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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device, and more particularly, to a field-sequential-color
liquid crystal display device.

[0003] 2. Description of the Prior Art

[0004] Color mixing methods in liquid crystal display
devices can be divided into a space-domain color mixing
method and a time-domain color mixing method. The space-
domain color mixing method is widely utilized. Take a thin
field transistor liquid crystal display (TFT-LCD) as an
example. Fach display pixel is composed of a red sub-pixel, a
green sub-pixel, and a blue sub-pixel. The red sub-pixel, the
green sub-pixel, and the blue sub-pixel respectively corre-
spond to a red color filter, a green color filter, and a blue color
filter. By the color mixing of the red sub-pixel, the green
sub-pixel, and the blue sub-pixel of each display pixel, color
displaying images can be recognized by the human visual
system. The time-domain color mixing method do not require
the color filter, and by means of a color sequential method, the
red light, the green light, and the blue light respectively pass
through the liquid crystal display panel in sequence for the
color mixing. Accordingly, the human visual system can rec-
ognize the effect of the color mixing by the photogene of the
human eye. As a result, a field sequential color (FSC) liquid
crystal display device utilizing the time-domain color mixing
method to display a colorful frame has following advantages.
(1) Compared with the pixel in the conventional liquid crystal
display device with the color filter being composed of a red
sub-pixel, a green sub-pixel, and a blue sub-pixel, the pixel in
the FSC liquid crystal display device can be reduced to
improve the resolution of the liquid crystal display device, or
to maintain the resolution of the liquid crystal display device
with reduced cost of the thin film transistor substrate. (2)
Without the color filter, the product cost of the liquid crystal
display device can be reduced.

[0005] Since the FSC liquid crystal display device has no
color filters, the FSC liquid crystal display device may have
higher transmittance than the conventional liquid crystal dis-
play device. Accordingly, the FSC liquid crystal display
device may operate in a micro reflective mode that is a con-
dition of turning off the backlight system and being disposed
in an environment with sunlight at outside. In this condition,
the FSC liquid crystal display device utilizes the backlight
module to reflect the sunlight to display the image, so that
there is no need to dispose the reflective electrode to reflect
the sunlight in the FSC liquid crystal display device. How-
ever, an energy distribution of blue-green color region is
larger than the other color regions in the continuous spectrum
of average sunlight D635, so that when the FSC liquid crystal
display device utilizes the sunlight as a light source, thatis the
FSC liquid crystal display device operating in the reflective
mode or the backlight system being turning off to be in the
micro reflective mode, the frame easily has blue-green shift at
a specific viewing angle. Through actually measurement, the
color shift is more obvious when the FSC liquid crystal dis-
play device is displaying the frame with high gray level. That
means the optical compensation bend liquid crystal display
device easily displays the frame with color shift in the con-
dition of the liquid crystal molecules being substantially par-
allel to the light exit surface of the liquid crystal panel. When

Mar. 14, 2013

the viewing angle is larger in the condition of high gray level,
the color shift is more setious.

[0006] Therefore, in reflective mode or micro reflective
mode, to reduce the color shift of the FSC liquid crystal
display device is an objective in this field when the environ-
ment light is utilized as main light source.

SUMMARY OF THE INVENTION

[0007] Ttis therefore anobjective of the present invention to
provide a liquid crystal display device to reduce the color shift
of the FSC liquid crystal display device when operating in the
reflective mode or the micro reflective mode.

[0008] According to a preferred embodiment of the present
invention, a liquid crystal display device is disclosed. The
liquid crystal display device includes a liquid crystal panel.
The liquid crystal panel has a plurality of pixel regions, and
the liquid crystal panel has a plurality of pixel regions. The
liquid crystal panel includes a first substrate, a second sub-
strate, a liquid crystal layer, and a light absorption layer. The
second substrate is disposed opposite to the first substrate,
and the liquid crystal layer is disposed between the first sub-
strate and the second substrate. The light absorption layer is
disposed between the first substrate and the second substrate
in the pixel regions, and the light absorption layer is config-
ured to absorb a light having a wavelength within a range
between 380 nm and 560 nm.

[0009] Thecolor shift of the liquid crystal display device of
the present invention could be effectively reduced when the
liquid crystal display device operates in the reflective mode or
the micro reflective mode through disposing the light absorp-
tion layer between the first substrate and the second substrate,
changing a part of the gray levels, or turning on a part of
light-emitting devices in the timing control backlight module.
[0010] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic diagram illustrating a cross-
sectional view of a liquid crystal display device according to
a first preferred embodiment of the present invention.
[0012] FIG. 2 is a schematic diagram illustrating a cross-
sectional view of a liquid crystal display device according to
a second preferred embodiment of the present invention.
[0013] FIG. 3 is a schematic diagram illustrating a cross-
sectional view of a liquid crystal display device according to
a third preferred embodiment of the present invention.
[0014] FIG. 4 is a schematic diagram illustrating a cross-
sectional view of a liquid crystal display device according to
a fourth preferred embodiment of the present invention.

DETAILED DESCRIPTION

[0015] In the following description, numerous specific
details are given to provide a thorough understanding of the
invention. It will, however, be apparent to one skilled in the
art, that the invention may be practiced without these specific
details. Furthermore, some well-known system configura-
tions and process steps are not disclosed in detail, as these
should be well-known to those skilled in the art.

[0016] Please refer to FIG. 1, which is a schematic diagram
illustrating a cross-sectional view of a liquid crystal display
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device according to a first preferred embodiment of the
present invention. As shown in FIG. 1, the liquid crystal
display device 100 includes a liquid crystal panel 102, and a
timing control backlight module 104. The timing control
backlight module 104 has a light exit surface 1044, and the
liquid crystal panel 102 is disposed on the light exit surface
104a. The timing control backlight module 104 is configured
to provide lights with different color in different time periods
according to a specific timing sequence. In other words, the
timing control backlight module 104 in the present invention
sequentially provides backlights with different colors during
an extremely shorttime by utilizing a color sequential method
so as to replace the conventional space-domain color mixing
method with the time-domain color mixing method. Accord-
ingly, the liquid crystal panel 102 doesn’t require the color
filters with different colors to mixing lights with different
colors, and expensive cost of the color filters configured to
mixing colors can be saved. For this reason, the liquid crystal
display device 100 is a field sequential color (FSC) liquid
crystal display device. In addition, the liquid crystal panel 102
has a plurality of pixel regions 106, and each pixel region 106
is a transmissive region. Thus, the liquid crystal panel 102 is
a transmissive liquid crystal panel. Each pixel region 106 is
not composed of a plurality of sub-pixel regions, and each
pixel region 106 itself can provide red frame, green frame and
blue frame in different time periods that are in harmony with
the time sequence of the timing control backlight module 104.
In this embodiment, the timing control backlight module 104
is a direct-type backlight module, and includes at least one
first light-emitting device 108 configured to provide a first
color light, at least one second light-emitting device 110
configured to provide a second color light, at least one third
light-emitting device 112 configured to provide a third color
light, a light guide plate 1045, and a reflective plate 104¢. The
first light-emitting device 108, the second light-emitting
device 110 and the third light-emitting device 112 are dis-
posedunder the light guide plate 1045, and the reflective plate
104c is disposed under the light guide plate 1045, the first
light-emitting device 108, the second light-emitting device
110 and the third light-emitting device 112 and configured to
reflect light. The first light-emitting device 108, the second
light-emitting device 110 and the third light-emitting device
112 can be light-emitting diodes configured to generate dif-
ferent color lights, such as red light-emitting diode, green
light-emitting diode and blue light-emitting diode, but the
present invention is not limited thereto. The first light-emit-
ting device, the second light-emitting device and the third
light-emitting device in the present invention also can be
other light-emitting devices that can generate different color
lights. In other embodiments of the present invention, the
reflective plate also can be a reflective film. The timing con-
trol backlight module also can be an edge type.

[0017] In addition, the liquid crystal panel 102 includes a
first substrate 114, a second substrate 116, a liquid crystal
layer 118, and a light absorption layer 120. The first substrate
114 and the second substrate 116 are disposed opposite to
each other, and the first substrate is disposed between the
timing control backlight module 104 and the second substrate
116. The liquid crystal layer 118 is disposed between the first
substrate 114 and the second substrate 116, and the liquid
crystal layer 118 includes a plurality of liquid crystal mol-
ecules 118a. In this embodiment, the first substrate can be an
array substrate having required devices of the liquid crystal
panel 102, such as scan lines, data lines, thin-film transistors,
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and pixel electrodes. The following description will not fur-
ther detail the required devices of the liquid crystal panel 102.
The second substrate 116 can be a transparent substrate, such
as glass, plastic or quartz. Furthermore, the liquid crystal
panel 102 of this embodiment is preferably an optical com-
pensated bend (OCB) liquid crystal panel, which has enough
response time to be in harmony with the timing control back-
light module 104.

[0018] Itshouldbenoted that the light absorption layer 120
is disposed in each pixel region 106 and located between the
first substrate 114 and the second substrate 116, and the light
absorption layer 120 is configured to absorb light with a
wavelength within a range substantially between 380 nm and
560 nm after being reflected, which is blue-green light.
Accordingly when sunlight penetrates through the second
substrate 116, apart of the sunlight passes through the light
absorption layer 120, and a part of energy of other part of the
sunlight with blue-green color can be absorbed, and the light
reflected by the second substrate 116 also will pass through
the light absorption layer 120 again and be absorbed by the
light absorption layer 120 again. Thus, the light with wave-
length between 380 nm and 560 nm can be reduced. For this
reason, the light emitted out from the outside of the second
substrate 116 won’t be blue-greenish. In this embodiment, the
light absorption layer 120 is disposed between the second
substrate 116 and the liquid crystal layer 118, and covers the
second substrate 116 so as to absorb a part of blue-greenish
light passing through the second substrate 116. The present
invention is not limited thereto, and the light absorption layer
120 in the present invention also can only cover the second
substrate 116 of each pixel region 106 or a part of second
substrate 116 shielding each pixel region 106. In addition, the
light absorption layer 120 is composed of a color filter with
one color, such as red color filter, yellow color filter, or orange
color filter, but the present invention is not limited thereto.

[0019] In this embodiment, the liquid crystal panel 102
further includes a black matrix 122, a plurality of transparent
electrodes 126, and a common electrode 128. The black
matrix 122, which is configured to cover a part of devices in
the first substrate 114, is disposed between the pixel regions
106, and the light absorption layer 120 extends to overlap the
black matrix 122. Each transparent electrode 126 is disposed
between the first substrate 114 and the liquid crystal layer 118
in each pixel region 106 respectively, and serves as a pixel
electrode, and the light could penetrate through it. Further-
more, the common electrode 128 is disposed between the
light absorption layer 120 and the liquid crystal layer 118, but
the present invention is not limited herein. In other embodi-
ments of the present invention, the common electrode could
be disposed between light absorption layer 120 and the sec-
ond substrate 116.

[0020] As the above-mentioned description, when the tim-
ing control backlight module 104 is turned off to make the
liquid crystal display device 100 operates in a micro reflective
mode in this embodiment, an ambient light could penetrate
through the liquid crystal panel 102 and the light guide plate
1045, and then is reflected by a reflective plate 104¢ so as to
be a light source of the liquid crystal display device 100, and
the liquid crystal display device 100 could display a frame. It
should be noted that the liquid crystal display device 100
could filter a part of the blue light and a part of the green light
so as to reduce color shift of the frame displayed by the liquid
crystal display device 100 through disposing the light absorp-
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tionlayer 120 between the second substrate 116 and the liquid
crystal layer 118, and the liquid crystal display device 100
could display a normal frame.

[0021] Thelight absorption layer in the present invention is
not limited to be composed by only one color filter layer, and
also could be composed of a stack of a plurality of color
filters. In addition, in order to simplify and show the differ-
ence between the other embodiments or modifications and the
above-mentioned embodiment, the same numerals denote the
same components in the following description, and the same
parts are not detailed redundantly. Please refer to FIG. 2,
which is a schematic diagram illustrating a cross-sectional
view of a liquid crystal display device according to a second
preferred embodiment of the present invention. As shown in
FIG. 2, as compared with the first embodiment, the light
absorption layer 202 in the liquid crystal display device 200
of this embodiment includes a first color filter 202a and a
second color filter 2025, and the timing control backlight
module 204 is a side light type backlight module. The first
color filter 2024 that has a first color and the second color
filter 2024 that has a second color are stacked between the
second substrate 116 and the liquid crystal layer 118, and a
mixing of the first color and the second color could absorb
light having a wavelength within a range between 380 nm and
560 nm. In this embodiment, the first color is red, and the
second color is blue, and the first light-emitting device 108,
the second light-emitting device 110 and the third light-emit-
ting device 112 are disposed at a side of the light guide plate
1045, but are not under the light guide plate 104b. In other
embodiments of the present invention, the first color and the
second color also could be exchanged, or be other colors.

[0022] Thelight absorption layer in the present invention is
not limited to be disposed between the second substrate and
the liquid crystal layer, and also could be disposed between
the first substrate and the liquid crystal layer. Please refer to
FIG. 3, which is a schematic diagram illustrating a cross-
sectional view of a liquid crystal display device according to
a third preferred embodiment of the present invention. As
shown in FIG. 3, as compared with the first embodiment, the
light absorption layer 302 in the liquid crystal display device
300 of this embodiment is disposed between the first substrate
114 and the liquid crystal layer 118, and covers the first
substrate 114. In this embodiment, the light absorption layer
302 is disposed between the transparent electrodes 126 and
the liquid crystal layer 118, but the present invention is not
limited thereto, and also could be disposed between the trans-
parent electrodes and the first substrate. In other embodi-
ments of the present invention, the light absorption layer also
could only cover the first substrate in each pixel region 106 or
partially shield the first substrate in each pixel region. Fur-
thermore, the light absorption layer could be composed of a
stack of a plurality of color filters with different colors.

[0023] The liquid crystal panel in the present invention is
not limited to be a transmissive type liquid crystal panel, and
also could be a transflective type liquid crystal panel. Please
refer to FIG. 4, which is a schematic diagram illustrating a
cross-sectional view of a liquid crystal display device accord-
ing to a fourth preferred embodiment of the present invention.
As shown in FIG. 4, as compared with the first embodiment,
each pixel region 106 in the liquid crystal display device 400
of this embodiment has a transmissive region 106a and a
reflective region 1065, and the liquid crystal panel 102 further
includes a reflective electrode 402 disposed between the first
substrate 114 and the liquid crystal layer 118 in the reflective
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region 1065. The transparent electrode 126 of this embodi-
ment is disposed between the first substrate 114 and the liquid
crystal layer 118 in the transmissive region 106a. Accord-
ingly, the liquid crystal display device 400 of this embodi-
ment could operate in a reflective mode when the timing
control backlight module 104 is turned off so as to increase
brightness of the frame displayed by the liquid crystal display
device 400. In other embodiments of the present invention,
the light absorption layer also could be disposed between the
reflective electrode and the liquid crystal layer, and could
further extend onto the transparent electrode.

[0024] In addition, the present invention is not limited to
dispose the light absorption layer between the first substrate
and the second substrate to reduce the color shift of the FSC
liquid crystal display device, and could change a part of gray
levels or turn on a part of light-emitting devices having apart
of all colors to reduce the color shift. The method of changing
a part of the gray levels could be controlling a part of the
liquid crystal molecules in a part of the pixel regions to
display in low gray levels when the liquid crystal display
device operates in the reflective mode, so that the color shift
in a viewing angle could be reduced by mixing gray levels in
space domain. Or, the method of changing a part of the gray
levels also could be setting up a comparison list correspond-
ing to the reflective mode and displaying the frame with low
color shift in the reflective mode or setting up a set of resistors
thatare electrically connected to pixel electrodes respectively
and corresponds to the reflective mode to reduce the gray
levels. Furthermore, the method of turning on the timing
control backlight module could be turning on the light-emit-
ting devices generating the light having a wavelength within
arange between 380 nm and 560 nm to reduce the color shift.
For example, the red light-emitting devices are turned on, or
the red light-emitting devices and the blue light-emitting
devices are turned on at the same time, so that the color ofthe
frame generated by the liquid crystal display device could be
compensated.

[0025] The following description further details the liquid
crystal display device of the present invention having an
effect of reducing color shift, and the liquid crystal display
device in the first embodiment is taken as an example. Please
refer to Table 1 and Table 2. Table 1 lists coordinate values in
CIE 1960 uv coordinates of viewed frames respectively dis-
played by different liquid crystal display devices when view-
ing angle is 0 degree, and Table 2 lists coordinate values in
CIE 1960 uv coordinates of viewed frames respectively dis-
played by different liquid crystal display devices when view-
ing angle is 30 degrees. A reference point represents coordi-
nate values in CIE 1960 uv coordinates of a sunlight having a
color temperature being 6500K. A condition 1 represents
coordinate values of a viewed frame that is displayed by the
liquid crystal display device without the light absorption
layer, and has a gray level value being 0. A condition 2
represents coordinate values of a viewed frame that is dis-
played by the liquid crystal display device without the light
absorption layer, and has a gray level value being 255. A
condition 3 represents coordinate values of a viewed frame
that is displayed by the liquid crystal display device having a
red color filter disposed therein, and has a gray level value
being 255. A condition 4 represents coordinate values of a
viewed frame that is displayed by the liquid crystal display
device having astack ofared color filter and a blue color filter,
and has a gray level value being 255. A condition 5 represents
coordinate values of a viewed frame that is displayed by the
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liquid crystal display device turning on the red light-emitting
devices, and has a gray level value being 255. A condition 6
represents coordinate values of a viewed frame that is dis-
played by the liquid crystal display device turning on the red
light-emitting devices and the blue light-emitting devices
simultaneously, and has a gray level value being 255. As
shown in Table 1, when the viewing angle is 0 degree, a color
shift value of condition 2 compared with the reference point is
larger than a color shift value of the condition 3 compared
with the reference point and a color shift value of the condi-
tion 4 compared with the reference point, and the color shift
value of the condition 4 compared with the reference point is
further smaller than 0.003. Accordingly, to dispose the red
color filter in the liquid crystal display device could effec-
tively reduce color shift, and the color shift of the liquid
crystal display device could be further reduced by stacking up
the red color filter and the blue color filter. Furthermore, the
color shift value of the condition 5 compared with the refer-
ence point and the color shift value of the condition 6 com-
pared with the reference point are smaller than the color shift
value of condition 2 compared with reference point. Thus, the
color of the frame displayed by the liquid crystal display
device also could be compensated by turning on the red
light-emitting devices or turning on the red light-emitting
devices and the blue light-emitting devices simultaneously,
and the color shift could be reduced. As shown in Table 2,
when the viewing angle is 30 degrees, the color shift values of
conditions 3, 4, 5, 6 compared with the reference point are less
than the color shift value of the condition 2 compared with the
reference point, and the color shift value of the conditions 4
and 6 compared with the reference point is further substan-
tially equal to 0.003. Thus, to dispose the red color filter in the
liquid crystal display device and to turn on the red light-
emitting devices could effectively reduce color shift, and the
color shift values of the liquid crystal display device could be
further reduced to be 0.003 by stacking up the red color filter
and the blue color filter and turning on the red light-emitting
devices and the blue light-emitting devices simultaneously.

TABLE 1

color shift value

u coordinate v coordinate compared with

value value reference point
Reference 0.198 0.312
point
Condition 1 0.198 0.315 0.003
Condition 2 0.184 0.320 0.015
Condition 3 0.194 0.321 0.009
Condition 4 0.197 0.311 0.002
Condition 5 0.196 0.320 0.008
Condition 6 0.195 0.310 0.003
TABLE 2
color shift value
u coordinate v coordinate compared with
value value reference point
Reference 0.198 0.312
point
Condition 1 0.195 0.318 0.007
Condition 2 0.187 0.325 0.017
Condition 3 0.198 0.328 0.014
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TABLE 2-continued

color shift value

u coordinate v coordinate compared with

value value reference point
Condition 4 0.198 0316 0.003
Condition 5 0.198 0.326 0.014
Condition 6 0.198 0315 0.003

[0026] In summary, the color shift of the liquid crystal
display device of the present invention could be effectively
reduced when the liquid crystal display device operates in the
reflective mode or the micro reflective mode through dispos-
ing the light absorption layer between the first substrate and
the second substrate, changing a part of the gray levels, or
turning on a part of light-emitting devices in the timing con-
trol backlight module.

[0027] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be con-
strued as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal panel, having a plurality of pixel regions,

and the liquid crystal panel comprising:

a first substrate;

a second substrate, disposed opposite to the first substrate;

a liquid crystal layer, disposed between the first substrate

and the second substrate; and

a light absorption layer, disposed between the first sub-

strate and the second substrate in the pixel regions, and
the light absorption layer being configured to absorb a
light having a wavelength within a range between 380
nm and 560 nm.

2. The liquid crystal display device according to claim 1,
wherein the light absorption layer is disposed between the
first substrate and the liquid crystal layer.

3. The liquid crystal display device according to claim 1,
wherein the light absorption layer is disposed between the
second substrate and the liquid crystal layer.

4. The liquid crystal display device according to claim 1,
wherein the light absorption layer covers the pixel regions.

5. The liquid crystal display device according to claim 1,
further comprising a timing control backlight module, con-
figured to provide different color lights in different time peri-
ods according to a specific time sequence, and the first sub-
strate being disposed between the timing control backlight
module and the second substrate.

6. The liquid crystal display device according to claim 1,
wherein each pixel region is a transmissive region.

7. The liquid crystal display device according to claim 1,
wherein each pixel region has a transmissive region and a
reflective region.

8. The liquid crystal display device according to claim 7,
wherein the liquid crystal panel further comprises a plurality
of reflective electrodes, and each reflective electrode being
respectively disposed between the first substrate and the lig-
uid crystal layer in each reflective region.

9. The liquid crystal display device according to claim 8,
wherein the light absorption layer is disposed between the
liquid crystal layer and the reflective electrodes.
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10. The liquid crystal display device according to claim 1,
wherein the light absorption layer is composed of a color filter
with a color.

11. The liquid crystal display device according to claim 10,
wherein the color is red.

12. The liquid crystal display device according to claim 1,
wherein the light absorption layer comprises a first color filter
with a first color, and a second color filter with a second color,
and the first color filter and the second color filter are stacked
between the first substrate and the second substrate.
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13. The liquid crystal display device according to claim 12,
wherein the first color is red, and the second color is blue.

14. The liquid crystal display device according to claim 1,
wherein the liquid crystal panel further comprises a black
matrix, disposed between the second substrate and the liquid
crystal layer, and the light absorption layer extends to overlap
the black matrix.
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