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(57) ABSTRACT

A field sequential color (FSC) display device is provided. The
FSC display device includes a liquid crystal display (LCD)
panel and a backlight module. The LCD panel includes color
filters of a first color sub-pixel, a second color sub-pixel and
a third sub-pixel. A frame period is divided sequentially into
a first sub-frame period and a second sub-frame period. The
backlight module is for providing a backlight source to the
LCD panel. The backlight source includes a red backlight, a
blue backlight and a green backlight. The backlight module
provides two color backlights of the three color backlights in
a first backlighting period of the first sub-frame period, and

(51) Int.CL provides the third color backlight of the three color backlights
G09G 3/34 (2006.01) in a second backlighting period of the second sub-frame
G09G 3/36 (2006.01) period. Moreover, a color control method of a FSC display
GO2F 1/1335 (2006.01) device also is provided.
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FIELD SEQUENTIAL COLOR DISPLAY
DEVICE AND COLOR CONTROL METHOD
THEREOF

TECHNICAL FIELD

[0001] The present invention relates to the field of display
technology, and particularly to a field sequential color display
device and a color control method thereof

DESCRIPTION OF RELATED ART

[0002] With the development of electro-optical and semi-
conductor technologies, the development of flat panel display
devices is promoted. In various types of flat panel display
devices, the liquid crystal display device has becoming a
mainstream of market owing to its superior characteristics of
high space utilization efficiency, low power consumption,
radiation free and low electromagnetic interference, and so
on.

[0003] Theliquid crystal display device generally includes
a liquid crystal display panel and a backlight module. Since
the non-self-emissive characteristic of the liquid crystal dis-
play panel, it is necessary to dispose the backlight module
below the liquid crystal display panel to provide a surface
light source for the liquid crystal display panel, and the liquid
crystal display panel display an image on the assist of the
surface light source provided by the backlight module.
[0004] According to mixing manners of color display, tem-
poral mixing and spatial mixing (for example strip alignment
method or color concurrent method) categories are classified.
At present, the display devices usually use the spatial strip
alignment method. A thin film transistor liquid crystal display
(TFT-LCD) device is taken as an example, and each display
pixel is constituted by color filters of RGB three sub-pixels.
Generally speaking, when the size of each sub-pixel is much
smaller than the distinguishing range of human eye, a color
mixing effect can be achieved in human visual perception.
[0005] Ifthe spatial mixing of TFT-LCD device is replaced
by the temporal mixing, there is no need of the color filters to
constitute color mixing effect. By using backlight sources
with different colors in combination with corresponding data
display, the temporal color mixing effect can be achieved.
Moreover, the transmittance of device can be increased and
the device cost can be reduced.

[0006] FIG.1 is a driving circuit architecture diagram of a
field sequential color display device 110 in the prior art. As
illustrated in FIG. 1, a sequential color controller 120 is
configured to convert spatial parallel RGB video data from a
video source system terminal into temporal serial RGB video
data as output, i.e., the so-called sequential color method.
Subsequently, the sequential color controller 120 control the
backlight module 130 cooperative with different color image
data to generate corresponding light sources, and thereby
achieving the color image display on the display panel 140.
[0007] Moreover, in order to avoid undesired color mixing
when data is writing during a writing period of RGB data, the
backlight source is necessary to perform on-off operations in
collocation with the data writing, and a driving waveform is
illustrated in FIG. 2. FIG. 2 is a driving wave diagram of the
field sequential color display device in FIG. 1. Referring to
FIG. 2, the backlight source is turned off when the data is
writing, and the backlight source is turned on after the writing
of data is completed. As a result, the RGB temporal color
mixing can be achieved and undesired color mixing can be
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avoided. In addition, since the sequential color method
divides a color image into three primary colors R, G, B
images, if the three primary colors R, G, B images are sequen-
tially displayed in one frame of time, the image frequency
must be up to 180 Hz, and the liquid crystal response time
must be less than 5.56 ms so as to avoid the occurrence of
undesired color mixing.

[0008] However, because of human eye’s instinct of ran-
dom saccades or pursuit of moving object in picture, differ-
ently-colored color fields of object would not fall at a same
point of retina. Therefore, when using the field sequential
color display device, the human eye in the visual system will
feel the edges of object appear the color break-up (CBU)
phenomenon. The occurrence of CBU phenomenon is that: a
color image contains three color fields, corresponding pixels
are projected on different positions of retina and perceived in
human-visual system, and the viewer would watch a color
break-up image. In addition, besides deteriorating the image
quality, according to some reports, after a long time watching,
the CBU phenomenon would cause dizziness feeling.

[0009] Inorderto improve the CBU phenomenon, in recent
years, a field sequential color display device with a display
pixel constituted by color filters of two color sub-pixels (e.g.,
red-green sub-pixels, red-blue sub-pixels, or green-blue sub-
pixels) and one transparent sub-pixel has been proposed. As
to the field sequential color display device with adisplay pixel
constituted by color filters of red (B), blue (B) and transparent
(T) sub-pixels, an architecture thereof is illustrated in FIG. 3.
FIG. 3 is a schematic structural view of another field sequen-
tial color display device in the prior art.

[0010] Referringto FIG. 3, in a first sub-frame period, light
valves for controlling liquid crystal molecule in liquid crystal
regions 330 corresponding to the color filters of the R, B, T
sub-pixels all are turned on. In a first backlighting period of
the first sub-frame period, the backlight module 310 provides
blue and red backlights, the color filter of the transparent
sub-pixel ideally allows magenta light synthesized by blue
light and red light to pass through, the color filter of the red
sub-pixel ideally allows the red light in the backlights to pass
through, the color filter of the blue sub-pixel ideally allows
the blue light in the backlights to pass through, and thereby
the liquid crystal display panel 320 can display a M, R, B
three-color image.

[0011] In a second sub-frame period, the light valves for
controlling liquid crystal molecule in the liquid crystal
regions 330 corresponding to the color filters of red and blue
sub-pixels are turned off, while the light value for controlling
liquid crystal molecules in the liquid crystal region 330 cor-
responding to the color filter of the transparent sub-pixel is
turned on. In a second backlighting period of the second
sub-frame period, the backlight module 310 provides a green
backlight, the color filter of the transparent sub-pixel ideally
allows the green backlight to pass through, the color filters of
the red and blue sub-pixels are opaque to the green backlight,
and thereby the liquid crystal display panel 320 can display a
green (G) image.

[0012] Therefore, in a frame period (i.e., the first sub-frame
period and the second sub-frame period), the liquid crystal
display panel 320 sequentially displays a three-color M, G, B
image and a green image, and thereby displays a complete
image. However, in the second sub-frame period, the color
filters of the red and blue sub-pixels are opaque, resulting in
the light transmittance of the liquid crystal display panel 320
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in the second sub-frame period is low and going against the
reduction of power consumption of the backlight module 310.

SUMMARY

[0013] In order to solve the problem in the prior art, an
objective of the present invention is to provide a field sequen-
tial color display device. The field sequential color display
device includes a liquid crystal display panel and a backlight
module. The liquid crystal display panel includes a color filter
of a first color sub-pixel, a color filter of a second color
sub-pixel and a color filter of a third sub-pixel. A frame period
of the liquid crystal display panel is divided sequentially into
a first sub-frame period and a second sub-frame period. The
backlight module is configured (i.e., structured and arranged)
for providing a backlight source to the liquid crystal display
panel. The backlight source includes a red backlight, a blue
backlight and a green backlight. In a first backlighting period
of the first sub-frame period, the backlight module provides
two color backlights of the three color backlights and thereby
the color filter of the first color sub-pixel allows one color
backlight of the two color backlights to pass through, the
color filter of the second color sub-pixel allows the other one
color backlight of the two color backlights to pass through,
and the color filter of the third sub-pixel allows the two color
backlights to pass through. In a second backlighting period of
the second sub-frame period, the backlight module provides
the third color backlight of the three color backlights and
thereby the color filter of the first color sub-pixel, the color
filter of the second color sub-pixel and the color filter of the
third sub-pixel all allow the third color backlight of the three
color backlights to pass through.

[0014] In an exemplary embodiment, the field sequential
color display device further includes a sequential color con-
troller. The sequential color controller is configured for sup-
plying two color image data corresponding to the two color
backlights of the three color backlights to the liquid crystal
display panel in the first sub-frame period, and configured for
supplying color image data corresponding to the third color
backlight of the three color backlights to the liquid crystal
display panel in the second sub-frame period.

[0015] In an exemplary embodiment, the sequential color
controller is further configured for supplying PWM (pulse
width modulation) control signals to the backlight module,
respectively for controlling backlight enabling periods of the
three color backlights provided by the backlight module. In
the first backlighting period of the first sub-frame period, the
PWM control signals for controlling the two color backlights
of the three color backlights are enabled, while the PWM
control signal for controlling the third color backlight of the
three color backlights is disabled. In the second backlighting
period of the second sub-frame period, the PWM control
signals for controlling the two color backlights of the three
color backlights are disabled, while the PWM control signal
for controlling the third color backlight of the three color
backlights is enabled.

[0016] Inan exemplary embodiment, the color filter of the
first color sub-pixel is a color filter of a yellow sub-pixel, the
color filter of the second color sub-pixel is a color filter of a
cyan sub-pixel, and the color filter of the third sub-pixel is a
color filter of a transparent sub-pixel. In the first backlighting
period of the first sub-frame period, the backlight module
provides the blue backlight and the red backlight of the three
color backlights and thereby the color filter of the first color
sub-pixel allows the red backlight to pass through, the color
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filter of the second color sub-pixel allows the blue backlight
to pass through, and the color filter of the third sub-pixel
allows the red backlight and the blue backlight to pass
through. In the second backlighting period of the second
sub-frame period, the backlight module provides the green
backlights of the three color backlights and thereby the color
filter of the first color sub-pixel, the color filter of the second
color sub-pixel and the color filter of the third sub-pixel all
allow the green backlight to pass through.

[0017] In an exemplary embodiment, the color filter of the
first color sub-pixel is a color filter of a magenta sub-pixel, the
color filter of the second color sub-pixel is a color filter of a
yellow sub-pixel, and the color filter of the third sub-pixel is
acolor filter of a transparent sub-pixel. In the first backlight-
ing period of the first sub-frame period, the backlight module
provides the blue backlight and the green backlight of the
three color backlights and thereby the color filter of the first
color sub-pixel allows the blue backlight to pass through, the
color filter of the second color sub-pixel allows the green
backlight to pass through, and the color filter of the third
sub-pixel allows the green backlight and the blue backlight to
pass through. In the second backlighting period of the second
sub-frame period, the backlight module provides the red
backlights of the three color backlights and thereby the color
filter of the first color sub-pixel, the color filter of the second
color sub-pixel and the color filter of the third sub-pixel all
allow the red backlight to pass through.

[0018] In anexemplary embodiment, the color filter of the
first color sub-pixel is a color filter of a magenta sub-pixel, the
color filter of the second color sub-pixel is a color filter of a
cyan sub-pixel, and the color filter of the third sub-pixel is a
color filter of a transparent sub-pixel. In the first backlighting
period of the first sub-frame period, the backlight module
provides the red backlight and the green backlight ofthe three
color backlights and thereby the color filter of the first color
sub-pixel allows the red backlight to pass through, the color
filter of the second color sub-pixel allows the green backlight
to pass through, and the color filter of the third sub-pixel
allows the green backlight and the red backlight to pass
through. In the second backlighting period of the second
sub-frame period, the backlight module provides the blue
backlights of the three color backlights and thereby the color
filter of the first color sub-pixel, the color filter of the second
color sub-pixel and the color filter of the third sub-pixel all
allow the blue backlight to pass through.

[0019] Another objective of the present invention is to pro-
vide a color control method of a field sequential color display
device. The field sequential color display device includes a
liquid crystal display panel and a backlight module. The
liquid crystal display panel includes a color filter of a first
color sub-pixel, a color filter of a second color sub-pixel and
a color filter of a third sub-pixel. The backlight module is
configured for providing a backlight source to the liquid
crystal display panel. The backlight source includes a red
backlight, a blue backlight and a green backlight. In particu-
lar, the color control method includes: dividing a frame period
of the liquid crystal display panel sequentially into a first
sub-frame period and a second sub-frame period; in a first
backlighting period of the first sub-frame period, providing
two color backlights of the three color backlights and thereby
the color filter of the first color sub-pixel allowing one color
backlight of the two color backlights to pass through, the
color filter of the second color sub-pixel allowing the other
one color backlight of the two color backlights to pass
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through, and the color filter of the third sub-pixel allowing the
two color backlights to pass through; and in a second back-
lighting period of the second sub-frame period, providing the
third color backlight ofthe three color backlights and thereby
the color filter of the first color sub-pixel, the color filter of the
second color sub-pixel and the color filter of the third sub-
pixel all allow the third color backlight of the three color
backlights to pass through.

[0020] In an exemplary embodiment, before the step of
providing the two color backlights of the three color back-
lights in a first backlighting period of the first sub-frame
period, the color control method further includes supplying
two color image data corresponding to the two color back-
lights to the liquid crystal display panel in the first sub-frame
period; and before the step of providing the third color back-
light of the three color backlights in a second backlighting
period of the second sub-frame period, the color control
method further includes supplying color image data corre-
sponding to the third color backlight of the three color back-
lights to the liquid crystal display panel in the second sub-
frame period.

[0021] In an exemplary embodiment, the step of providing
the two color backlights of the three color backlights in a first
backlighting period of the first sub-frame period includes
that: in the first backlighting period of the first sub-frame
period, enabling the PWM control signals for controlling the
two color backlights of the three color backlights, while dis-
abling the PWM control signal for controlling the third color
backlight of the three color backlights. The step of providing
the third color backlight of the three color backlights in a
second backlighting period of the second sub-frame period
includes that: in the second backlighting period of the second
sub-frame period, disabling the PWM control signals for
controlling the two color backlights of the three color back-
lights, while enabling the PWM control signal for controlling
the third color backlight of the three color backlights.

[0022] In an exemplary embodiment, the color filter of the
first color sub-pixel is a color filter of a yellow sub-pixel, the
color filter of the second color sub-pixel is a color filter of a
cyan sub-pixel, and the color filter of the third sub-pixel is a
color filter of a transparent sub-pixel. Or, the color filter of the
first color sub-pixel is a color filter of a magenta sub-pixel, the
color filter of the second color sub-pixel is a color filter of a
yellow sub-pixel, and the color filter of the third sub-pixel is
acolor filter of a transparent sub-pixel. Even or, the color filter
of the first color sub-pixel is a color filter of a magenta
sub-pixel, the color filter of the second color sub-pixel is a
color filter of a cyan sub-pixel, and the color filter of the third
sub-pixel is a color filter of a transparent sub-pixel.

[0023] The field sequential color display device and the
color control method thereof according to various exemplary
embodiments of the present invention, besides improve the
color break-up phenomenon, by turning on all the light valves
for controlling liquid crystal molecules in sub-pixel regions
respectively corresponding to the color filter of the first color
sub-pixel, the color filer of the second color sub-pixel and the
color filter of the third sub-pixel in the second sub-frame
period, solve the low transmittance problem of the liquid
crystal display panel in the second sub-frame period and also
facilitates to reduce the power consumption of backlight
module.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above embodiments will become more readily
apparent to those ordinarily skilled in the art after reviewing
the following detailed description and accompanying draw-
ings.

[0025] FIG. 1 is a driving circuit architecture diagram of a
field sequential color display device in the prior art.

[0026] FIG.2isadriving wave diagram of the field sequen-
tial color display device in FI1G. 1.

[0027] FIG. 31is a schematic structural view of another field
sequential color display device in the prior art.

[0028] FIG. 4 is a driving circuit architecture diagram of a
field sequential color display device according to a first exem-
plary embodiment of the present invention.

[0029] FIG. 5is aschematic cross-sectional view of aliquid
crystal display panel according to the first exemplary embodi-
ment of the present invention.

[0030] FIG. 6is a driving wave diagram of the field sequen-
tial color display device according to the first exemplary
embodiment of the present invention.

[0031] FIG. 7 is a schematic partial cross-sectional view of
aliquid crystal display panel according to a second exemplary
embodiment of the present invention.

[0032] FIG. 8is adriving wavediagram of a field sequential
color display device according to the second exemplary
embodiment of the present invention.

[0033] FIG. 9 is a schematic partial cross-sectional view of
a liquid crystal display panel according to a third exemplary
embodiment of the present invention.

[0034] FIG. 10 is a driving wave diagram of a field sequen-
tial color display device according to the third exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] The present invention will now be described more
specifically with reference to the following embodiments and
accompanying drawings. It is to be noted that the following
descriptions of embodiments are presented herein for purpose
of illustration and description only. It is not intended to be
exhaustive or to be limited to the precise form disclosed.
[0036] Inthedrawings, the same reference numerals will be
used to refer to the same elements. It will be understood that,
although the terms first, second, etc. may be used herein to
describe various elements, these elements should not be lim-
ited by these terms. These terms are only used to distinguish
one element from another element.

[0037] FIG. 4 is a driving circuit architecture diagram of a
field sequential color display device according to a first exem-
plary embodiment of the present invention. FIG. 5 is a sche-
matic cross-sectional view of a liquid crystal display panel
according to the first exemplary embodiment. FIG. 6 is a
driving wave diagram of the field sequential color display
device according to the first exemplary embodiment.

[0038] Referring to FIGS. 4 through 6, a field sequential
color display device according to a first exemplary embodi-
ment of the present invention includes a liquid crystal display
panel 410, a backlight module 420, and a sequential color
controller 430.

[0039] The liquid crystal display panel 410 includes a thin
film transistor (TFT) array substrate 411, a color filter sub-
strate 412, and a liquid crystal layer 413 sandwiched between
the two substrates 411, 412.
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[0040] The TFT array substrate 411 includes a glass sub-
strate 4111, thin film transistors 4112 formed on the glass
substrate 4111 and arranged in an array, and a first polarizer
4113 arranged below the glass substrate 4111. The color
substrate 412 is oppositely disposed with the TFT array sub-
strate 411 and includes a transparent substrate 4121, a color
filter 4122 of a first color sub-pixel, a color filter 4123 of a
second color sub-pixel and a color filter 4124 of a transparent
(T) sub-pixel arranged between the transparent substrate
4121 and the liquid crystal layer 413, and a second polarizer
4125 formed on the transparent substrate 4121. The color
filter 4122 of the first color sub-pixel, the color filter 4123 of
the second color sub-pixel and the color filter 4124 of the
transparent sub-pixel together constitute a display pixel. In
the exemplary embodiment, the color filters are made of filmy
plastic plate or glass plate.

[0041] The liquid crystal layer 413 includes multiple par-
titioned sub-pixel regions 4131. Each of the sub-pixel regions
4131 is filled with liquid crystal molecules. The color filter
4122 of the first color sub-pixel, the color filter 4123 of the
second color sub-pixel and the color filter 4124 of the trans-
parent sub-pixel each are corresponding to one of the sub-
pixel regions 4131.

[0042] A frame period T of the liquid crystal display panel
410 is divided sequentially into a first sub-frame period T1
and a second sub-frame period T2. On the timeline, the con-
ventional frame rate is 60 frames per second, i.e., the liquid
crystal display panel 410 displays a complete color image
abouteach 16.67 milliseconds. Accordingly, the field sequen-
tial color display device according to the exemplary embodi-
ment of the present invention needs to increase the frame rate
up to for example 120 frames per second, i.e., each sub-frame
is displayed with (¥120=8.33) milliseconds, and two sub-
frames are needed to constitute a complete color image.
[0043] Intheexemplary embodiment, the backlight module
420 provides a backlight source for the liquid crystal display
panel 410. The backlight source includes a red (R) backlight,
a blue (B) backlight and a green (G) backlight. and corre-
spondingly the backlight module 420 may include a red light
source, a blue light source and a green light source. In the first
sub-frame period T1 and the second sub-frame period T2,
light valves for controlling liquid crystal molecules in the
sub-pixel regions 4131 respectively corresponding to the
color filter 4122 of the first color sub-pixel, the color filter
4123 of the second color sub-pixel and the color filter 4124 of
the transparent sub-pixel all are turned on by the sequential
color controller 430, and red image data, blue image data and
green image data are sequentially written into the liquid crys-
tal display panel 410 in the first sub-frame period T1 and the
second sub-frame T2. Meanwhile, the sequential color con-
troller 430 controls the backlight module 420 to provide
corresponding color backlights for the liquid crystal display
panel 410 in the first sub-frame period T1 and the second
sub-frame period T2, and thereby facilitating the liquid crys-
tal display panel 410 to display.

[0044] In the exemplary embodiment, the color filter 4122
of the first color sub-pixel is a color filter of a yellow (Y)
sub-pixel, and the color filter 4123 of the second color sub-
pixel is a color filter of a cyan (C) sub-pixel.

[0045] Therefore, the backlight module 420 provides a
magenta (M) backlight in a first backlighting period L1 of the
first sub-frame period T1, the color filter 4124 of the trans-
parent sub-pixel ideally allows the magenta light synthesized
by blue light and red light to pass through, the color filter 4122
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of the first color sub-pixel ideally allows red light in the
backlight to pass through, the color filter 4123 of the second
color sub-pixel ideally allows the blue light in the backlight to
pass through, and thereby the liquid crystal display panel 410
can display red image data and blue image data. In a second
backlighting period L2 of the second sub-frame period T2,
the backlight module 420 provides a green (B) backlight, the
color filter 4124 of the transparent sub-pixel, the color filter
4122 of'the first color sub-pixel and the color filter 4123 of the
second color sub-pixel ideally all allow the green light to pass
through, and thereby the liquid crystal display panel 410
displays green image data.

[0046] Backlight enabling periods of red (R) backlight,
blue (B) backlight and green (G) backlight provided by the
backlight module 420 can be controlled by duty cycles of
corresponding PWM control signals provided by the sequen-
tial color controller 430. The magenta (M) backlight can be
constituted by red and blue backlights. Correspondingly, in
the first backlighting period L1, the PWM control signal for
controlling the green backlight 1s disabled while the PWM
control signals for controlling the red and blue backlights are
enabled; and in the second backlighting period [.2, the PWM
control signals for controlling the red and blue backlights are
disabled while the PWM control signal for controlling the
green backlight is enabled.

[0047] In summary, the field sequential color display
device according to the first exemplary embodiment of the
present invention, besides improves the color break-up phe-
nomenon, by turning on all the light valves for controlling
liquid crystal molecules in the sub-pixel regions 4131 respec-
tively corresponding to the color filter 4122 of the first color
sub-pixel, the color filer 4123 of the second color sub-pixel
and the color filter of the transparent sub-pixel in the second
sub-frame period T2, solves the low transmittance problem of
the liquid crystal display panel in the second sub-frame
period and also facilitates to reduce the power consumption of
backlight module.

[0048] FIG. 7 is a schematic partial cross-sectional view of
aliquid crystal display panel according to a second exemplary
embodiment of the present invention. FIG. 8 is a driving wave
diagram ofafield sequential color display device according to
the second exemplary embodiment.

[0049] Herein, only differences between the second exem-
plary embodiment and the first exemplary embodiment will
be described, and what are the same as that of the first exem-
plary embodiment will not be described. Referring to FIGS. 7
and 8, the differences from the first exemplary embodiment
are that: in the second exemplary embodiment, the color filter
4122 of the first color sub-pixel is a color filter of a magenta
(M) sub-pixel, and the color filter 4123 of the second color
sub-pixel is a color filter of a yellow (Y) sub-pixel.

[0050] Accordingly, the backlight module 420 will provide
acyan (C) backlight in the first backlighting period L1 of the
first sub-frame period T1, the color filter 4124 of the trans-
parent sub-pixel ideally allows the cyan (C) light synthesized
by blue light and green light to pass through, the color filter
4122 of the first color sub-pixel ideally allows the blue light in
the backlight to pass through, the color filter 4123 of the
second color sub-pixel ideally allows the green light in the
backlight to pass through, and thereby the liquid crystal dis-
play panel 410 displays green image data and blue image
data. In the second backlighting period L2 of the second
sub-frame period T2, the backlight module 420 provides ared
(R) backlight, the color filter 4124 of the transparent sub-
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pixel, the color filter 4122 of the first color sub-pixel and the
color filter 4123 ofthe second color sub-pixel ideally all allow
the red light to pass through, and thereby the liquid crystal
display panel 410 displays red image data.

[0051] Backlight enabling periods of red (R) backlight,
blue (B) backlight and green (G) backlight provided by the
backlight module 420 can be controlled by duty cycles of
corresponding PWM control signals provided by the sequen-
tial color controller 430. The cyan (C) backlight can be con-
stituted by green and blue backlights. Correspondingly, in the
first backlighting period L1, the PWM control signal for
controlling the red backlight is disabled while the PWM
control signals for controlling the green and blue backlights
are enabled; and in the second backlighting period 1.2, the
PWM control signals for controlling the green and blue back-
lights are disabled while the PWM control signal for control-
ling the red backlight is enabled.

[0052] FIG.9 is a schematic partial cross-sectional view of
a liquid crystal display panel according to a third exemplary
embodiment of the present invention. FIG. 10 is a driving
wave diagram of a field sequential color display device
according to the third exemplary embodiment.

[0053] Herein, only differences between the third exem-
plary embodiment and the above (i.e., the first and second)
exemplary embodiments will be described, and what are the
same as that of the above exemplary embodiments will not be
described. Referring to FIGS. 9 and 10, the differences from
the above exemplary embodiment are that: in the third exem-
plary embodiment, the color filter 4122 of the first color
sub-pixel is a color filter of a magenta (M) sub-pixel, and the
color filter 4123 of the second color sub-pixel is a color filter
of a cyan (C) sub-pixel.

[0054] Accordingly, the backlight module 420 will provide
a yellow (Y) backlight in the first backlighting period L1 of
the first sub-frame period T1, the color filter 4124 of the
transparent sub-pixel ideally allows the yellow (Y) light syn-
thesized by red light and green light to pass through, the color
filter 4122 of the first color sub-pixel ideally allows the red
light in the backlight to pass through, the color filter 4123 of
the second color sub-pixel ideally allows the greenlightin the
backlight to pass through, and thereby the liquid crystal dis-
play panel 410 displays green image data and red image data.
In the second backlighting period L2 of the second sub-frame
period T2, the backlight module 420 provides a blue (B)
backlight, the color filter 4124 of the transparent sub-pixel,
the color filter 4122 of the first color sub-pixel and the color
filter 4123 of the second color sub-pixel ideally all allow the
blue light to pass through, and thereby the liquid crystal
display panel 410 displays blue image data.

[0055] Backlight enabling periods of red (R) backlight,
blue (B) backlight and green (G) backlight provided by the
backlight module 420 can be controlled by duty cycles of
corresponding PWM control signals provided by the sequen-
tial color controller 430. The yellow (Y) backlight can be
constituted by green and red backlights. Correspondingly, in
the first backlighting period L1, the PWM control signal for
controlling the blue backlight is disabled while the PWM
control signals for controlling the green and red backlights
are enabled; and in the second backlighting period 1.2, the
PWM control signals for controlling the green and red back-
lights are disabled while the PWM control signal for control-
ling the blue backlight is enabled.

[0056] While the invention has been described in terms of
what is presently considered to be the most practical and

Sep. 22,2016

preferred embodiments, it is to be understood that the inven-
tion needs not be limited to the disclosed embodiment. On the
contrary, it is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims which are to be accorded with the broad-
est interpretation so as to encompass all such modifications
and similar structures.

What is claimed is:

1. A field sequential color display device comprising:

a liquid crystal display panel, comprising a color filter of a
first color sub-pixel, a color filter of a second color
sub-pixel and a color filter of a third sub-pixel, wherein
a frame period is divided sequentially into a first sub-
frame period and a second sub-frame period; and

a backlight module, configured for providing a backlight
source to the liquid crystal display panel, wherein the
backlight source comprises a red backlight, a blue back-
light and a green backlight;

wherein in a first backlighting period of the first sub-frame
period, the backlight module provides two color back-
lights of the three color backlights, and thereby the color
filter of the first color sub-pixel allows one color back-
light of the two color backlights to pass through, the
color filer of the second color sub-pixel allows the other
one color backlight of the two color backlights to pass
through, and the color filter of the third sub-pixel allows
the two color backlights to pass through;

wherein in a second backlighting period of the second
sub-frame period, the backlight module provides the
third color backlight of the three color backlights, and
thereby the color filter of the first color sub-pixel, the
color filer of the second color sub-pixel and the color
filter of the third sub-pixel all allows the third color
backlight of the three color backlights to pass through.

2. The field sequential color display device as claimed in
claim 1, further comprising;

a sequential color controller, configured for supplying two
color image data corresponding to the two color back-
lights of the three color backlights to the liquid crystal
display panel in the first sub-frame period, and supply-
ing color image data corresponding to the third color
backlight of the three color backlights to the liquid crys-
tal display panel in the second sub-frame period.

3. The field sequential color display device as claimed in
claim 2, wherein the sequential color controller is configured
for supplying the backlight module with PWM control sig-
nals for respectively controlling backlight enabling periods of
the three color backlights provided by the backlight module;

in the first backlighting period of the first sub-frame period,
the PWM signals for controlling the two color backlight
of the three color backlights are enabled, while the PWM
signal for controlling the third color backlight of the
three color backlights is disabled; and

in the second backlighting period of the second sub-frame
period, the PWM signals for controlling the two color
backlights of the three color backlights are disabled,
while the PWM signal for controlling the third color
backlight of the three color backlights is enabled.

4. The field sequential color display device as clamed in
claim 1, wherein the color filter of the first color sub-pixel is
a color filter of a yellow sub-pixel, the color filter of the
second color sub-pixel is a color filter ofa cyan sub-pixel, and
the color filter of the third sub-pixel is a color filter of a
transparent sub-pixel;
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in the first backlighting period ofthe first sub-frame period,
the backlight module provides the blue backlight and the
red backlight of the three color backlights, and thereby
the color filter of the first color sub-pixel allows the red
backlight to pass through, the color filter of the second
color sub-pixel allows the blue backlight to pass
through, and the color filter of the third sub-pixel allows
the red backlight and the blue backlight to pass through;
and

in the second backlighting period of the second sub-frame
period, the backlight module provides the green back-
light of the three color backlights, and thereby the color
filter of the first color sub-pixel, the color filter of the
second color sub-pixel and the color filter of the third
sub-pixel all allow the green backlight to pass through.

5. The field sequential color display device as claimed in
claim 2, wherein the color filter of the first color sub-pixel is
a color filter of a yellow sub-pixel, the color filter of the
second color sub-pixel is a color filter of'a cyan sub-pixel, and
the color filter of the third sub-pixel is a color filter of a
transparent sub-pixel;

in the first backlighting period ofthe first sub-frame period,
the backlight module provides the blue backlight and the
red backlight of the three color backlights, and thereby
the color filter of the first color sub-pixel allows the red
backlight to pass through, the color filter of the second
color sub-pixel allows the blue backlight to pass
through, and the color filter of the third sub-pixel allows
the red backlight and the blue backlight to pass through;
and

in the second backlighting period of the second sub-frame
period, the backlight module provides the green back-
light of the three color backlights, and thereby the color
filter of the first color sub-pixel, the color filter of the
second color sub-pixel and the color filter of the third
sub-pixel all allow the green backlight to pass through.

6. The field sequential color display device as claimed in
claim 3, wherein the color filter of the first color sub-pixel is
a color filter of a yellow sub-pixel, the color filter of the
second color sub-pixel is a color filter of a cyan sub-pixel, and
the color filter of the third sub-pixel is a color filter of a
transparent sub-pixel;

in the first backlighting period ofthe first sub-frame period,
the backlight module provides the blue backlight and the
red backlight of the three color backlights, and thereby
the color filter of the first color sub-pixel allows the red
backlight to pass through, the color filter of the second
color sub-pixel allows the blue backlight to pass
through, and the color filter of the third sub-pixel allows
the red backlight and the blue backlight to pass through;
and

in the second backlighting period of the second sub-frame
period, the backlight module provides the green back-
light of the three color backlights, and thereby the color
filter of the first color sub-pixel, the color filter of the
second color sub-pixel and the color filter of the third
sub-pixel all allow the green backlight to pass through.

7. The field sequential color display device as claimed in
claim 1, wherein the color filter of the first color sub-pixel is
a color filter of a magenta sub-pixel, the color filter of the
second color sub-pixel is a color filter of a yellow sub-pixel,
and the color filter of the third sub-pixel is a color filter of a
transparent sub-pixel;
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inthe first backlighting period of the first sub-frame period,
the backlight module provides the blue backlight and the
green backlight of the three color backlights, and
thereby the color filter of the first color sub-pixel allows
the blue backlight to pass through, the color filter of the
second color sub-pixel allows the green backlight to pass
through, and the color filter of the third sub-pixel allows
the green backlight and the blue backlight to pass
through; and

in the second backlighting period of the second sub-frame
period, the backlight module provides the red backlight
of the three color backlights, and thereby the color filter
of the first color sub-pixel, the color filter of the second
color sub-pixel and the color filter of the third sub-pixel
all allow the red backlight to pass through.

8. The field sequential color display device as claimed in
claim 2, wherein the color filter of the first color sub-pixel is
a color filter of a magenta sub-pixel, the color filter of the
second color sub-pixel is a color filter of a yellow sub-pixel,
and the color filter of the third sub-pixel is a color filter of a
transparent sub-pixel;

in the first backlighting period of the first sub-frame period,
the backlight module provides the blue backlight and the
green backlight of the three color backlights, and
thereby the color filter of the first color sub-pixel allows
the blue backlight to pass through, the color filter of the
second color sub-pixel allows the green backlight to pass
through, and the color filter of the third sub-pixel allows
the green backlight and the blue backlight to pass
through; and

in the second backlighting period of the second sub-frame
period, the backlight module provides the red backlight
of the three color backlights, and thereby the color filter
of the first color sub-pixel, the color filter of the second
color sub-pixel and the color filter of the third sub-pixel
all allow the red backlight to pass through.

9. The field sequential color display device as claimed in
claim 3, wherein the color filter of the first color sub-pixel is
a color filter of a magenta sub-pixel, the color filter of the
second color sub-pixel is a color filter of a yellow sub-pixel,
and the color filter of the third sub-pixel is a color filter of a
transparent sub-pixel;

in the first backlighting period of the first sub-frame period,
the backlight module provides the blue backlight and the
green backlight of the three color backlights, and
thereby the color filter of the first color sub-pixel allows
the blue backlight to pass through, the color filter of the
second color sub-pixel allows the green backlight to pass
through, and the color filter of the third sub-pixel allows
the green backlight and the blue backlight to pass
through; and

in the second backlighting period of the second sub-frame
period, the backlight module provides the red backlight
of the three color backlights, and thereby the color filter
of the first color sub-pixel, the color filter of the second
color sub-pixel and the color filter of the third sub-pixel
all allow the red backlight to pass through.

10. The field sequential color display device as claimed in
claim 1, wherein the color filter of the first color sub-pixel is
a color filter of a magenta sub-pixel, the color filter of the
second color sub-pixel is a color filter ofa cyan sub-pixel, and
the color filter of the third sub-pixel is a color filter of a
transparent sub-pixel;
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in the first backlighting period ofthe first sub-frame period,
the backlight module provides the red backlight and the
green backlight of the three color backlights, and
thereby the color filter of the first color sub-pixel allows
the red backlight to pass through, the color filter of the
second color sub-pixel allows the green backlight to pass
through, and the color filter of the third sub-pixel allows
the green backlight and the red backlight to pass
through; and

in the second backlighting period of the second sub-frame

period, the backlight module provides the blue backlight
of the three color backlights, and thereby the color filter
of the first color sub-pixel, the color filter of the second
color sub-pixel and the color filter of the third sub-pixel
all allow the blue backlight to pass through.

11. The field sequential color display device as claimed in
claim 2, wherein the color filter of the first color sub-pixel is
a color filter of a magenta sub-pixel, the color filter of the
second color sub-pixel is a color filter of a cyan sub-pixel, and
the color filter of the third sub-pixel is a color filter of a
transparent sub-pixel;

in the first backlighting period ofthe first sub-frame period,

the backlight module provides the red backlight and the
green backlight of the three color backlights, and
thereby the color filter of the first color sub-pixel allows
the red backlight to pass through, the color filter of the
second color sub-pixel allows the green backlight to pass
through, and the color filter of the third sub-pixel allows
the green backlight and the red backlight to pass
through; and

in the second backlighting period of the second sub-frame

period, the backlight module provides the blue backlight
of the three color backlights, and thereby the color filter
of the first color sub-pixel, the color filter of the second
color sub-pixel and the color filter of the third sub-pixel
all allow the blue backlight to pass through.

12. The field sequential color display device as claimed in
claim 3, wherein the color filter of the first color sub-pixel is
a color filter of a magenta sub-pixel, the color filter of the
second color sub-pixel is a color filter of'a cyan sub-pixel, and
the color filter of the third sub-pixel is a color filter of a
transparent sub-pixel;

in the first backlighting period ofthe first sub-frame period,

the backlight module provides the red backlight and the
green backlight of the three color backlights, and
thereby the color filter of the first color sub-pixel allows
the red backlight to pass through, the color filter of the
second color sub-pixel allows the green backlight to pass
through, and the color filter of the third sub-pixel allows
the green backlight and the red backlight to pass
through; and

in the second backlighting period of the second sub-frame

period, the backlight module provides the blue backlight
of the three color backlights, and thereby the color filter
of the first color sub-pixel, the color filter of the second
color sub-pixel and the color filter of the third sub-pixel
all allow the blue backlight to pass through.

13. A color control method of a field sequential color
display device, wherein the field sequential color display
device comprises a liquid crystal display panel and a back-
light module, the liquid crystal display panel comprises a
color filter of a first color sub-pixel, a color filter of a second
color sub-pixel, and a color filter of a third sub-pixel, the
backlight module is configured for providing a backlight
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source to the liquid crystal display panel, the backlight source
comprises a red backlight, a blue backlight and a green back-
light; the color control method comprising:

dividing a frame period of the liquid crystal display panel

sequentially into a first sub-frame period and a second
sub-frame period;

in a first backlighting period of the first sub-frame period,

providing two color backlights of the three color back-
lights and thereby the color filter of the first color sub-
pixel allowing one color backlight of the two color back-
lights to pass through, the color filter of the second color
sub-pixel allowing the other one color backlight of the
two color backlights to pass through, and the color filter
of the third sub-pixel allowing the two color backlights
to pass through; and

in a second backlighting period of the second sub-frame

period, providing the third color backlight of the three
color backlights and thereby the color filter of the first
color sub-pixel, the color filter of the second color sub-
pixel and the color filter of the third sub-pixel all allow-
ing the third color backlight of the three color backlights
to pass through.

14. The color control method as claimed in claim 13,
wherein before the step of providing two color backlights of
the three color backlights in a first backlighting period of the
first sub-frame period, the color control method further com-
prises:

in the first sub-frame period, supplying two color image

data corresponding to the two color backlights to the
liquid crystal display panel; and

before the step of providing the third color backlight of the

three color backlights in a second backlighting period of

the second sub-frame period, the color control method

further comprises:

in the second sub-frame period, supplying color image
data corresponding to the third color backlight of the
three color backlights to the liquid crystal display
panel.

15. The color control method as claimed in claim 13,
wherein

the step of providing two color backlights of the three color

backlights in a first backlighting period of the first sub-

frame period comprises:

in the first backlighting period of the first sub-frame
period, enabling PWM control signals for controlling
the two color backlights of the three color backlights,
while disabling a PWM control signal for controlling
the third color backlight of the three color backlights;
and

the step of providing the third color backlight of the three

color backlights in a second backlighting period of the

second sub-frame period comprises:

in the second backlighting period of the second sub-
frame period, disabling the PWM control signals for
controlling the two color backlights of the three color
backlights, while enabling the PWM control signal
for controlling the third color backlight of the three
color backlights.

16. The color control method as claimed in claim 13,
wherein the color filter of the first color sub-pixel is a color
filter of a yellow sub-pixel, the color filter of the second color
sub-pixel is a color filter of a cyan sub-pixel, and the color
filter of the third sub-pixel is a color filter of a transparent
sub-pixel.
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17. The color control method as claimed in claim 13,
wherein the color filter of the first color sub-pixel is a color
filter of a magenta sub-pixel, the color filter of the second
color sub-pixel is a color filter of a yellow sub-pixel, and the
color filter of the third sub-pixel is a color filter of a transpar-
ent sub-pixel.

18. The color control method as claimed in claim 13,
wherein the color filter of the first color sub-pixel is a color
filter of a magenta sub-pixel, the color filter of the second
color sub-pixel is a color filter of a cyan sub-pixel, and the
color filter of the third sub-pixel is a color filter of a transpar-
ent sub-pixel.
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