
liquid crystal display pixels in the rectangular panel zone of
the ith row and jth column meet the following formulas:

i Vi Ly 2* Vi 7204

o i

* = *
Ly Vi a=Liy 2%V o, and

& & "k *®
Lij Vi +Liy 2™V 07251 4V
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[0031] where L, , denotes luminance of the rectangular
backlight zone of the ith row and jth column in the preceding
one of the two successive frames, V,  ; denotes a sum of
pixel voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L, ; , denotes
luminance of the rectangular backlight zone of the ith row
and jth column in the succeeding one of the two successive
frames, V, , , denotes a sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of the ith
row and jth column in the succeeding one of the two
successive frames, L, ; denotes luminance of the rectangular
backlight zone of the ith row and jth column when the liquid
crystal display device is configured to display a picture in
only one frame, and V, ; denotes a sum of pixel voltages of
all liquid crystal display pixels in all of the rectangular panel
zones when the liquid crystal display device is configured to
display the picture in only one frame.

[0032] The present disclosure further provides a method
for driving a liquid crystal display device, where the liquid
crystal display device includes a liquid crystal display panel
and a driving circuit, and the liquid crystal display panel
includes a plurality of liquid crystal display pixels disposed
in a matrix manner; and

[0033] the method includes:

[0034] inapreceding one of two successive frames, apply-
ing a first pixel voltage, by the driving circuit, to a first liquid
crystal display pixel of the liquid crystal display panel and
applying a second pixel voltage. by the driving circuit, to a
second liquid crystal display pixel of the liquid crystal
display panel so that liquid crystal molecules of the first
liquid crystal display pixel are deflected, where the liquid
crystal display panel is configured to display a same picture
in the two successive frames; and

[0035] in a succeeding one of the two successive frames,
applying the second pixel voltage, by the driving circuit, to
the first liquid crystal display pixel of the liquid crystal
display panel and applying the first pixel voltage, by the
driving circuit, to the second liquid crystal display pixel of
the liquid crystal display panel so that liquid crystal mol-
ecules of the first liquid crystal display pixel are deflected,
[0036] where the first liquid crystal display pixel is any
one of the plurality of liquid crystal display pixels, the
second liquid crystal display pixel is a liquid crystal display
pixel adjacent to the first liquid crystal display pixel. The
first pixel voltage and the second pixel voltage have a same
polarity and different voltage values, are stored in a Look-
Up-Table (LUT) form in the driving circuit and are deter-
mined in advance by inputted Red, Green, Blue (RGB)
signals and viewing angles to be compensated. Pixel volt-
ages are applied to each of the plurality of LCD pixels
separately in the two successive frames. In each of the two
successive frames, the voltage value of the pixel voltage of
each of the plurality of LCD pixels is different from that of
an adjacent LCD pixels, and the pixel voltages of a same
LCD pixel in the preceding one of the two successive frames
and in the succeeding one of the two successive frames have
a same polarity and different voltage values, so that low
color shift angle can be compensated when the LCD panel
displays a same picture in the two successive frames, that is,
color shift phenomenon does not occur on the LCD panel
when observed at a large viewing angle. In addition, the
LCD pixel is not divided into primary and secondary sub-
pixels, so no more metal wires and TFTs need to be added
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to drive the primary and secondary sub-pixels and thus the
aperture ratio does not decrease. The product of luminance
of each of the rectangular backlight zones and the sum of
pixel voltages of all LCD pixels in the corresponding one of
the rectangular panel zones in the preceding one of the two
successive frames is equal to that in the succeeding one of
the two successive frames, so that display luminance of each
of the rectangular panel zones in the preceding one of the
two successive frames is equal to that in the succeeding one
of the two successive frames, thereby eliminating flicker.
The sum of luminance of the picture displayed by each of the
rectangular panel zones of the display panel in the preceding
one of the two successive frames and that in the succeeding
one of the two successive frames is twice luminance of the
picture displayed by the LCD panel without low color shift
angle compensation, in one frame, so that luminance of the
picture displayed by the LCD panel is equal to luminance of
the picture displayed by the LCD panel without low color
shift angle compensation.

BRIEF DESCRIPTION OF DRAWINGS

[0037] The detailed description set forth below in connec-
tion with the accompanying drawings is intended to make
features of embodiments of the present disclosure apparent.
[0038] FIG. 1 is structural diagram 1 of an LCD device
according to an embodiment.

[0039] FIG. 2 is structural diagram 2 of an LCD device
according to an embodiment.

[0040] FIG. 3 is a flowchart of a method for driving the
LCD device illustrated in FIG. 1.

[0041] FIG. 4 is a flowchart 1 of a method for driving the
LCD device illustrated in FIG. 2.

[0042] FIG. 5is a flowchart 2 of a method for driving the
LCD device illustrated in FIG. 2.

DETAILED DESCRIPTION

[0043] The following embodiments will be described in
detail with reference to the accompanying drawings. If not
in collision, the following embodiments and the features
thereof may be combined arbitrarily.

[0044] FIG. 1 is structural diagram 1 of a liquid crystal
display device according to an embodiment.

[0045] As shown in FIG. 1, the LCD device according to
the embodiment includes an LCD panel 10, a driving
module (also referred to as driving circuit) 20 and a back-
light module 30.

[0046] The LCD panel 10 may include a color filter (CF)
substrate and an array substrate disposed opposing to each
other, and VA negative liquid crystals sandwiched between
the two. The LCD panel 10 may be one with a VA display
mode.

[0047] In the process of assembling the LCD device, the
LCD panel 10 and the backlight module 30 may be oppo-
sitely disposed and be secured by a fixed structure such as
a frame. The driving module 20 drives the backlight module
30 to emit light which will be used by the LCD panel 10.
FIG. 1 does not show the assembled state of the LCD panel
10 and the backlight module 30.

[0048] The LCD panel 10 includes A x B LCD pixels
(namely sub-pixels) P, ;, P, ,, ... and P, 5, where x is a
multiplication operator. An LCD pixel P, ,, (where a and b
are integers meeting formulas 1<a<A and 1<b<B) may be a
red LCD pixel, a green LCD pixel or a blue LCD pixel. The
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LCD pixels P, ,, P, ,, and P ; include at least one red LCD
pixel, at least one green LCD pixel and at least one blue
LCD pixel. Optionally, LCD pixels arranged in a column
direction (vertical direction in FIG. 1) are of the same color,
while in a row direction (horizontal direction in FIG. 1),
groups each including a red LCD pixel group, a green LCD
pixel group and a blue LCD pixel in order are sequentially
disposed.

[0049] Inthe LCD panel 10 according to the embodiment,
each of the LCD pixels is not divided into a primary
sub-pixel and a secondary sub-pixel. To prevent shift phe-
nomenon when the LCD panel 10 is observed at a large
viewing angle, a technical solution according to the embodi-
ment may include: displaying a same picture, by the LCD
panel 10, in two successive frames; and applying drive
voltages, by the driving module 20, to each of the LCD
pixels separately in the two successive frames so that liquid
crystal molecules of each of the LCD pixels are deflected. In
each of the two successive frames, the voltage value of the
pixel voltage of each of the LCD pixels is different from that
of each of adjacent LCD pixels, and the pixel voltages of a
same LCD pixel in the preceding one of the two successive
frames and in the succeeding one of the two successive
frames have a same polarity and different voltage values.

[0050] The frame refresh rate of the LCD panel 10 is
doubled, for example, raised from 60 Hz to 120 Hz.

[0051] As shown in FIG. 1, in the preceding one of the two
successive frames, the driving module 20 applies a high
pixel voltage (or a low pixel voltage) to the LCD pixel P,
to deflect liquid crystal molecules of the L.CD pixel P, ,; and
applies low pixel voltages (or high pixel voltages) to LCD
pixels P(a—l),b’ Pa,(b—l)f Pa,(b+1) and P(a+1),b~

[0052] Inthe succeeding one of the two successive frames,
the driving module 20 applies the low pixel voltage (or the
high pixel voltage) to the LCD pixel P, , to deflect liquid
crystal molecules of the LCD pixel P, ,; and applies high
pixel voltages (or low pixel voltages) to LCD pixels Piiys
P ooy Paany and Pl

[0053] The voltage value of the pixel voltage of each of
the LCD pixels is different from that of each of adjacent
LCD pixels. The pixel voltages of a same LCD pixel in the
preceding one of the two successive frames and in the
succeeding one of the two successive frames have a same
polarity and different voltage values. The LCD panel 10 can
display the same picture in the two successive frames.

[0054] The high pixel voltages and the low pixel voltages
are determined in advance by inputted RGB (Red, Green,
Blue) signals and viewing angles needed to compensate, and
may be recorded in a form of LUT in the driving module 20.
For example, taking drive signals of 8 bits as an example, the
R signal, G signal and B signal in the inputted RGB signals
correspond to 256 pairs of pixel voltages (each pair includes
a high pixel voltage and a low pixel voltage), respectively,
and there are totally 3*256 high pixel voltages and 3%256
low pixel voltages, where * is a multiplication operator.

[0055] To sum up, pixel voltages with the same polarity
and different voltage values are applied to each of the LCD
pixels in the preceding one of the two successive frames and
in the succeeding one of the two successive frames sepa-
rately, and the voltage value of the pixel voltage of each of
the LCD pixels is different from that of each of adjacent
LCD pixels, so that low color shift angle can be compen-
sated when the LCD panel 10 displays the same picture in
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the two successive frames, that is, color shift phenomenon
does not occur on the LCD panel 10 when observed at a
large viewing angle.

[0056] To eliminate flicker caused by uneven luminance of
each LCD pixel of the LCD panel 10 between the two
successive frames, optionally, the backlight module 30 is
divided into multiple backlight zones and luminance of each
backlight zone is dynamically adjusted, so that luminance of
each LCD pixel of the LCD panel 10 is uniform and thus the
flicker is eliminated. See an LCD panel in FIG. 2. FIG. 2 is
structural diagram 2 of the LCD device according to an
embodiment. The following lists differences between the
embodiment shown in FI1G. 2 and the embodiment shown in
FIG. 1.

[0057] As shown in FIG. 2, compared with the embodi-
ment shown in FIG. 1, in the LCD device in FIG. 2, an LCD
panel 10 is divided into MxN rectangular panel zones 10, |,
10, ,, . .. and 10,,,, and a backlight module 30 is divided
into MxN rectangular backlight zones 30, |, 30, ,, . . . and
30, - The rectangular panel zone 10, ; corresponds to the
rectangular backlight zone 30, , where i and j are integers
that meet formulas 1<i<M and 1<j<N. The quantity of LCD
pixels included in each rectangular panel zone may be the
same or different.

[0058] Luminance of the rectangular backlight zone 30,
and the sum of pixel voltages of all LCD pixels in the
rectangular panel zone 10, ; meet the following formula 1:

* = *
Vij1=Liy 2™y o,

il Vi 1L [Formula 1]

L
[0059] where L, ; ; denotes luminance of the rectangular
panel zone 10, in the preceding one of the two successive
frames, V, ; , denotes the sum of pixel voltages of all LCD
pixels in the rectangular panel zone 10, in the preceding one
of the two successive frames, 1, ; , denotes luminance of the
rectangular backlight zone 30, ; in the succeeding one of the
two successive frames, and V, , , denotes the sum of pixel
voltages of all LCD pixels in the rectangular backlight zone
30, in the succeeding one of the two successive frames.
[0060] Since the pixel voltage of the LCD pixel is directly
proportional to the light transmittance of the LCD pixel, the
product of the backlight luminance and the light transmit-
tance of the LCD pixel constitutes the display luminance of
the LCD pixel and the product of the backlight luminance
and the pixel voltage of the LCD pixel represents the display
luminance of the LCD pixel. When the product of luminance
of the rectangular backlight zone 30, , and the sum of pixel
voltages of all LCD pixels in the rectangular panel zone 10, ,
in the preceding one of the two successive frames is equal
to that in the succeeding one of the two successive frames,
the display luminance of the rectangular panel zone 10, ; in
the preceding one of the two successive frames is equal to
that in the succeeding one of the two successive frames,
thereby eliminating flicker.
[0061] After the LCD panel 10 and the backlight module
30 are divided into zones, the backlight module 30 may
supply display light to the LCD panel 10 in the following
two methods.
[0062] In the first method of supplying display light by the
backlight module 30 to the liquid crystal display panel 10,
in each of the two successive frames, after liquid molecules
of all LCD pixels in all of the rectangular panel zones 10, |,
10, 5, . . . and 10, are deflected, the driving module 20
drives all of the rectangular backlight zones 30, ;, 30, ,, . .
. and 30,,, to emit light simultaneously. Each of the rect-
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angular backlight zones may have a different or same
luminance. The luminance of each rectangular backlight
zone is adjusted by the driving module 20.

[0063] Inthe second method, in each of the two successive
frames, after liquid molecules of all LCD pixels in the
rectangular panel zone 10; ; are deflected, the driving module
20 drives the rectangular backhght zone 30, - to emit light
until it drives all of the rectangular backlight zones 30, ,
30, ,, . .. and 30,,,, to emit light. The driving module 20
drives each of the rectangular backlight zones in a time
division mode. Each of the rectangular backlight zones may
have a different or same luminance. The luminance of each
rectangular backlight zone is adjusted by the driving module
20.

[0064] To make luminance of a picture displayed by the
LCD panel 10 equal to luminance of the picture displayed by
an LCD panel without low color shift angle compensation,
optionally, the sum of luminance of the picture displayed by
each of the rectangular panel zones of the LCD panel 10 in
the preceding one of the two successive frames and that in
the succeeding one of the two successive frames is twice
luminance of the picture displayed by the LCD panel
without low color shift angle compensation in one frame.

[0065] Luminance of the rectangular backlight zone 30,
and the sum of pixel voltages of all LCD pixels in the
rectangular panel zone 10, ; meet the following formula 2:

Lo *Viy iy 5*Viy 5=27L, Y,

S
[0066] where L, ; denotes luminance of the corresponding
rectangular backlight zone when the LCD device without
low color shift angle compensation is configured to display
the picture in only one frame and V, " denotes the sum of
pixel voltages of all LCD pixels in the corresponding
rectangular panel zones when the LCD device without low
color shift angle compensation 1s configured to display the
picture in only one frame. The LCD device without low
color shift angle compensation displays different pictures in
different frames.

[0067] The following describes a methods for driving the
LCD device. FIG. 3 is a flowchart of a method for driving
the LCD device illustrated in FIG. 1.

[0068] As shown in FIG. 1 and FIG. 3, the method for
driving the LCD device according to an embodiment
includes:

[0069] At Step 310, in the preceding one of the two
successive frames, pixel voltages are applied by the driving
module 20 to each of the LCD pixels of the LCD panel 10
separately so that all liquid crystal molecules of each of the
LCD pixels are deflected; and

[0070] At Step 320, in the succeeding one of the two
successive frames, pixel voltages are applied by the driving
module 20 to each of the LCD pixels of the LCD panel 10
separately so that all liquid crystal molecules of each of the
LCD pixels are deflected.

[0071] In the preceding frame and the succeeding frame,
the voltage value of the pixel voltage of each of the LCD
pixels is different from that of each of adjacent LCD pixels,
and the pixel voltages of a same LCD pixel in the preceding
one of the two successive frames and in the succeeding one
of the two successive frames have a same polarity and
different voltage values.

[0072] FIG. 4 is a flowchart 1 of a method for driving the
LCD device illustrated in FIG. 2.

[Formula 2]
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[0073] As shown in FIG. 2 and FIG. 4, the method for
driving the LCD device according to an embodiment
includes:

[0074] At Step 410, in the preceding one of the two
successive frames, pixel voltages are applied by the driving
module 20 to each of the LCD pixels of the LCD panel 10
separately so that all liquid crystal molecules of each of the
LCD pixels are deflected,;

[0075] At Step 420, in the preceding one of the two
successive frames, after liquid molecules of LCD pixels in
all of the rectangular panel zones 10, ,, 10, ,, .. .and 10,
are deflected, the driving module 20 drrves all of the
rectangular backlight zones 30, ;, 30, ,, . . . and 30, to
emit light simultaneously;

[0076] At Step 430, in the succeeding one of the two
successive frames, pixel voltages are applied by the driving
module 20 to each of the LCD pixels of the LCD panel 10
separately so that all liquid crystal molecules of each of the
LCD pixels are deflected; and

[0077] At Step 440, in the succeeding one of the two
successive frames, after liquid molecules of LCD pixels in
all of the rectangular panel zones 10, ;, 10, ,, .. . and 10,
are deflected, the driving module 20 dr1ves all of the
rectangular backlight zones 30, ;, 30, ,, . . . and 30,,, to
emit light simultaneously,

[0078] In the preceding frame and the succeeding frame,
the voltage value of the pixel voltage of each of the LCD
pixels is different from the voltage values of the pixel
voltages of the adjacent LCD pixels, and the pixel voltages
of a same LCD pixel in the preceding one of the two
successive frames and in the succeeding one of the two
sticcessive frames have a same polarity and different voltage
values.

[0079] FIG. 5 is a flowchart 2 of a method for driving the
LCD device illustrated in FIG. 2.

[0080] As shown in FIG. 2 and FIG. 5, the method for
driving the LCD device according to an embodiment
includes:

[0081] At Step 510, in the preceding one of the two
successive frames, pixel voltages are applied by the driving
module 20 to each of the LCD pixels of the LCD panel 10
separately so that all liquid crystal molecules of each of the
LCD pixels are deflected,;

[0082] At Step 520, in the preceding one of the two
successive frames, after liquid molecules of all LCD pixels
in the rectangular panel zone 10, ; of the LCD panel 10 are
deflected, the driving module 20 drives the rectangular
backlight zone 30, to emit light until it drives all of the
rectangular backlight zones 30, ;, 30, ,, . . . and 30,,, to
emit light;

[0083] At Step 530, in the succeeding one of the two
successive frames, pixel voltages are applied by the driving
module 20, to each of the LCD pixels of the LCD panel 10
separately so that all liquid crystal molecules of each of the
LCD pixels are deflected; and

[0084] At Step 540, in the succeeding one of the two
successive frames, after liquid molecules of all LCD pixels
in the rectangular panel zone 10, ; of the LCD panel 10 are
deflected, the driving module 20 drives the rectangular
backlight zone 30, to emit light until it drives all of the
rectangular backhght zones 30, , 30, ,, . .. and 30,,, to
emit light,

[0085] In the preceding frame and the succeeding frame,
the voltage value of the pixel voltage of each of the LCD
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pixels is different from the voltage values of the pixel
voltages of adjacent LCD pixels, and the pixel voltages of a
same LCD pixel in the preceding one of the two successive
frames and in the succeeding one of the two successive
frames have a same polarity and different voltage values.
[0086] Optionally, in the methods illustrated in FIG. 4 and
FIG. §, luminance of the rectangular backlight zone 30, ; and
the sum of pixel voltages of all LCD pixels in the rectangular
panel zone 10, ; meet at least one of the foregoing formula 1
and formula 2.

[0087] To sum up, pixel voltages with the same polarity
but different voltage values are applied to each of the
plurality of LCD pixels separately in the two successive
frames, and in each of the two successive frames, the voltage
value of the pixel voltage of each of the plurality of LCD
pixels is different from that of each of adjacent LCD pixels,
so that low color shift angle can be compensated when the
LCD panel displays a same picture in the two successive
frames, that is, color shift phenomenon does not occur on the
LCD panel when observed at a large viewing angle. In
addition, each of the plurality of LCD pixels is not divided
into primary and secondary sub-pixels, so no more metal
wires and TFTs need to be added to drive the primary and
secondary sub-pixels and thus the aperture ratio does not
decrease. The product of luminance of each of the rectan-
gular backlight zones and the sum of pixel voltages of all
LCD pixels in the corresponding one of the rectangular
panel zones in the preceding one of the two successive
frames is equal to that in the succeeding one of the two
successive frames, so that display luminance of each of the
rectangular panel zones in the preceding one of the two
successive frames is equal to that in the succeeding one of
the two successive frames, thereby eliminating flicker. The
sum of luminance of the picture displayed by each of the
rectangular panel zones of the display panel in the preceding
one of the two successive frames and that in the succeeding
one of the two successive frames is twice luminance of the
picture displayed by the LCD panel without low color shift
angle compensation in only one frame, so that luminance of
the picture displayed by the LCD panel is equal to luminance
of the picture displayed by the LCD panel without low color
shift angle compensation.

INDUSTRIAL APPLICABILITY

[0088] A liquid crystal display device and a method for
driving the liquid crystal display device according to the
present disclosure can eliminate color shift phenomenon at
a large viewing angle.

What is claimed is:

1) A liquid crystal display device, comprising:

a) a liquid crystal display panel; and

b) a driving circuit, wherein the liquid crystal display
panel includes a plurality of liquid crystal display
pixels disposed in a matrix manner, and the liquid
crystal display panel is configured to display a same
picture in two successive frames;

c) the driving circuit is configured to supply a pixel
voltage for each of the plurality of liquid crystal display
pixels in the two successive frames for rotating liquid
crystal molecules of each of the plurality of liquid
crystal display pixels;

d) in each of the two successive frames, for each of the
plurality of liquid crystal display pixels, a voltage value
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of the pixel voltage is different from voltage values of
pixel voltages of adjacent LCD pixels; and

e) pixel voltages of a same liquid crystal display pixel in
a preceding one of the two successive frames and in a
succeeding one of the two successive frames have a
same polarity and different voltage values.

2) The liquid crystal display device of claim 1, further

comprising

a) a backlight module, wherein the liquid crystal display
panel is divided into (MxN) rectangular panel zones,
the backlight module is divided into (MxN) rectangular
backlight zones, and the rectangular panel zone of an
ith row and jth column corresponds to the rectangular
backlight zone of an ith row and jth column, where
formulas 1=i=M and 1<j<N apply; and

b) in each of the two successive frames, after liquid
crystal molecules of all liquid crystal display pixels in
each of the rectangular panel zones are deflected, the
driving circuit is further configured to drive all of the
rectangular backlight zones to emit light simultane-
ously.

3) The liquid crystal display device of claim 1, further

comprising

a) a backlight module, wherein the liquid crystal display
panel is divided into MxN rectangular panel zones, the
backlight module is divided into MxN rectangular
backlight zones and the rectangular panel zone of an ith
row and jth column corresponds to the rectangular
backlight zone of an ith row and jth column, where
formulas 1<i<M and 1<j<N apply; and

b) in each of the two successive frames, after liquid
crystal molecules of all liquid crystal display pixels in
the rectangular panel zone of the ith row and jth column
are deflected, the driving circuit is further configured to
drive the rectangular backlight zone of the ith row and
jth column to emit light until the driving circuit drives
all of the rectangular backlight zones to emit light.

4) The liquid crystal display device of claim 2, wherein
luminance of the rectangular backlight zone of the ith row
and jth column and a sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of the ith
row and jth column meet the following formula:

L, "V, =L, .*V,, ,, wherein * denotes a multiplica-
tion operator, L, ; | denotes luminance of the rectangu-
lar backlight zone of the ith row and jth column in the
preceding one of the two successive frames, V,, |
denotes a sum of pixel voltages of all liquid crystal
display pixels in the rectangular panel zone of the ith
row and jth column in the preceding one of the two
successive frames, L, | denotes luminance of the rect-
angular backlight zone of the ith row and jth column in
the succeeding one of the two successive frames, and
V,, » denotes a sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of
the ith row and jth column in the succeeding one of the
two successive frames.

5) The liquid crystal display device of claim 3, wherein
luminance of the rectangular backlight zone of the ith row
and jth column and a sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of the ith
row and jth column meet the following formula:

L, \*V,; ,=L;; »*V,, », wherein * denotes a multiplica-

tion operator, L, ; | denotes luminance of the rectangu-
lar backlight zone of the ith row and jth column in the
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preceding one of the two successive frames, V,,
denotes a sum of pixel voltages of all liquid crystal
display pixels in the rectangular panel zone of the ith
row and jth column in the preceding one of the two
successive frames, I, ; , denotes luminance of the rect-
angular backlight zone of the ith row and jth column in
the succeeding one of the two successive frames, and
V,, » denotes a sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of
the ith row and jth column in the succeeding one of the
two successive frames.

6) The liquid crystal display device of claim 2, wherein
luminance of the rectangular backlight zone of the ith row
and jth column and a sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of the ith
row and jth column meet the following formula:

L, ¥V, ¥ L, 5%V, ,=2%1, *V,  wherein * denotes a
multiplication operator, L, denotes luminance of the
rectangular backlight zone of the ith row and jth
column when the liquid crystal display device is con-
figured to display a picture in only one frame, V,;
denotes a sum of pixel voltages of all liquid crystal
display pixels in all of the rectangular panel zones
when the liquid crystal display device is configured to
display the picture in only one frame, L, ; denotes
luminance of the rectangular backlight zone of the ith
row and jth column in the preceding one of the two
successive frames, V,, | denotes a sum of pixel volt-
ages of all liquid crystal display pixels in the rectan-
gular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L, ,
denotes luminance of the rectangular backlight zone of
the ith row and jth column in the succeeding one of the
two successive frames, and V, ; , denotes a sum of pixel
voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in
the succeeding one of the two successive frames.

7) The liquid crystal display device of claim 3, wherein
luminance of the rectangular backlight zone of the ith row
and jth column and a sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of the ith
row and jth column meet the following formula:

L, "V, L, 2"V, =25, *V, , wherein * denotes a
multiplication operator, L, denotes luminance of the
rectangular backlight zone of the ith row and jth
column when the liquid crystal display device is con-
figured to display a picture in only one frame, V,,
denotes a sum of pixel voltages of all liquid crystal
display pixels in all of the rectangular panel zones
when the liquid crystal display device is configured to
display the picture in only one frame, L, , denotes
luminance of the rectangular backlight zone of the ith
row and jth column in the preceding one of the two
successive frames, V,; | denotes a sum of pixel volt-
ages of all liquid crystal display pixels in the rectan-
gular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L, ,
denotes luminance of the rectangular backlight zone of
the ith row and jth column in the succeeding one of the
two successive frames, and V, ; , denotes a sum of pixel
voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in
the succeeding one of the two successive frames.
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8) The liquid crystal display device of claim 4, wherein
luminance of the rectangular backlight zone of the ith row
and jth column and the sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of the ith
row and jth column meet the following formula:

L ¥V, 0L, %Y, =251, ¥V, , wherein L, ; denotes
luminance of the rectangular backlight zone of the ith
row and jth column when the liquid crystal display
device is configured to display a picture in only one
frame and V, ; denotes a sum of pixel voltages of all
liquid crystal display pixels in the rectangular panel
zones when the liquid crystal display device is config-
ured to display the picture in only one frame.

9) The liquid crystal display device of claim 5, wherein
luminance of the rectangular backlight zone of the ith row
and jth column and the sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of the ith
row and jth column meet the following formula:

L, ¥V L, 5%V, 5=2%L, *V,  wherein L, ; denotes
luminance of the rectangular backlight zone of the ith
row and jth column when the liquid crystal display
device is configured to display a picture in only one
frame and V, ; denotes a sum of pixel voltages of all
liquid crystal display pixels in the rectangular panel
zones when the liquid crystal display device is config-
ured to display the picture in only one frame.

10) The liquid crystal display device of claim 1, wherein
the plurality of liquid crystal display pixels comprises at
least one red liquid crystal display pixel, at least one green
liquid crystal display pixel and at least one blue liquid
crystal display pixel.

11) A method for driving a liquid crystal display device,
wherein the liquid crystal display device comprises a liquid
crystal display panel and a driving circuit, and the liquid
crystal display panel comprises a plurality of liquid crystal
display pixels disposed in a matrix, the method comprises:

a) in a preceding one of two successive frames, applying
a pixel voltage, by the driving circuit, to each of the
plurality of liquid crystal display pixels of the liquid
crystal display panel separately to deflect all liquid
crystal molecules of each of the plurality of liquid
crystal display pixels, wherein the liquid crystal display
panel is configured to display a same picture in the two
successive frames; and

b) in a succeeding one of the two successive frames,
applying a pixel voltage, by the driving circuit, to each
of the plurality of liquid crystal display pixels of the
liquid crystal display panel separately to deflect all
liquid crystal molecules of each of the plurality of
liquid crystal display pixels, wherein in each of the two
successive frames, a voltage value of the pixel voltage
of each of the plurality of liquid crystal display pixels
is different from a voltage value of the pixel voltage of
an adjacent liquid crystal display pixels, and the pixel
voltages of the same liquid crystal display pixel in the
preceding one of the two successive frames and in the
succeeding one of the two successive frames have the
same polarity and different voltage values.

12) The method of claim 11, wherein the liquid crystal

display device further comprises

a) a backlight module, the liquid crystal display panel is
divided into (MxN) rectangular panel zones, the back-
light module is divided into (MxN) rectangular back-
light zones, and the rectangular panel zone of an ith row
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and jth column corresponds to the rectangular backlight

zone of an ith row and jth column, where formulas

1=i=M and 1=j=N apply; and

b) the method further comprises:

1) in the preceding one of the two successive frames,
after liquid crystal molecules of all liquid crystal
display pixels in each of the rectangular panel zones
are deflected, driving all of the rectangular backlight
zones, by the driving circuit, to emit light simulta-
neously; and

i) in the succeeding one of the two successive frames,
after liquid crystal molecules of all liquid crystal
display pixels in each of the rectangular panel zones
are deflected, driving all of the rectangular backlight
zones, by the driving circuit, to emit light simulta-
neously.

13) The method of claim 11, wherein the liquid crystal
display device further comprises

a) a backlight module, the LCD panel is divided into
(MxN) rectangular panel zones, the backlight module
1s divided into (MxN) rectangular backlight zones, and
the rectangular panel zone of an ith row and jth column
corresponds to the rectangular backlight zone of an ith
row and jth column, where formulas 1<i<M and 1<j<N
apply; and

b) the method further comprises:

i) in the preceding one of the two successive frames,
after liquid crystal molecules of all liquid crystal
display pixels in the rectangular panel zone of the ith
row and jth column are deflected, driving the rect-
angular backlight zone of the ith row and jth column,
by the driving circuit, to emit light until the driving
circuit drives all of the rectangular backlight zones to
emit light; and

i) in the succeeding one of the two successive frames,
after liquid crystal molecules of all liquid crystal
display pixels in the rectangular panel zone of the ith
row and jth column are deflected, driving the rect-
angular backlight zone of the ith row and jth column,
by the driving circuit, to emit light until the driving
circuit drives all of the rectangular backlight zones to
emit light.

14) The method of claim 12, wherein luminance of the
rectangular backlight zone of the ith row and jth column and
a sum of pixel voltages of all liquid crystal display pixels in
the rectangular panel zone of the ith row and jth column
meet the following formula:

L ¥V, =L, »*V,, », wherein * denotes a multiplica-
tion operator, L, ; | denotes luminance of the rectangu-
lar backlight zone of the ith row and jth column in the
preceding one of the two successive frames, V,, |
denotes a sum of pixel voltages of all liquid crystal
display pixels in the rectangular panel zone of the ith
row and jth column in the preceding one of the two
successive frames, L, ; , denotes luminance of the rect-
angular backlight zone of the ith row and jth column in
the succeeding one of the two successive frames, and
V,, » denotes a sum of pixel voltages of all liquid
crystal display pixels in the rectangular panel zone of
the ith row and jth column in the succeeding one of the
two successive frames.

15) The method of claim 12, wherein luminance of the

rectangular backlight zone of the ith row and jth column and

wherein * denotes a multiplication operator, L
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a sum of pixel voltages of all liquid crystal display pixels in
the rectangular panel zone of the ith row and jth column
meet the following formula:

£ £ )% *®
Ly Vi 4Ly 2™V 0725 4V,

wherein * denotes a multiplication operator, L, , denotes

luminance of the rectangular backlight zone of the ith
row and jth column in the preceding one of the two
successive frames, V,; | denotes a sum of pixel volt-
ages of all liquid crystal display pixels in the rectan-
gular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L;; ,
denotes luminance of the rectangular backlight zone of
the ith row and jth column in the succeeding one of the
two successive frames, V, , , denotes a sum of pixel
voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in
the succeeding one of the two successive frames, L,
denotes luminance of the rectangular backlight zone of
the ith row and jth column when the liquid crystal
display device is configured to display a picture in only
one frame, and V, ; denotes a sum of pixel voltages of
all liquid crystal display pixels in all of the rectangular
panel zones when the liquid crystal display device is
configured to display the picture in only one frame.
16) The method of claim 12, wherein luminance of the

rectangular backlight zone of the ith row and jth column and
a sum of pixel voltages of all liquid crystal display pixels in
the rectangular panel zone of the ith row and jth column
meet the following formulas:

& = &
Li,j,l Vij,l’Li,,z Vi,,LZ’ and

L *Vi,;r"LiJ,z *Vi,/,fZ*Li,' “¥;

i

wherein * denotes a multiplication operator, L, ; ; denotes

P71
luminance of the rectangular backlight zone of the ith

row and jth column in the preceding one of the two
successive frames, V,, | denotes a sum of pixel volt-
ages of all liquid crystal display pixels in the rectan-
gular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L, ,
denotes luminance of the rectangular backlight zone of
the ith row and jth column in the succeeding one of the
two successive frames, V,; , denotes a sum of pixel
voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in
the succeeding one of the two successive frames, L,
denotes luminance of the rectangular backlight zone of
the ith row and jth column when the liquid crystal
display device is configured to display a picture in only
one frame, and V, ; denotes a sum of pixel voltages of
all LCD pixels in all of the rectangular panel zones
when the liquid crystal display device is configured to
display the picture in only one frame.

17) The method of claim 13, wherein luminance of the

rectangular backlight zone of the ith row and jth column and
a sum of pixel voltages of all liquid crystal display pixels in
the rectangular panel zone of the ith row and jth column
meet the following formula:

Li,j,l *Vij,l :Li);,z # Vi,,LZv
+; 1 denotes
luminance of the rectangular backlight zone of the ith
row and jth column in the preceding one of the two

successive frames, V,; | denotes a sum of pixel voli-
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ages of all liquid crystal display pixels in the rectan-
gular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L, ,
denotes luminance of the rectangular backlight zone of
the ith row and jth column in the succeeding one of the
two successive frames, and V,  , denotes a sum of pixel
voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in
the succeeding one of the two successive frames.

18) The method of claim 13, wherein luminance of the
rectangular backlight zone of the ith row and jth column and
a sum of pixel voltages of all liquid crystal display pixels in
the rectangular panel zone of the ith row and jth column
meet the following formula:

Lip Wiy 4L

il Vi 1ty o

*V; i 2=2 *Lij *V;

wherein * denotes a multiplication operator, L, ; ; denotes
luminance of the rectangular backlight zone of the ith
row and jth column in the preceding one of the two
successive frames, V,; , denotes a sum of pixel volt-
ages of all liquid crystal display pixels in the rectan-
gular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L, ,
denotes luminance of the rectangular backlight zone of
the ith row and jth column in the succeeding one of the
two successive frames, V,, , denotes a sum of pixel
voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in
the succeeding one of the two successive frames, L,
denotes luminance of the rectangular backlight zone of
the ith row and jth column when the liquid crystal
display device is configured to display a picture in only
one frame, and V, ; | denotes a sum of pixel voltages of
all liquid crystal display pixels in all of the rectangular
panel zones when the liquid crystal display device is
configured to display the picture in only one frame.
19) The method of claim 13, wherein luminance of the
rectangular backlight zone of the ith row and jth column and
a sum of pixel voltages of all liquid crystal display pixels in
the rectangular panel zone of the ith row and jth column
meet the following formulas:

* = *
Li,‘,l Vi,‘,l’Li,,z Vi,;z» and

Lij Vi ¥y 2™V o725 5V,

wherein * denotes a multiplication operator, L, ; ; denotes
luminance of the rectangular backlight zone of the ith
row and jth column in the preceding one of the two
successive frames, V, ;| denotes a sum of pixel volt-

ages of all liquid crystal display pixels in the rectan-
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gular panel zone of the ith row and jth column in the
preceding one of the two successive frames, L, ,
denotes luminance of the rectangular backlight zone of
the ith row and jth column in the succeeding one of the
two successive frames, V, , , denotes a sum of pixel
voltages of all liquid crystal display pixels in the
rectangular panel zone of the ith row and jth column in
the succeeding one of the two successive frames, L,;
denotes luminance of the rectangular backlight zone of
the ith row and jth column when the liquid crystal
display device is configured to display a picture in only
one frame, and V, ; denotes a sum of pixel voltages of
all liquid crystal display pixels in all of the rectangular
panel zones when the liquid crystal display device is
configured to display the picture in only one frame.
20) A method for driving a liquid crystal display device,
wherein the liquid crystal display device comprises a liquid
crystal display panel and a driving circuit, and the liquid
crystal display panel comprises a plurality of liquid crystal
display pixels disposed in a matrix form, the method com-
prises:
in a preceding one of two successive frames, applying a
first pixel voltage, by the driving circuit, to a first liquid
crystal display pixel of the liquid crystal display panel
and applying a second pixel voltage, by the driving
circuit, to a second liquid crystal display pixel of the
liquid crystal display panel so that liquid crystal mol-
ecules of the first liquid crystal display pixel are
deflected, wherein the liquid crystal display panel is
configured to display a same picture in the two suc-
cessive frames; and
in a succeeding one of the two successive frames, apply-
ing the second pixel voltage, by the driving circuit, to
the first liquid crystal display pixel of the liquid crystal
display panel and applying the first pixel voltage, by the
driving circuit, to the second liquid crystal display pixel
of the liquid crystal display panel so that liquid crystal
molecules of the first liquid crystal display pixel are
rotated,
wherein the first liquid crystal display pixel is any one of
the plurality of liquid crystal display pixels, the second
liquid crystal display pixel is a liquid crystal display
pixel adjacent to the first liquid crystal display pixel;
the first pixel voltage and the second pixel voltage have
a same polarity and different voltage values, are stored
in an LUT form in the driving circuit and are deter-
mined in advance by inputted RGB signals and viewing
angles needed to be compensated.
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