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(57) ABSTRACT

The present invention provides a liquid crystal display, which
comprises a display panel, a backlight module, and a driving
module; wherein, the display panel comprises a filter sub-
strate. The filter substrate comprises multiple filter units.
Each filter unit comprises a red filter, a blue filter, and a
transparent filter. The backlight module comprises a first
backlight and a green backlight. The first backlight is formed
by packaging a blue light emitting chip and a red phosphor.
The present invention further provides a driving method of
liquid crystal display. The liquid crystal display and the driv-
ing method thereof can not only reduce the consumption of
the backlight by the transparent filter provided on the filter
substrate, improving the utilization of the backlight; but also
reduce the usage of green light emitting chip through the first
backlight formed by packaging a blue light emitting chip and
a red phosphor. At the same time, the liquid crystal display
further has a high color performance.
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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to the field of liquid
crystal display, and in particular to a liquid crystal display and
the driving method thereof.

[0003] 2. The Related Arts

[0004] The existing technology is vigorously developed,
the old information Commodities give place to the new to
meet the different needs of the public. Most of the early
display devices are cathode ray tube (CRT) display. Because
of its large size and large power consumption, and the gener-
ated radiation is harmful for the user using the monitor for a
long time, the traditional CRT displays are gradually replaced
by the liquid crystal display (LCD) in the existing commercial
displays.

[0005] The liquid crystal display has many advantages of
thin body, power saving, no radiation, etc., which is widely
used. Referring to FI1G. 1, it is a liquid crystal display accord-
ing to the existing technology, which comprises a backlight
module 10, a display panel 20, and a driving module 50. The
display panel 20 comprises a lower polarizing layer 21, an
array substrate 23, a liquid crystal layer 25, a filter substrate
24, and a upper polarizing layer 22 provided in the direction
away from the backlight module 10. Wherein, the backlight
module 10 is provided with a white light source 11 thereon;
the filter substrate 24 comprises multiple filter units, each
filter unit comprises a red filter 241, a green filter 242, and a
blue filter 243. When displaying, the driving module 50 drives
the white light source 11 to emit light and drives the red
sub-pixel, the blue sub-pixel, and the green sub-pixel to dis-
play at the same time. Wherein, the grayscale driving the red
sub-pixel, the blue sub-pixel, and the green sub-pixel is deter-
mined by the image screen information.

[0006] However, in this liquid crystal display, the filter
substrate 24 has higher light consumption, leading to lower
utilization of the white light source 11, which is smaller than
33%. In order to improve the utilization of the backlight
module 10, it proposes a new display method recently. Refer-
ring to FIG. 2, it is a liquid crystal display according to the
existing technology, which comprises a backlight module 30,
adisplay panel 20, and a driving module 50. The display panel
20 comprises a lower polarizing layer 21, an array substrate
23, a liquid crystal layer 25, a filter substrate 26, and a upper
polarizing layer 22 provided in the direction away from the
backlight module 30. Wherein, the backlight module 30 is
provided with a white light source 31 and a green light source
32 thereon; the filter substrate 26 comprises multiple filter
units, each filter unit comprises a red filter 261, a transparent
filter 262, and a blue filter 263. The displays are divided into
odd frames and even frames. As in odd frames, the driving
module 50 drives the white light source 31 to emit light and
drives the red sub-pixel and the blue sub-pixel to display at the
same time; as in even frames, the driving module 50 drives the
green light source 32 to display and drives the green sub-pixel
to display at the same time. Under continuous alternation of
the odd frames and the even frames, it can display the com-
plete images. However, in this display method, the white light
source is usually made of red light-emitting chips, blue emit-
ting chips and green light-emitting chips, or made of blue
light-emitting chips, green light-emitting chips, and red phos-
phor. If it is made of red light-emitting chips, blue emitting
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chips and green light-emitting chips, the costs is high, the
driving is complex, and the decay lifetimes of three different
color chips are inconsistent, leading to chromaticity drift, and
then reduce the display quality of the liquid crystal display; If
it is made of blue light-emitting chips, green light-emitting
chips, and red phosphor, the driving method is more complex,
and the utilization of the backlight module 30 is still lower.

SUMMARY OF THE INVENTION

[0007] In order to solve the existing technical issue, the
present invention is to provide a liquid crystal display and the
driving method thereof, which has high backlight utilization
and high color performance.

[0008] To achieve the above object, an object of the present
invention is to provide a liquid crystal display, which com-
prises a display panel, a backlight module, and a driving
module; wherein, the display panel comprises a filter sub-
strate, the filter substrate comprises multiple filter units, each
filter unit comprises a red filter, a blue filter, and a transparent
filter; wherein, the backlight module comprises a first back-
light and a green backlight, the first backlight is formed by
packaging a blue light emitting chip and a red phosphor.
[0009] Wherein, the display panel is provided with a red
sub-pixel, a blue sub-pixel, and a transparent sub-pixel
thereon corresponding to the red filter, the blue filter, and the
transparent filter.

[0010] Wherein, as in odd frames/even frames, the driving
module drives the first backlight to emit light and drives the
red sub-pixel, the blue sub-pixel, and the transparent sub-
pixel to display at the same time; as in even frames/odd
frames, the driving module drives the green backlight to dis-
play and drives the transparent sub-pixel to display at the
same time.

[0011] Wherein, the grayscale driving the red sub-pixel, the
blue sub-pixel, and the transparent sub-pixel is determined by
the image screen information.

[0012] Wherein, the frequency that the driving module
drives the backlight module and the display panel is 120 Hz.
[0013] Wherein, the red filter is made of ared resin, the blue
filter is made of a blue resin, and the transparent filter is made
of a transparent material.

[0014] Wherein, the green backlight is formed by packag-
ing green light-emitting chips.

[0015] The another object of the present invention is to
provide a driving method of liquid crystal display, which
drives the liquid crystal display as claimed in ¢laim 2, com-
prising: as in odd frames/even frames, driving the first back-
light to emit light and driving the red sub-pixel, the blue
sub-pixel, and the transparent sub-pixel to display at the same
time; as in even frames/odd frames, driving the green back-
light to display and driving the transparent sub-pixel to dis-
play at the same time.

[0016] Wherein, the grayscale driving the red sub-pixel, the
blue sub-pixel, and the transparent sub-pixel is determined by
the image screen information.

[0017] Wherein, the frequency driving the backlight and
the display panel is 120 Hz.

[0018] The liquid crystal display and the driving method
thereof according to the present invention can not only reduce
the consumption of the backlight by the transparent filter
provided on the filter substrate, improving the utilization of
the backlight; but also reduce the usage of green light emitting
chip through the first backlight formed by packaging a blue
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light emitting chip and a red phosphor. At the same time, the
liquid crystal display further has a higher color performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 11is a schematic view illustrating the structure
of a liquid crystal display according to the existing technol-
ogy;

[0020] FIG. 2is a schematic view illustrating the structure

of another liquid crystal display according to the existing
technology; and

[0021] FIG. 3 is a schematic view illustrating the structure
of a liquid crystal display according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] In order to further illustrate technical means and
effects thereof according to the present invention, the accom-
panying drawings and the following detailed descriptions are
the preferred embodiments of the present invention.

[0023] Referring to FIG. 3, it shows a liquid crystal display
according to an embodiment of the present invention, which
comprises a backlight module 40, a display panel 20, and a
driving module 50. Wherein, the display panel 20 comprises
a lower polarizing layer 21, an array substrate 23, a liquid
crystal layer 25, a filter substrate 26, and a upper polarizing
layer 22 provided in the direction away from the backlight
module 40.

[0024] The filter substrate 26 comprises multiple filter
units, and each filter unit comprises a red filter 261, a blue
filter 262, and a transparent filter 263. Of course, in the other
embodiments, the positions of the red filter 261, the blue filter
262, and the transparent filter 263 can changed randomly.
Wherein, the red filter 261 is made of ared resin, the blue filter
263 is made of a blue resin, and the transparent filter 262 is
made of a transparent material. In a preferred embodiment,
the red filter 261, the blue filter 262, and the transparent filter
263 have the similar width. The display panel 20 is provided
with a red sub-pixel, a blue sub-pixel, and a transparent sub-
pixel thereon respectively corresponding to the red filter 261,
the blue filter 263, and the transparent filter 262.

[0025] Thebacklight module 40 comprises a first backlight
41 and a green backlight 42. Wherein, the first backlight 41 is
formed by packaging a blue light emitting chip 411 and a red
phosphor. The green backlight 42 is formed by packaging
green light-emitting chips 421. The driving module 50 is used
to drive the backlight module 40 and the display panel 20. The
first backlight 41 and the green backlight 42 in the backlight
module 40 are respectively controlled by the driving module
50.

[0026] The liquid crystal display according to embodiment
is a rapid response device. In a preferred embodiment, the
frequency that the driving module 50 drives the backlight
module and the display panel is 120 Hz. As in odd frames/
even frames, the driving module 50 drives the first backlight
41 to emit light and drives the red sub-pixel, the blue sub-
pixel, and the transparent sub-pixel to display at the same
time; as in even frames/odd frames, the driving module 50
drives the green backlight 42 to display and drives the trans-
parent sub-pixel to display at the same time. Wherein, the
grayscale driving the red sub-pixel, the blue sub-pixel, and
the transparent sub-pixel is determined by the image screen
information.
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[0027] Based on the same inventive concept, the present
invention further provides a driving method of the above
liquid crystal display. The driving method divides one image
into two frames to display. The first frame drives the first
backlight 41 to emit light and drives the red sub-pixel, the
blue sub-pixel, and the transparent sub-pixel to display at the
same time; the second frame drives the green backlight 42 to
display and drives the transparent sub-pixel to display at the
same time. Of course, in the other embodiments, the display
of the first frame and the second frame can be reordered. In
this way, in the first frame, the red sub-pixel and the blue
sub-pixel respectively display red and blue, and the transpar-
ent sub-pixel displays magenta emitted from the first back-
light 41. Because of the display of the transparent sub-pixel,
it increases the luminous efficiency of the first backlight 41,
reduces the usage of green light emitting chip 411, and then
decreases the costs of the driving module 50. At the same
time, referring to Table 1, because the first backlight 41 is
formed by packaging a blue light emitting chip 411 and a red
phosphor, the transmittance of the first backlight 41 to the red
filter 261, the blue filter 262, and the transparent filter 263 is
higher than that of the white light source according to the
prior art when the first frame displays, which further
decreases the backlight costs. As in the second frame, the red
sub-pixel and the blue sub-pixel don’t emit light, and the
transparent sub-pixel emits filtered light. Because the trans-
mittance of the transparent sub-pixel is greater, it improves
the utilization of the green backlight 42. The driving method
is rapid response driving, the driving frequency thereof is
preferably 120 Hz, while the maximum frequency for the
human eye to distinguish things is 24 Hz, so what the human
see is the mixed images of the first frame and the second
frame. Furthermore, the grayscale driving the red sub-pixel,
the blue sub-pixel, and the transparent sub-pixel is deter-
mined by the image screen information. Therefore, the final
image to been see is the image to be displayed.

TABLE 1

The chroma analog meter of the first frame when the present
invention and the prior ait display the same image

Backlight Red Transparent Blue Total
module sub-pixel sub-pixel sub-pixel transmittance
R+G)+red 0.68% 4.75% 0.3% 5.72%
phosphor

B+red 2.17% 2.17% 0.47% 7.55%
phosphor

[0028] Insummary, the liquid crystal display and the driv-

ing method thereof according to the present invention can not
only reduce the consumption of the backlight by the transpar-
ent filter provided on the filter substrate, improving the utili-
zation of the backlight; but also reduce the usage of green
light emitting chip through the first backlight formed by pack-
aging a blue light emitting chip and a red phosphor. At the
same time, the liquid crystal display further has a higher color
performance.

[0029] It needs to notice that, in this article, the relational
terms such as first and second is only used to distinguish one
entity or operating another entity or an operation, it is not
necessary to require or imply that there exists any such rela-
tionship or sequence between the entity and operation.

Besides, the terms “comprise,” “include,” or any other varia-
tion are intended to cover a non-exclusive inclusion, thereby
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making that comprising a series of process, method, materials
or apparatus of element not only comprise those elements, but
also comprise other elements not expressly listed, or also
comprise such inherent elements of process, method, mate-
rials or apparatus. In the absence of more restrictive condi-
tions, limiting the elements by the statement “comprises a . .
. ”, it doesn’t exclude that it also exists other identical ele-
ments in comprising the process, method, materials or appa-
ratus of element.

[0030] The preferred embodiments of the present invention
have been described. It should be noted that, for those having
ordinary skills in the art, any deduction or modification
according to the present invention is considered encompassed
in the scope of protection defined by the clams of the present
invention.

What is claimed is:

1. A liquid crystal display, which comprises a display
panel, a backlight module, and a driving module; wherein, the
display panel comprises a filter substrate, the filter substrate
comprises multiple filter units, each filter unit comprises ared
filter, a blue filter, and a transparent filter; wherein, the back-
light module comprises a first backlight and a green back-
light, the first backlight is formed by packaging a blue light
emitting chip and a red phosphor.

2. The liquid crystal display as claimed in claim 1, wherein
the display panel is provided with a red sub-pixel, a blue
sub-pixel, and a transparent sub-pixel thereon corresponding
to the red filter, the blue filter, and the transparent filter.

3. The liquid crystal display as claimed in claim 2, wherein,
as in odd frames/even frames, the driving module drives the
first backlight to emit light and drives the red sub-pixel, the
blue sub-pixel, and the transparent sub-pixel to display at the
same time; as in even frames/odd frames, the driving module
drives the green backlight to display and drives the transpar-
ent sub-pixel to display at the same time.
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4. The liquid crystal display as claimed in claim 3, wherein
the grayscale driving the red sub-pixel, the blue sub-pixel,
and the transparent sub-pixel is determined by the image
screen information.

5. The liquid crystal display as claimed in claim 4, wherein
the frequency that the driving module drives the backlight
module and the display panel is 120 Hz.

6. The liquid crystal display as claimed in claim 3, wherein
the frequency that the driving module drives the backlight
module and the display panel is 120 Hz.

7. The liquid crystal display as claimed in claim 1, wherein
the red filter is made of a red resin, the blue filter is made of a
blue resin, and the transparent filter is made of a transparent
material.

8. The liquid crystal display as claimed in claim 1, wherein
the green backlight is formed by packaging green light-emit-
ting chips.

9. A driving method of liquid crystal display, which drives
the liquid crystal display as claimed in claim 2, comprising: as
in odd frames/even frames, driving the first backlight to emit
light and driving the red sub-pixel, the blue sub-pixel, and the
transparent sub-pixel to display at the same time; as in even
frames/odd frames, driving the green backlight to display and
driving the transparent sub-pixel to display at the same time.

10. The driving method of liquid crystal display as claimed
in claim 9, wherein the grayscale driving the red sub-pixel,
the blue sub-pixel, and the transparent sub-pixel is deter-
mined by the image screen information.

11. The driving method of liquid crystal display as claimed
in claim 10, wherein the frequency driving the backlight and
the display panel is 120 Hz.

12. The driving method of liquid crystal display as claimed
in claim 9, wherein the frequency driving the backlight and
the display panel is 120 Hz.

* ok % % ¥



THMBW(EF)

AR E (T AR AGE)

[¥R]% BB A
KA
IPCH 3=

CPCH %=

L5
S\EReERE

E)

AEXARB-—MRRKERE , SRETRER , EXERNEBERH

B, ETRERSERARFER. SRFERESFEZ I IRFLET, B
IRABRRETEEABIENEE  ERRNRNEHRNR. BRERTE
BE-—EXNEZEEX, BIHREGRATCHNIERAEERE—F
Ho REATRERM-PRIEBERB|OEI S E. RBETHFREEI S

REERERERR T E

US20150262535A1 K (2E)R
US14/360374 iR

RYIHHEEXBRERERLT.

FAN YONG

FAN, YONG

G09G3/34 G09G3/36 GO2F1/133 GO2F1/1335 G02F 1/1343

2015-09-17

2014-03-18

patsnap

G09G3/3413 GO2F1/133621 GO2F1/133514 G0O2F1/133603 G02F1/134309 G09G2320/0646 G09G3
/36 G02F2001/133624 G02F2001/134345 G09G2320/064 G02F1/13306 G02F1/133617 G09G2300

/0452

201400935790.7 2014-03-13 CN

Espacenet USPTO

Al

AU NET R EERRER EWERIRAZRRBDE S RAHE .

%, ETLUREERROAAR, METENHRESRXELNLE
BT RN E - BRRASGERRTHOEA. BN ARETE
EREBEEME.

-

1



https://share-analytics.zhihuiya.com/view/64b4c9f1-e9de-43a7-90b1-f241e169956c
https://worldwide.espacenet.com/patent/search/family/054069479/publication/US2015262535A1?q=US2015262535A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150262535%22.PGNR.&OS=DN/20150262535&RS=DN/20150262535

