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LIQUID CRYSTAL DISPLAY AND PIXEL
DISPLAYING STRUCTURE THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal dis-
play and a pixel displaying structure thereof, and more par-
ticularly to a liquid crystal display and pixel displaying struc-
ture thereof that use image brightness mixture between two
consecutive frames to reduce zigzag phenomenon of bright-
dark boundaries that is derived from using pixel-division
means for solving color-shift problem.

BACKGROUND OF THE INVENTION

[0002] Because liquid crystal displays have a characteristic
of color-shift phenomenon that comes along with the increase
in view angle, and therefore reducing the color-shift problem
has become one of the chief targets to achieve high quality
liquid crystal displays. Referring to FIG. 1, FIG. 1 discloses a
scheme view of a pixel displaying structure of a conventional
liquid crystal display, wherein the liquid crystal display has a
plurality of sub-pixel units 90, and the sub-pixel units 90 are
arranged in a two-dimensional matrix arrangement, and at
least one sub-pixel units 90 constructs a pixel unit. Each of the
sub-pixel units 90 is divided along a horizontal line into a
rectangular bright-partition 90A and a rectangular dark-par-
tition 90B, wherein the bright-partition 90A is not necessarily
equal to the dark-partition in size, and the bright-partitions
90A of the sub-pixel unit 90 arranged at the same row are
corresponding to each other in position, and similarly the
dark-partitions 90B are corresponding to each other in posi-
tion. The division is achieved by varying alignment direction
ofliquid crystal molecules under the bright-partition 90 A and
the dark-partition 90B to make light flux of the bright-parti-
tion 90A to be more than the light flux of the dark-partition
90B. In any view angle of the liquid crystal display, the
brightness of mixture of lights from the bright-partitions 90A
and the dark-partitions 90B will be basically the same as the
brightness we feel when we look straight at the liquid crystal
display, so as to solve the color-shift problem.

[0003] However, with reference to FIG. 2, FIG. 2 is a
scheme view of the next frame of the pixel displaying struc-
ture of the conventional liquid crystal display in FIG. 1,
wherein the bright-partition 90A of the preceding frame turns
into a dark-partition 90A', and the dark-partition 90B of the
preceding frame turns into a bright-partition 90B', in other
words, brightness and darkness change over between the rows
of sub-pixel units on two consecutive frames of screen image.
Foregoing means of changing over brightness and darkness
between the rows of sub-pixel units will inevitably affect
image quality during displaying an oblique line on screen due
to the boundary between the bright-partition 90A and the
dark-partition 90B of the sub-pixel unit 90, wherein a user
will see a ladder-like (or zigzag) bright-dark boundary line
900 appearing on the oblique line constructed by a plurality of
the sub-pixel units 90.

[0004] Hence, it is necessary to provide a liquid crystal
display and a pixel displaying structure thereof to overcome
the problems existing in the conventional technology.

SUMMARY OF THE INVENTION

[0005] A primary object of the invention is to provide a
liquid crystal display, wherein the pixel displaying structure
thereof uses image brightness mixture between two consecu-
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tive frames to reduce ladder-like phenomenon of bright-dark
boundaries that is derived from using pixel-division means
for improving color-shift problem.

[0006] A secondary object of the present invention is to
provide a pixel displaying structure which changes over
bright mode and dark mode at the partition of each sub-pixel
unit between two consecutive frames while keeping the
bright-dark mode diverse between two of the adjacent parti-
tions, so as to use changing-over on brightness to reduce the
ladder-like bright-dark boundary line which occurred while
displaying an oblique line on screen on the basis of visible
persistence theory.

[0007] To achieve the above object, the present invention
provides a liquid crystal display, wherein the liquid crystal
display comprises:

[0008] a display panel having a pixel displaying structure,
wherein the pixel displaying structure has a plurality of sub-
pixel units arranged on a two-dimensional matrix arrange-
ment, and each of the sub-pixel unit is divided into two
rectangular partitions;

[0009] a liquid crystal driving module connected to the
sub-pixel units; and

[0010] a timing controller connected to the liquid crystal
driving module, wherein the timing controller controls the
liquid crystal driving module to drive each of the partitions to
perform a bright mode or a dark mode in one frame, and then
change over the bright-mode partition to the dark-mode par-
tition or change over the dark-mode partition to the bright-
mode partition in next frame, wherein each of the partitions
differs with the partitions adjacent thereto on the bright mode
and the dark mode.

[0011] In one embodiment of the present invention, the
timing controller controls the liquid crystal driving module to
transfer driving signals with opposite polarities to the same
sub-pixel unit between two consecutive frames.

[0012] In one embodiment of the present invention, the
liquid crystal driving module has a data driver and a gate
driver, wherein the data driver is connected to the sub-pixel
units through a plurality of data lines which are extended
along a column direction, and the gate driver is connected to
the sub-pixel units through a plurality of scan lines which are
extended along a row direction.

[0013] Inone embodiment of the present invention, two of
the adjacent sub-pixel units in the same row are both con-
nected to one of the data lines.

[0014] In one embodiment of the present invention, the
liquid crystal display further has a backlight module, wherein
the backlight module is mounted at a side of the display panel
to provide a light source for the display panel.

[0015] Furthermore, the present invention provides a pixel
displaying structure which has a plurality of sub-pixel units
arranged on a two-dimensional matrix arrangement, and each
ofthe sub-pixel unitis divided into two rectangular partitions,
wherein each of the partitions performs a bright mode or a
dark mode in one frame, and then the bright mode and the
dark mode are changed over to each other in next frame,
wherein each of the partitions differs with the partitions adja-
cent thereto on bright-dark mode.

[0016] In one embodiment of the present invention, the
pixel displaying structure controls a liquid crystal driving
module through a timing controller to drive each of the sub-
pixel units.

[0017] In one embodiment of the present invention, the
timing controller controls the liquid crystal driving module to
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transfer driving signals with opposite polarities to the same
sub-pixel unit between two consecutive frames.

[0018] In one embodiment of the present invention, the
liquid crystal driving module has a data driver and a gate
driver, wherein the data driver is connected to the sub-pixel
units through a plurality of data lines which are extended
along a column direction, and the gate driver is connected to
the sub-pixel units through a plurality of scan lines which are
extended along a row direction.

[0019] In one embodiment of the present invention, two of
the adjacent sub-pixel units in the same row are both con-
nected to one of the data lines.

[0020] Comparing with the existing techniques, the liquid
crystal display and the pixel displaying structure thereof of
the present invention change over the bright-dark mode of
each of the partitions of the sub-pixel units between two
consecutive frames while keeping the bright-dark mode
diverse between two of the adjacent partitions to mix the
brightness visually for reducing the ladder-like bright-dark
boundaries when displaying oblique lines on screen, so as to
enhance image qualities.

DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a schematic view of a conventional pixel
displaying structure applying pixel-division for improving a
color-shift problem;

[0022] FIG. 2 is a schematic view of a next frame of the
pixel displaying structure in FIG. 1;

[0023] FIG. 3 is a system schematic view of a liquid crystal
display according to a preferred embodiment of the present
invention;

[0024] FIG. 4 is a schematic view of a pixel displaying
structure according to a preferred embodiment of the present
invention; and

[0025] FIG. 5 is a schematic view of a next frame of the
pixel displaying structure in FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] The foregoing objects, features and advantages
adopted by the present invention can be best understood by
referring to the following detailed description of the preferred
embodiments and the accompanying drawings. Furthermore,
the directional terms described in the present invention, such
as upper, lower, front, rear, left, right, inner, outer, side and
etc., are only directions referring to the accompanying draw-
ings, so that the used directional terms are used to describe
and understand the present invention, but the present inven-
tion is not limited thereto.

[0027] With reference to FIG. 3, FIG. 3 discloses a system
schematic view of a liquid crystal display according to a
preferred embodiment of the present invention. A liquid crys-
tal display (LCD) comprises a display panel 10, a liquid
crystal driving module 11, a timing controller (T-con) 12 and
a backlight module 13.

[0028] The display panel 10 has a pixel displaying struc-
ture, with further reference to FIG. 4, wherein FIG. 4 dis-
closes a schematic view of the pixel displaying structure
according to a preferred embodiment ofthe present invention,
and the pixel displaying structure has a plurality of sub-pixel
units 100 which are arranged on a two-dimensional matrix
arrangement. One pixel unit may be constructed by at least
one of the sub-pixel units 100. Each of the sub-pixel units 100
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is divided into two rectangular partitions, a first partition
100A and a second partition 100B, wherein the first partition
100A and the second partition 100B is not necessarily equal
to each other in dimension. The sub-pixel units 100 generally
refer to thin film transistors.

[0029] Theliquid crystal driving module 11 is connected to
the sub-pixel units 100 and preferably has a gate driver 110
and a data driver 111 (i.e. source driver). The data driver 110
is connected to the sub-pixel units 100 through a plurality of
data lines which are extended along a row direction, and the
gate driver 111 is connected to the sub-pixel units 100 through
a plurality of scan lines which are extended along a column
direction, and the scan lines cross the data lines. Arrangement
directions of the data driver 110 and the gate driver 111 are
basically interchangeable. Besides, in the sub-pixel units 100
arranged on a two-dimensional matrix arrangement, two of
the adjacent sub-pixel units 100 in the same row may be both
connected to one of the data lines as to form a so-called half
source driving structure (HSD).

[0030] The timing controller 12 controls the liquid crystal
driving module 11 to transfer driving signals with opposite
polarities to the same sub-pixel unit 100 between two con-
secutive frames to further drive each of the partition to per-
form a bright mode or a dark mode in one frame, and then
change over the bright-mode partition to the dark-mode par-
tition or change over the dark-mode partition to the bright-
mode partition in next frame, wherein each of the partitions
differs with the partitions adjacent thereto on bright and dark
modes.

[0031] In detail, with reference to FIGS. 4 and 5, FIG. 5 is
a schematic view of a next frame of the pixel displaying
structure in FIG. 4. Each of the sub-pixel units 100 is divided
into two rectangular partitions, a first partition 100A and a
second partition 100B. The first partition 100A and the sec-
ond partition 100B perform a bright mode or a dark mode in
one frame, wherein two of the transversely-adjacent first par-
titions 100A or two of the transversely-adjacent second par-
titions 100B perform bright-dark modes that differ with each
other. Meanwhile, two longitudinally-adjacent first partition
100A and second partition 100B perform bright-dark modes
that differ with each other. In the next frame, while the timing
controller 12 controls the liquid crystal driving module 11 to
transfer a driving signal with an opposite polarity to the same
sub-pixel unit 100, wherein the first partitions 100A or the
second partitions 100B in bright mode are changed over to
dark mode, and the first partitions 100A or the second parti-
tions 100B in dark mode are changed over to bright mode.
[0032] The backlight module 13 is mounted at a side of the
display panel 10 to provide a light source for the display panel
10.

[0033] With reference to FIGS. 4 and 5, when some of the
sub-pixels 100' are constructing an oblique line, since the
bright-dark mode of the partitions of the sub-pixels 100
change over between two consecutive frames while maintain-
ing each of the partitions differs with the partitions adjacent
thereto on bright-dark mode, image brightness on the con-
secutive frames will be mixed due to vision persistence to
further reduce a ladder-like line that is visually produced by
the bright-dark boundaries of the partitions, so as to achieve
the effect of enhancing image qualities.

[0034] In conclusion, comparing with the conventional
pixel displaying structure which improves the color-shift
problem by pixel division to derive another problem ofhaving
a ladder-like bright-dark boundary line appeared during dis-
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playing an oblique line, the pixel displaying structure of the
present invention in FIG. 3 that maintains each of the parti-
tions differs with the partitions adjacent thereto on bright-
dark mode and inverses the voltage polarity of each of the
sub-pixels 100 by using the timing controller 12 to change
over the bright-dark mode between consecutive frames
indeed effectively achieve brightness mixture on two con-
secutive frames with vision persistence to reduce the ladder-
like lines which are produced visually by the bright-dark
boundaries of the partitions, and to enhance displaying quali-
ties.

[0035] The present invention has been described with a
preferred embodiment thereof and it is understood that many
changes and modifications to the described embodiment can
be carried out without departing from the scope and the spirit
of the invention that is intended to be limited only by the
appended claims.

1. A liquid crystal display, characterized in that: the liquid
crystal display comprises:

adisplay panel having a pixel displaying structure, wherein
the pixel displaying structure has a plurality of sub-pixel
units arranged on a two-dimensional matrix arrange-
ment, and each of the sub-pixel unit is divided into two
rectangular partitions;

a liquid crystal driving module connected to the sub-pixel
units, wherein the liquid crystal driving module further
has a data driver and a gate driver, wherein the data driver
is connected to the sub-pixel units through a plurality of
data lines which are extended along a column direction,
and the gate driver is connected to the sub-pixel units
through a plurality of scan lines which are extended
along a row direction; and

a timing controller connected to the liquid crystal driving
module, wherein the timing controller controls the lig-
uid crystal driving module to transfer driving signals
with opposite polarities to the same sub-pixel unit
between two consecutive frames to drive each of the
partitions to perform a bright mode or adark mode in one
frame, and then change over the bright-mode partition to
the dark-mode partition or change over the dark-mode
partition to bright-mode partition in next frame, wherein
each of the partitions differs with the partitions adjacent
thereto on the bright mode and the dark mode.

2. The liquid crystal display as claimed in claim 1, charac-
terized in that: two of the adjacent sub-pixel units in the same
row are both connected to one of the data lines.

3. The liquid crystal display as claimed in claim 1, charac-
terized in that: the liquid crystal display further has a back-
light module, wherein the backlight module is mounted at a
side of the display panel to provide a light source for the
display panel.

4. The liquid crystal display as claimed in claim 2, charac-
terized in that: the liquid crystal display further has a back-
light module, wherein the backlight module is mounted at a
side of the display panel to provide a light source for the
display panel.

5. A liquid crystal display, characterized in that: the liquid
crystal display comprises:

adisplay panel having a pixel displaying structure, wherein
the pixel displaying structure has a plurality of sub-pixel
units arranged on a two-dimensional matrix arrange-
ment, and each of the sub-pixel unit is divided into two
rectangular partitions;
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a liquid crystal driving module connected to the sub-pixel

units; and

a timing controller connected to the liquid crystal driving

module, wherein the timing controller controls the lig-
uid crystal driving module to drive each of the partitions
to perform a bright mode or a dark mode in one frame,
and then change over the bright-mode partition to the
dark-mode partition or change over the dark-mode par-
tition to bright-mode partition in next frame, wherein
each of the partitions differs with the partitions adjacent
thereto on bright-dark mode.

6. The liquid crystal display as claimed in claim 5, charac-
terized in that: the timing controller controls the liquid crystal
driving module to transfer driving signals with opposite
polarities to the same sub-pixel unit between two consecutive
frames.

7. The liquid crystal display as claimed in claim 5, charac-
terized in that: the liquid crystal driving module further has a
data driver and a gate driver, wherein the data driver is con-
nected to the sub-pixel units through a plurality of data lines
which are extended along a column direction, and the gate
driver is connected to the sub-pixel units through a plurality of
scan lines which are extended along a row direction.

8. The liquid crystal display as claimed in claim 7, charac-
terized in that: two of the adjacent sub-pixel units in the same
row are both connected to one of the data lines.

9. The liquid crystal display as claimed in claim 5, charac-
terized in that: the liquid crystal display further has a back-
light module, wherein the backlight module is mounted at a
side of the display panel to provide a light source for the
display panel.

10. The liquid crystal display as claimed in claim 6, char-
acterized in that: the liquid crystal display further has a back-
light module, wherein the backlight module is mounted at a
side of the display panel to provide a light source for the
display panel.

11. The liquid crystal display as claimed in claim 7, char-
acterized in that: the liquid crystal display further has a back-
light module, wherein the backlight module is mounted at a
side of the display panel to provide a light source for the
display panel.

12. The liquid crystal display as claimed in claim 8, char-
acterized in that: the liquid crystal display further has a back-
light module, wherein the backlight module is mounted at a
side of the display panel to provide a light source for the
display panel.

13. A pixel displaying structure, characterized in that: the
pixel displaying structure has a plurality of sub-pixel units
arranged on a two-dimensional matrix arrangement, and each
ofthe sub-pixel unitis divided into two rectangular partitions,
wherein each of the partitions performs a bright mode or a
dark mode in one frame, and then the bright mode and the
dark mode are changed over to each other in next frame,
wherein each of the partitions differs with the partitions adja-
cent thereto on bright-dark mode.

14. The pixel displaying structure as claimed in claim 13,
characterized in that: the pixel displaying structure controls a
liquid crystal driving module through a timing controller to
drive each of the sub-pixel units.

15. The pixel displaying structure as claimed in claim 14,
characterized in that: the timing controller controls the liquid
crystal driving module to transfer driving signals with oppo-
site polarities to the same sub-pixel unit between two con-
secutive frames.



US 2012/0176427 Al

16. The pixel displaying structure as claimed in claim 14,
characterized in that: the liquid crystal driving module has a
data driver and a gate driver, wherein the data driver is con-
nected to the sub-pixel units through a plurality of data lines
which are extended along a column direction, and the gate
driver is connected to the sub-pixel units through a plurality of
scan lines which are extended along a row direction.

17. The pixel displaying structure as claimed in claim 15,
characterized in that: the liquid crystal driving module has a
data driver and a gate driver, wherein the data driver is con-
nected to the sub-pixel units through a plurality of data lines
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which are extended along a column direction, and the gate
driver is connected to the sub-pixel units through a plurality of
scan lines which are extended along a row direction.

18. The pixel displaying structure as claimed in claim 16,
characterized in that: two of the adjacent sub-pixel units in the
same row are both connected to one of the data lines.

19. The pixel displaying structure as claimed in claim 17,
characterized in that: two of the adjacent sub-pixel units in the
same row are both connected to one of the data lines.
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