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DUAL-MODE LIQUID CRYSTAL DISPLAY
DEVICE, COLOR FILTER SUBSTRATE AND
ARRAY SUBSTRATE

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to a
dual-mode liquid crystal display device, a color filter sub-
strate and an array substrate.

BACKGROUND

[0002] Currently liquid crystal display devices need to be
available day and night when used in some special fields,
and normal display functions of a color LCD can be
achieved when used in the day, while the brightness of the
display needs to be lowered when used in the night, as long
as it is ensured that a user can clearly see displayed contents.
In view of such specific use requirements, a display screen
having two display modes is desired.

SUMMARY

[0003] One of the technical problems to be solved by the
embodiments of the present invention is to provide a dual-
mode liquid crystal display device, a color filter substrate
and an array substrate, which can provide a dual-mode
display mode in a bright environment and a dark environ-
ment, and then meet users’ needs.

[0004] An embodiment of the invention provides a dual-
mode liquid crystal display device, comprising: a color filter
substrate, an array substrate cell-assembled with the color
filter substrate, and a liquid crystal layer between the color
filter substrate and the array substrate; wherein,

[0005] the array substrate has a pixel area comprising red,
green, blue and white sub-pixels; and

[0006] the color filter substrate or the array substrate is
provided with a fluorescent layer at a position corresponding
to the white sub-pixel.

[0007] Inoneexample, a polarizer is provided on a surface
of the color filter substrate opposite to the liquid crystal
layer, and the fluorescent layer is provided on the polarizer
at the position corresponding to the white sub-pixel.
[0008] In one example, light filter films of corresponding
colors are provided on a surface of the color filter substrate
close to the liquid crystal layer at positions corresponding to
the red, green and blue sub-pixels.

[0009] In one example, the fluorescent layer is provided
on the array substrate in a TFT pixel area corresponding to
the white sub-pixel.

[0010] In one example, the dual-mode liquid crystal dis-
play device further comprises: a backlight source and a light
guide plate provided at a side of the array substrate opposite
to the liquid crystal layer, and the backlight source com-
prises: a white light source and an ultraviolet band light
source which are separately controlled through switches
independent of each other.

[0011] In one example, a lower polarizer is provided on a
surface of the array substrate close to the backlight source
and the light guide plate.

[0012] In one example, the red, green, blue and white
sub-pixels are arranged parallel to each other or to be a
matrix.

[0013] Another embodiment of the invention provides a
color filter substrate, comprising: light filter areas of red,
green, blue and white sub-pixels; wherein, the color filter
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substrate is provided with a fluorescent layer at a position
corresponding to the white sub-pixel.

[0014] In one example, light filter films of corresponding
colors are provided on a surface of the color filter substrate
at positions corresponding to the light filter areas of the red,
green and blue sub-pixels.

[0015] In one example, a polarizer is provided on a side of
the color filter substrate opposite to the surface where the
light filter films are provided, and the fluorescent layer is
provided on the polarizer at the position corresponding to
the white sub-pixel.

[0016] Still another embodiment provides an array sub-
strate, comprising red, green, blue and white sub-pixels;
wherein, the array substrate is provided with a fluorescent
layer at a position corresponding to the white sub-pixel.
[0017] In one example, the fluorescent layer is provided at
a position of the array substrate corresponding to a TFT
pixel area of the white sub-pixel.

[0018] In one example, the red, green, blue and white
sub-pixels are arranged parallel to each other or to be a
matrix.

[0019] In the above solutions, through adding a transmis-
sive sub-pixel, that is, the above white sub-pixels, the light
emitted from the backlight source is transmitted to the
fluorescent layer in front of a display screen, and the
fluorescent layer is excited to emit light, then fluorescent
display in a dark environment is achieved and user’s needs
are met.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In order to more clearly illustrate the technical
solutions of the embodiments of the invention, the drawings
of the embodiments will be briefly described in the follow-
ing; it is obvious that the described drawings are only related
to some embodiments of the invention and thus are not
limitative of the invention.

[0021] FIG. 1 is a structure diagram of the dual-mode
liquid crystal display device of the embodiments of the
present invention and a schematic diagram of the display in
a bright environment of pixel design embodiment 1;
[0022] FIG. 2 is a structure diagram of the dual-mode
liquid crystal display device of the embodiments of the
present invention and a schematic diagram of the display in
a dark environment of pixel design embodiment 1;

[0023] FIG. 3 is a structure diagram of the dual-mode
liquid crystal display device of the embodiments of the
present invention and a schematic diagram of the display in
a bright environment of pixel design embodiment 2;
[0024] FIG. 4 is a structure diagram of the dual-mode
liquid crystal display device of the embodiments of the
present invention and a schematic diagram of the display in
a dark environment of pixel design embodiment 2;

[0025] FIG. 5 is a schematic diagram of the perspective
structure of the dual-mode liquid crystal display device of
the embodiments of the present invention;

[0026] FIG. 6 is a planar schematic diagram of the dual-
mode liquid crystal display device of the embodiments of
the present invention;

[0027] FIG. 7 is a planar schematic diagram of the dual-
mode liquid crystal display device of the embodiments of
the present invention in a bright environment; and

[0028] FIG. 8 is a planar schematic diagram of the dual-
mode liquid crystal display device of the embodiments of
the present invention in a dark environment.
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DETAILED DESCRIPTION

[0029] In order to make objects, technical solutions and
advantages of the embodiments of the invention more appar-
ent, the technical solutions of the embodiment will be
described in a clearly and fully understandable way in
connection with the drawings related to the embodiments of
the invention. It is obvious that the described embodiments
are just a part but not all of the embodiments of the
invention. Based on the described embodiments herein,
those skilled in the art can obtain other embodiment(s),
without any inventive work, which should be within the
scope of the invention.

[0030] The embodiments of the present invention provide
a dual-mode liquid crystal display device, comprising: a
color filter substrate 10, an array substrate 20 cell-assembled
with the color filter substrate 10, and a liquid crystal layer 30
provided between the color filter substrate 10 and the array
substrate 20, and the pixel area of the array substrate 20
comprises red, green, blue and white sub-pixels; and the
color filter substrate 10 or the array substrate 20 is provided
with a fluorescent layer 12 at the position corresponding to
the white sub-pixels.

[0031] FIGS. 1 and 2 are schematic diagrams of the
structure of the first specific embodiment of the above
dual-mode liquid crystal display device, as illustrated in
FIGS. 1 and 2, the fluorescent layer 12 is provided at the
outer surface of the upper polarizer 11 on the color filter
substrate 10 corresponding to the projection position of the
white sub-pixels. The color filter substrate 10 is provided
with light filter films 14, 15, 16 of corresponding colors on
its surface close to the liquid crystal layer at positions
corresponding to the red, green and blue sub-pixels. That is
to say, the upper polarizer 11 is provided on the surface of
the color filter substrate 10 opposite to the liquid crystal
layer, and the fluorescent layer 12 is provided at the position
of the polarizer 11 corresponding to the white sub-pixels.
[0032] In the first embodiment, the dual-mode liquid crys-
tal display device further comprises: a backlight source 23
and a light guide plate 22 provided below the array substrate
20, and the backlight source 23 comprises: a white light
source and an ultraviolet band light source which are sepa-
rately controlled through switches independent of each
other. In addition, the array substrate 20 is further provided
with alower polarizer 21 at the surface close to the backlight
source 23 and the light guide plate 22.

[0033] For example, the processes that the above dual-
mode liquid crystal display device achieves displaying in a
bright environment and in a dark environment are as follow:
[0034] As illustrated in FIG. 1, it is a schematic diagram
of display in the bright environment, the backlight source is
turned on, in a normal mode or bright environment mode,
the ultraviolet band light source is turned off, a white light
source is turned on, normal red, green, blue and white
display can be achieved, as illustrated in FIG. 1, it is a
schematic diagram illustrating the travelling of the light and
display.

[0035] As illustrated in FIG. 2, it is a schematic diagram
of display in the dark environment, in a fluorescent mode or
dark environment mode, a white backlight source is turned
off, the ultraviolet band light source is turned on, after the
ultraviolet light is irradiated to the fluorescent layer, it can
emit fluorescent light and then fluorescent display can be
achieved. Therefore, the object of dual-mode liquid crystal
display is achieved, and user’s needs are met.
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[0036] FIGS. 3 and 4 are structural schematic diagrams of
the second embodiment of dual-mode liquid crystal display
device of the embodiments of the present invention, in the
second embodiment, the array substrate 20 is provided with
a fluorescent layer 12 in a TFT pixel area corresponding to
the white sub-pixels: that is, the fluorescent layer is provided
within the LCD, and fluorescent display of the dark envi-
ronment can also be achieved.

[0037] In this embodiment, the above dual-mode liquid
crystal display device can further comprise: a backlight
source 23 and a light guide plate 22 provided below the array
substrate 20, and the backlight source 23 comprises: a white
light source and an ultraviolet band light source which are
separately controlled through switches independent of each
other.

[0038] Furthermore, the array substrate 20 is further pro-
vided with a lower polarizer 21 at the surface close to the
backlight source 23 and the light guide plate 22.

[0039] As illustrated in FIG. 3, the fluorescent layer is
fabricated on a TFT substrate, and the light filter film of a
fluorescent material is coated to TFT pixel area correspond-
ing to the white sub-pixels. The ultraviolet light forms
polarized ultraviolet light through the lower polarizer 21,
and the polarized ultraviolet light excites the fluorescent
material to emit visible light with a certain polarization
direction, then fluorescent display output can be achieved
through applying a voltage to the pixels and the effect of the
liquid crystal in the cell.

[0040] In addition, it needs to be indicated that in the first
embodiment and in the second embodiment, the red, green,
blue and white sub-pixels are arranged parallel to each other
or to be a matrix.

[0041] FIG. 6 is a planar schematic diagram of the matrix
arrangement of the red, green, blue and white sub-pixels of
the above embodiments; FIG. 7 is a schematic diagram of
the display in a bright environment of the dual-mode liquid
crystal display device illustrated in FIG. 6; and FIG. 8 is a
schematic diagram of the display in a dark environment of
the dual-mode liquid crystal display device illustrated in
FIG. 6.

[0042] FIG. 5 is a schematic diagram of the perspective
structure of the above embodiments of the present invention,
wherein, the red, green, blue and white sub-pixels are also
arranged to be a matrix.

[0043] Inthe above embodiments of the present invention,
light filter films of corresponding colors are coated on the
color filter substrate corresponding to the red, green and blue
sub-pixels, and no light filter film is provided on the position
of the white sub-pixels. While the color filter substrate is
adhered with a fluorescent layer at its outer side at the
projection position of the white sub-pixels, or the array
substrate is provided with a fluorescent material at the
position corresponding to the white sub-pixels; and the
fluorescent layer can be formed at a sub-pixel position
corresponding to it in a way of exposure, and the backlight
source further comprises a light source of ultraviolet band
besides the light source of the white visible light band, and
can independently control the white light source and the
ultraviolet light source, respectively. A normal color LCD
display mode is used under daylight and in a bright envi-
ronment, and is switched to a UV backlight mode in a dark
environment, and the fluorescent layer can achieve fluores-
cent display after the ultraviolet light transmits the white
sub-pixels and is irradiated to the fluorescent layer.
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[0044] In addition, in the design of the backlight source, a
UV LED lamp can be added in an LED lamp bar, and the
added ratio is so determined as to ensure that the UV can
excite the fluorescent layer. The UV LED lamp can be
arranged independent of a normal LED lamp bar, ie.,
arranged independently. It can be arranged at the upper and
lower sides of the LED lamp bar. In addition, the above
backlight source for exciting the fluorescent layer to emit
light in the embodiments of the present invention is the UV
LED lamp while is not limited to the UV LED lamp, and
other light sources that can be used to excite the fluorescent
layer to emit light can be used in the above dual-mode liquid
crystal display device of the embodiments of the present
invention.

[0045] In addition, as illustrated in FIGS. 1 and 2, the
embodiments of the present invention further provide a color
filter substrate 10, which comprises light filter areas 14, 15,
16 and 13 of red, green, blue and white sub-pixels at the
surface close to the liquid crystal layer; and the color filter
substrate is provided with a fluorescent layer 12 at the
position corresponding to the white sub-pixels 13.

[0046] The fluorescent layer 12 is provided at the outer
surface of the upper polarizer 11 on the color filter substrate
corresponding to the projection position of the white sub-
pixels 13.

[0047] The color filter substrate is provided with light
filter films 14, 15, 16 of corresponding colors on its surface
close to the liquid crystal layer at positions corresponding to
the light filter areas of the red, green and blue sub-pixels.
[0048] As illustrated in FIGS. 3 and 4, the embodiments of
the present invention further provide an array substrate 20,
and the pixel area of the array substrate comprises red,
green, blue and white sub-pixels; and the array substrate is
provided with the fluorescent layer 12 at the position cor-
responding to the white sub-pixels.

[0049] The fluorescent layer is provided at the position of
the array substrate corresponding to a TFT pixel area of the
white sub-pixels.

[0050] The red, green, blue and white sub-pixels are
arranged parallel to each other or to be a matrix.

[0051] Described above are just exemplary ones of the
present invention, and are not intended to limit the scope of
protection of the invention. The scope of protection of the
present invention shall be defined by the appended claims.

1. A dual-mode liquid crystal display device, comprising:

an array substrate has a pixel area comprising red, green,
blue and white sub-pixels;

acolor filter substrate opposite to the color filter substrate;

a liquid crystal layer between the color filter substrate and
the array substrate;

a discontinuous fluorescent layer substantially covering
the white sub-pixel. and the fluorescent layer having
non-overlapping region with the red, green and blue
sub-pixels.

2. The dual-mode liquid crystal display device according

to claim 1, wherein,

the color filter substrate comprises light filter films of
corresponding colors on a surface of the color filter
substrate close to the liquid crystal layer at positions
corresponding to the red, green and blue sub-pixels.

3. The dual-mode liquid crystal display device according

to claim 1, further comprising
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a first polarizer on a surface of the color filter substrate
distal to the liquid crystal layer, wherein the fluorescent
layer is on a surface of the first polarizer distal to the
color filter substrate.

4. The dual-mode liquid crystal display device according
to claim 1, wherein, the fluorescent layer is on a surface of
the array substrate close to the liquid crystal layer.

5. The dual-mode liquid crystal display device according
to claim 1, further comprising: a backlight source at a side
of the array substrate opposite to the liquid crystal layer,
wherein the backlight source comprises: a white light source
and an ultraviolet band light source which are separately
controlled independent of each other.

6. The dual-mode liquid crystal display device according
to claim 5, wherein the white light source and the ultraviolet
band light source are separately controlled by switches.

7. The dual-mode liquid crystal display device according
to claim 1, further comprising a second polarizer on a
surface of the array substrate distal to the liquid crystal layer.

8. The dual-mode liquid crystal display device according
to claim 1, wherein the fluorescent comprises a plurality of
blocks, and an area of each block is substantially equal to an
area of the white sub-pixel.

9. The dual-mode liquid crystal display device according
to claim 1, wherein the red, green, blue and white sub-pixels
are arranged parallel to each other or to be a matrix.

10. An array substrate in a dual-mode liquid crystal
display device, comprising;

red, green, blue and white sub-pixels in a pixel area; and

a discontinuous fluorescent layer substantially covering
the white sub-pixel, and the fluorescent layer having
non-overlapping region with the red, green and blue
sub-pixels.

11. The array substrate according to claim 10, wherein the
fluorescent layer is on a surface of the array substrate close
to a liquid crystal layer of the dual-mode liquid crystal
display device.

12. The array substrate according to claim 10, wherein,
the red, green, blue and white sub-pixels are arranged
parallel to each other or to be a matrix.

13. The array substrate according to claim 10, wherein the
fluorescent comprises a plurality of blocks, and an area of
each block is substantially equal to an area of the white
sub-pixel.

14. A color filter substrate in a dual-mode liquid crystal
display device, comprising;

light filter areas of red, green, blue and white sub-pixels;
and

a discontinuous fluorescent layer substantially covering
the white sub-pixel, and the fluorescent layer having
non-overlapping region with the red, green and blue
sub-pixels.

15. The color filter substrate of claim 14, further com-
prising a polarizer on a surface of the color filter substrate
distal to a liquid crystal layer of the dual-mode liquid crystal
display device, wherein the fluorescent layer is on a surface
of the first polarizer distal to the color filter substrate.

16. The color filter substrate of claim 14, wherein the
fluorescent comprises a plurality of blocks, and an area of
each block is substantially equal to an area of the white
sub-pixel.
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