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(57 ABSTRACT

The present invention relates to a display device. The display
device comprises a color filter substrate comprising a color
filter layer, an array substrate and a liquid crystal layer dis-
posed between the color filter substrate and the array sub-
strate, characterized in that the display device further com-
prises a reflective layer and a light excitation layer; the
reflective layer is disposed on the side away from the liquid
crystal layer of the array substrate, the light excitation layer
and the color filter substrate are disposed on the same side of
the liquid crystal layer; the light excitation layer emits stimu-
lated light upon being excited by external light and the reflec-
tive layer is capable of reflecting the stimulated light to the
color filter layer. The display device enhances the utilization
to the external light and achieves a higher brightness and an
improved color gamut.
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DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to the field of display
technology, particularly relates to a display device.

BACKGROUND OF THE INVENTION

[0002] Currently, liquid crystal display (LCD) devices
become the mainstream products in the market because of the
excellent performance and the mature technology thereof.
According to the type of light source, LCD devices are clas-
sified into transmissive type, reflective type and transflective
(also called semi-transmissive semi-reflective) type.

[0003] A LCD device mainly comprises a color filter sub-
strate and an array substrate which are assembled and aligned
with each other, and a liquid crystal filled therebetween. The
existing reflective and transflective LCD devices are appli-
cable in outdoor so as to make use of ambient light suffi-
ciently, i.e. external light is reflected to provide whole (reflec-
tive) or part (transflective) of light source required for
displaying image. Both reflective LCD device and transflec-
tive LCD device have a plurality of pixel areas, each of which
comprises a plurality of sub-pixel areas. In the reflective
display devices, each sub-pixel area is a reflective area; in the
transflective display devices, each sub-pixel area comprises a
transmissive area and a reflective area. During the working
process of reflective and transflective LCD devices, external
light entered into the reflective area passes through the liquid
crystal layer and the color filter substrate twice, which causes
partial loss of the light and therefore a relatively low utiliza-
tion of the external light especially in the case that the external
light is weak. As a result, there is a problem that the display
quality is not high in display devices.

SUMMARY OF THE INVENTION

[0004] In view of the foregoing defects existed in the prior
art, the object of the present invention is to provide a display
device being capable of converting the non-red, non-green
and non-blue light in external light into tricolor light of red,
green and blue light through excitation, and filtering light of
other colors by color filter substrate. The display device uti-
lizes other external light such as sunlight more sufficiently
and increases the utilization of the external light, and thereby
achieves a higher brightness and an improved color gamut.
[0005] The object of the present invention is achieved by
providing a display device comprising a color filter substrate
comptising a color filter layer, an array substrate and a liquid
crystal layer disposed between the color filter substrate and
the array substrate, wherein the display device further com-
prises a reflective layer and a light excitation layer; the reflec-
tive layer is disposed on the side away from the liquid crystal
layer of the array substrate, the light excitation layer and the
color filter substrate are disposed on the same side of the
liquid crystal layer; the light excitation layer emits stimulated
light upon being excited by external light and the reflective
layer is capable of reflecting the stimulated light to the color
filter layer.

[0006] Preferably, the light excitation layer is disposed on
the side close to the liquid crystal layer or the side away from
the liquid crystal layer of the color filter substrate; or

[0007] a polaroid is disposed on the side away from the
liquid crystal layer of the color filter substrate and the light
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excitation layer is disposed between the polaroid and the
color filter substrate or on the side away from the color filter
substrate of the polaroid.

[0008] Preferably, the color filter layer comprises a red
filter layer, a green filter layer and a blue filter layer, and the
light excitation layer is disposed in an area corresponding to
at least one of the red filter layer, the green filter layer and the
blue filter layer;

[0009] the light excitation layer corresponding to the red
filter layer is red light excitation sublayer which absorbs the
light in a wavelength shorter than red band in the external
light and emits red light, whereas does not absorb red light in
the external light; the light excitation layer corresponding to
the green filter layer is green light excitation sublayer which
absorbs the light in a wavelength shorter than green band in
the external light and emit green light, whereas does not
absorb green light in the external light; the light excitation
layer corresponding to the blue filter layer is blue light exci-
tation sublayer which absorbs light in a wavelength shorter
than blue band in the external light and emit blue light,
whereas does not absorb blue light in the external light.
[0010] Preferably, the red light excitation sublayer absorbs
the light in a wavelength shorter than 622 nm and emits red
light having a wavelength in the range of 622 nm to 760 nm;
the green light excitation sublayer absorbs the light in a wave-
length shorter than 492 nm and emits green light having a
wavelength in the range of 492 nm to 577 nm; the blue light
excitation sublayer absorbs the light in the wavelength shorter
than 435 nm and emits blue light having a wavelength in the
range of 435 nm to 450 nm.

[0011] Preferably, each of the red light excitation sublayer,
the green light excitation sublayer and the blue light excita-
tion sublayer comprises an quantum dot fluorescent powder,
respectively; and the particle size of the quantum dot fluores-
cent powder in the red light excitation sublayer is in the range
where the quantum dot fluorescent powder emits red light; the
particle size of the quantum dot fluorescent powder in the
green light excitation sublayer is in the range where the quan-
tum dot fluorescent powder emits green light; and the particle
size of the quantum dot fluorescent powder in the blue light
excitation sublayer is in the range where the quantum dot
fluorescent powder emits blue light.

[0012] Preferably, the particle size of the quantum dot fluo-
rescent powder in the red light excitation sublayer is in the
range of 2.3 nmto 5.5 nm; the particle size of the quantum dot
fluorescent powder in the green light excitation sublayer is in
the range of 2.7 nm to 3.5 nm; and the particle size of the
quantum dot fluorescent powder in the blue light excitation
sublayer is in the range of 2.0 nm to 2.5 nm.

[0013] Preferably, the red light excitation sublayer com-
prises a non-quantum dot red light fluorescent powder includ-
ing blue light excited red fluorescent powder of alkaline earth
metal sulfides, molybdate red fluorescent powder and tung-
state-based red fluorescent powder; ultraviolet/near ultravio-
let excited molybdate red fluorescent powder, tungstate-
based red fluorescent powder, silicate-based red fluorescent
powder, zinc oxide-based red fluorescent powder and vana-
dium phosphate-based red fluorescent powder; the green light
excitation sublayer comprises a non-quantum dot green light
fluorescent powder including blue light excited silicate-based
green fluorescent powder; ultraviolet/near ultraviolet excited
silicate-based green fluorescent powder and phosphate-based
green fluorescent powder; and the blue light excitation sub-
layer comprises a non-quantum dot blue light fluorescent
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powder including ultraviolet/near ultraviolet excited alumi-
nate-based blue fluorescent powder, borate-based blue fluo-
rescent powder, chloroborate-based blue fluorescent powder,
phosphate-based blue fluorescent powder and chlorosilicate-
based blue fluorescent powder.

[0014] Preferably, the color filter layer further comprises a
yellow filter layer; the light excitation layer is further dis-
posed in an area corresponding to the yellow filter layer and
the light excitation layer corresponding to the yellow filter
layer is yellow light excitation sublayer which absorbs the
light in a wavelength shorter than yellow band in the external
light and emits yellow light, whereas does not absorb yellow
light in the external light.

[0015] Preferably, the yellow light excitation sublayer
comprises a quantum dot fluorescent powder having a particle
size in the range where the quantum dot fluorescent powder
emits yellow light; or

[0016] the yellow light excitation sublayer comprises a
non-quantum dot yellow light fluorescent powder including
blue light excited aluminate-based yellow fluorescent pow-
der, borate-based yellow fluorescent powder and vanadate-
based yellow fluorescent powder; ultraviolet/near ultraviolet
excited silicate-based yellow fluorescent powder and yellow
fluorescent powder of nitrogen oxides.

[0017] Preferably, the particle size of the quantum dot fluo-
rescent powder in the yellow light excitation sublayer is in the
range of 3.6 nm to 4.3 nm.

[0018] Preferably, the light excitation layer is formed by
pigment dispersion method, printing method or electro depo-
sition method.

[0019] Preferably, the display device further comprises a
backlight disposed on the side away from the liquid crystal
layer of the array substrate; the reflective layer is disposed in
an area corresponding to part of the color filter layer and the
area without providing the reflective layer forms a transmis-
sive area; and the light emitted by the backlight emits out of
the display device through the transmissive area.

[0020] Preferably, the backlight emits white light; the red
light excitation sublayer corresponding to the transmissive
area is transparent and the white light passes through the red
filter layer corresponding to the transmissive area and turns
into red light; the green light excitation sublayer correspond-
ing to the transmissive area is transparent and the white light
passes through the green filter layer corresponding to the
transmissive area and turns into green light; the blue light
excitation sublayer corresponding to the transmissive area is
transparent and the white light passes through the blue filter
layer corresponding to the transmissive area and turns into
blue light; or

[0021] the backlight emits blue light; the red filter layer
corresponding to the transmissive area is transparent and the
red light excitation sublayer corresponding to the transmis-
sive area absorbs blue light and emits red light; the green filter
layer corresponding to the transmissive area is transparent
and the green light excitation sublayer corresponding to the
transmissive area absorbs blue light and emits green light; the
blue filter layer corresponding to the transmissive area is
transparent; or

[0022] the backlight emits ultraviolet/near ultraviolet; the
red filter layer corresponding to the transmissive area is trans-
parent and the red light excitation sublayer corresponding to
the transmissive area absorbs ultraviolet/near ultraviolet and
emits red light; the green filter layer corresponding to the
transmissive area is transparent and the green light excitation
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sublayer corresponding to the transmissive area absorbs ultra-
violet/near ultraviolet and emits green light; the blue filter
layer corresponding to the transmissive area is transparent
and the blue light excitation sublayer corresponding to the
transmissive area absorbs ultraviolet/near ultraviolet and
emits blue light.

[0023] Preferably, the reflective layer is further disposed in
an area corresponding to part of the yellow filter layer and the
area without providing the reflective layer forms a transmis-
sive area;

[0024] the backlight emits white light; the yellow light
excitation sublayer corresponding to the transmissive area is
transparent and the white light passes through the yellow filter
layer corresponding to the transmissive area and turns into
yellow light; or

[0025] the backlight emits blue light; the yellow filter layer
corresponding to the transmissive area is transparent and the
yellow light excitation sublayer corresponding to the trans-
missive area absorbs blue light and emits yellow light; or
[0026] the backlight emits ultraviolet/near ultraviolet; the
yellow filter layer corresponding to the transmissive area is
transparent and the yellow light excitation sublayer corre-
sponding to the transmissive area absorbs ultraviolet/near
ultraviolet and emits yellow light.

[0027] The display device provided by the present inven-
tion includes reflective and transflective display device, in
each of which a special light excitation layer is disposed in an
area corresponding to the reflective area. The light excitation
layer corresponds to at least any one of the red, green and blue
(even yellow) color filter layer, and red light excitation sub-
layer, green light excitation sublayer and blue light excitation
sublayer (even yellow light excitation sublayer) corresponds
to red filter layer, green filter layer and blue filter layer (even
yellow filter layer), respectively. Thereby, the non-red, non-
green and non-blue light in the external light can be converted
into tricolor light of red, green and blue light (even including
yellow light) through excitation, and the light of other colors
can be filtered by the color filter layers in the color filter
substrate. Thus, other external light such as sunlight can be
utilized more sufficiently. That is to say, compared with the
display devices in the prior art that merely adopt the way of
reflecting external light into the display devices, the present
invention further adopts the excitation to the light excitation
layer by the external light and utilizes the stimulated light
through secondary reflection. Thereby, the utilization of the
external light is enhanced particularly in the case that the
external light is weak, and the reflective/transflective liquid
crystal display device achieves a higher brightness and an
improved color gamut.

BRIEF DESCRIPTION OF THE FIGURES

[0028] FIG. 1 is a structural schematic view showing the
display device in Embodiment 1 of the present invention.
[0029] FIG. 2 is a structural schematic view showing the
correspondence between the light excitation layer and the
color filter layer in the color filter substrate.

[0030] FIG. 3 shows the spectrum of the sunlight.

[0031] FIG. 4 is a schematic view showing the sunlight
passing through the light excitation layer and the color filter
layer.

[0032] FIG. 5is a schematic view showing the preparation
method of the light excitation layer shown in FIG. 1.

[0033] FIG. 6 shows the spectrum of the quantum dot
CdSe/ZnS having a diameter of 3.6 nm.
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[0034] FIG. 7 shows the absorption spectrum of the color
filter substrate in Example 1 of the present invention.

[0035] FIG. 8 shows the emission spectra of quantum dots
CdSe/ZnSe having different particle sizes.

[0036] FIG.9 shows the emission spectra ofa non-quantum
dot fluorescent powder used in Example 3 of the present
invention.

[0037] FIG. 10 is a structural schematic view showing the
display device in Embodiment 4 of the present invention.
[0038] FIG. 11 is a structural schematic view showing the
display device in Embodiment 5 of the present invention.

DESCRIPTION OF REFERENCE NUMBERS
AND SIGNS

[0039] 1 color filter substrate; R1 red filter layer; G1 green
filter layer; B1 blue filter layer; 2 array substrate; 3 liquid
crystal layer; 4 reflective layer; 5 light excitation layer; R2 red
light excitation sublayer; G2 green light excitation sublayer;
B blue light excitation sublayer; 6 polaroid; 7 backlight.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

[0040] Inorderto make those skilled in the art have a better
understanding of the technical solutions of the present inven-
tion, more detailed description is provided below with refer-
ence to specific embodiments and the accompanying draw-
ings.

Embodiment 1

[0041] The present embodiment provides a reflective liquid
crystal display device.

[0042] As shown in FIG. 1, the display device of the
embodiment comprises a color filter substrate 1, an array
substrate 2 and a liquid crystal layer 3 disposed between the
color filter substrate 1 and the array substrate 2, and further
comprises a reflective layer 4 (the area corresponding to the
reflective layer 4 can be called as reflective area) and a light
excitation layer 5; wherein the color filter substrate 1 com-
prises a color filter layer (For example, includes red filter
layer R1, green filter layer G1 and blue filter layer B1); the
reflective layer 4 is disposed on the side away from the liquid
crystal layer 3 of the array substrate 2, the light excitation
layer 5 and the color filter substrate 1 are disposed on the same
side of the liquid crystal layer 3; the light excitation layer 5
can emits stimulated light upon being excited by external
light and the reflective layer 4 can reflecting the stimulated
light to the color filter layer, i.e., the reflective layer 4 can
reflect the stimulated light back to the liquid crystal layer 3
and the color filter substrate 1 so that the stimulated light
emits out of the display device.

[0043] Herein, the external light generally refers to all light
except for the light emitted by the display device per se. For
example, the external light includes the light emitted by day-
light lamp, warm sunlight and natural light required for visual
sense, etc. Generally, the natural light includes mixed-color
light of different wavelength, such as blue, green and red
light, etc.

[0044] The color filter substrate 1 also comprises an under-
lay (not shown in FIG. 1) and the color filter layer is disposed
on the side close to the liquid crystal layer 3 of the underlay.
The light excitation layer 5 and the color filter substrate 1 are
disposed on the same side of the liquid crystal layer 3, which
means that the light excitation layer 5 can be disposed on the
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side close to or away from the liquid crystal layer 3 of the
color filter substrate 1. When the light excitation layer 5 is
disposed on the side close to the liquid crystal layer 3 of the
color filter substrate 1, it can be formed as a part of the color
filter substrate 1 and prepared at the same time with the color
filter substrate 1. Then, the color filter substrate 1 can be
assembled and aligned with the array substrate 2 directly
during the formation of a display panel. In this case, the
structure of the display panel is relatively compact. When the
light excitation layer 5 is disposed on the side away from the
liquid crystal layer 3 of the color filter substrate 1, it may be
formed after the formation of the color filter substrate 1, even
after the formation of the display panel, such that the prepa-
ration process is relatively flexible. The position of the light
excitation layer 5 can be varied flexibly according to the
practical application and is not limited herein.

[0045] In the display device of the present embodiment, a
polaroid 6 is also disposed on the side away from the liquid
crystal layer 3 of the color filter substrate 1. When the light
excitation layer 5 is disposed on the side away from the liquid
crystal layer 3 of the color filter substrate 1, it can be disposed
between the polaroid 6 and the color filter substrate 1, or on
the side away from the color filter substrate 1 of the polaroid
6. The position of the light excitation layer 5 can be selected
according to practical application and is not limited herein. As
anexample, F1G. 1 shows the light excitation layer5 disposed
between the polaroid 6 and the color filter substrate 1.

[0046] In order to colorize the images, the display device
has three colors of sub-pixels, i.e., red (R), green (G) and blue
(B) sub-pixels, which constitute one pixel and form images
by gray scale modulation. In respective color filter layer, the
color filter layer corresponding to red sub-pixel is red filter
layer R1, the color filter layer corresponding to green sub-
pixel is green filter layer G1, and the color filter layer corre-
sponding to blue sub-pixel is blue filter layer B1. The light
excitation layer 5 is disposed in an area corresponding to at
least one of the red filter layer R1, the green filter layer G1 and
the blue filter layer B1. Namely, the color filter layer has
sub-pixel structures of R1, G1 and B1 and the light excitation
layer 5 can be disposed in an area corresponding to one (for
example, only green light excitation sublayer G2 is disposed
in the area corresponding to the green filter layer G1 whereas
red light excitation sublayer R2 corresponding to red filter
layer R1 and blue light excitation sublayer B2 corresponding
to blue filter layer B1 are not disposed in the light excitation
layer 5), two (for example, green light excitation sublayer G2
and red light excitation sublayer R2 are disposed in the areas
corresponding to the green filter layer G1 and the red filter
layer R1, respectively, whereas blue light excitation sublayer
B2 corresponding to the blue filter layer B1 is not disposed in
the light excitation layer 5), or three (green light excitation
sublayer G2 is disposed in the area corresponding to the green
filter layer G1, red light excitation sublayer R2 is disposed in
the area corresponding to the red filter layer R1 and blue light
excitation sublayer B2 is disposed in the area corresponding
to the blue filter layer B1) of the sub-pixel structures of R1,
G1 and B1 of the color filter layer, so as to use the external
light corresponding to these areas more sufficiently and
increase the utilization rate of the display device to the exter-
nal light, and therefore increase the brightness of the display
device. It can be understood that, when the light excitation
layer 5 is disposed simultaneously in three areas correspond-
ingto R1, G1 and B1 of the color filter layer, respectively, the
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utilization rate to the light is maximum because three colors
of light are all used. The present embodiment illustrates such
case hereinafter.

[0047] In the present embodiment, the red light excitation
sublayer R2, the green light excitation sublayer G2 and the
blue light excitation sublayer B2 in the light excitation layer
5 correspond to the red filter layer R1, the green filter layer G1
and the blue filter layer B1 in the color filter substrate 1,
respectively. Asshown in FIG. 2, the R2 in the light excitation
layer 5 corresponds to the red filter layer R1 in the color filter
layer; the G2 in the light excitation layer 5 corresponds to the
green filter layer G1 in the color filter layer; the B2 in the light
excitation layer 5 corresponds to the blue filter layer B1 in the
color filter layer. That is to say, the light excitation layer
corresponding to the red filter layer R1 is the red light exci-
tation sublayer R2, which can absorb the light in the wave-
length shorter than red band in the external light and emit red
light, whereas does not absorb red light in external light; the
light excitation layer corresponding to the green filter layer
G1 is the green light excitation sublayer G2, which can absorb
the light in the wavelength shorter than green band in the
external light and emit green light, whereas does not absorb
green light in the external light; the light excitation layer
corresponding to the blue filter layer B1 is the blue light
excitation sublayer B2 which can absorb the light in the
wavelength shorter than blue band in the external light and
emit blue light, whereas does not absorb blue light in the
external light. Specifically, first, the external light passes
through and excites the light excitation layer 5 and blue, green
and red light are emitted, while the original blue, green and
red light in the external light pass through the light excitation
layer 5 without loss substantially; then, the light passes
through the color filter layer in the color filter substrate 1 such
that other colors of light are removed; and then the light
passes through the liquid crystal layer 3 and reaches the
reflective layer 4 so as to be utilized through secondary reflec-
tion; finally, the light emits out of the display device via the
liquid crystal layer 3 and the color filter substrate 1 again. By
this process, the display device achieves image display.
[0048] Inorder to be emitted by the external light, the light
excitation layer 5 of each color comprises respective fluores-
cent powders. For example, the red light excitation sublayer
R2 comprises red fluorescent powder which can absorb the
light in a wavelength shorter than red band in the sunlight and
emit red light, whereas does not absorb original red light in
the sunlight; accordingly, the green light excitation sublayer
G2 comprises green fluorescent powder and the blue light
excitation sublayer B2 comprises blue fluorescent powder.
The blue fluorescent powder in the blue light excitation sub-
layer B2 can absorb the light in a wavelength shorter than 435
nm (or in a certain wavelength band thereof) and emit blue
light having a wavelength ranging from 435 nm to 450 nm;
the green fluorescent powder in the green light excitation
sublayer G2 can absorb the light in a wavelength shorter than
492 nm (or in a certain wavelength band thereof) and emit
green light having a wavelength ranging from 492 nm to 577
nm; the red fluorescent powder in the red light excitation
sublayer R2 can absorb the light in a wavelength shorter than
622 nm (or in a certain wavelength band thereof) and emit red
light having a wavelength ranging from 622 nm to 760 nm.
[0049] Itwill be appreciated that the excitation wavelength
ranges of blue, green and red light are not defined strictly,
which may be narrower than, wider than, or depart from the
theoretical wavelength ranges according to the practical situ-
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ation. The proportion among the blue fluorescent powder,
green fluorescent powder and red fluorescent powderinthe R,
G, B sub-pixels respectively can be adjusted flexibly depend-
ing on the practical application so as to allow the blue, green
and red light emitted out of the reflective display device to be
mixed into the white light as seen by human eyes.

[0050] The sunlight is a kind of external light and the spec-
trum thereof is shown in FIG. 3, wherein the region A is
ultraviolet light accounting for 8.7% of the solar spectrum;
the region B is visible light accounting for 43% of the solar
spectrum, which comprises mixed-color light having differ-
ent wavelength ranges, such as blue, green and red light; and
the region A is infrared light accounting for 48.3% of the solar
spectrum.

[0051] The propagation process of the external light in the
display device will be described hereinafter by taking the
sunlight as an example. FIG. 4 shows the schematic view of
the excitation process of the sunlight passing through the light
excitation layer5 and the absorption process of the color filter
substrate 1. For example, the sunlight irradiates the green
light excitation sublayer G2, such that the green fluorescent
powder in G2 is excited by the sunlight in the wavelength
shorter than green light (or a part of this band) and emits green
light, while the original green light in the sunlight passes
through G2 without loss substantially. As a result, the light
2-1is formed. The incident light 2-1 onto the green filter layer
G1 in the color filter substrate 1 is filtered by G1 and light 2-2
only comprising green light is formed.

[0052] The wavelength of the red light emitted by the red
light excitation sublayer R2 upon absorbing the light in the
wavelength shorter than 622 nm is in the range of 622 nm to
760 nm; the wavelength of the green light emitted by the
green light excitation sublayer G2 upon absorbing the light in
the wavelength shorter than 492 nm is in the range of 492 nm
to 577 nm; the wavelength of the blue light emitted by the blue
light excitation sublayer B2 upon absorbing the light in the
wavelength shorter than 435 nm is in the range of 435 nm to
450 nm.

[0053] Inparticular, the quantum dot fluorescent powder is
more advantageous compared with conventional fluorescent
substances. For example, since the quantum dot fluorescent
powder has a narrower excitation spectrum, its color is purer
than conventional fluorescent substances and renders the dis-
play device improved color gamut. In the present embodi-
ment, the red light excitation sublayer R2, the green light
excitation sublayer G2 and the blue light excitation sublayer
B2 comprise quantum dot fluorescent powder, respectively,
wherein the particle size of the quantum dot fluorescent pow-
der in the red light excitation sublayer is in the range where
the quantum dot emits red light; the particle size of the quan-
tum dot fluorescent powder in the green light excitation sub-
layer is in the range where the quantum dot emits green light;
and the particle size of the quantum dot fluorescent powder in
the blue light excitation sublayer is in the range where the
quantum dot emits blue light. It can be understood by the
skilled in the art that different quantum dot fluorescent pow-
ders which are capable of emitting a light of given color have
different particle sizes.

[0054] Preferably, the particle size of the quantum dot fluo-
rescent powder in the red light excitation sublayer R2 is in the
range of 2.3 nmto 5.5 nm; the particle size of the quantum dot
fluorescent powder in the green light excitation sublayer G2 is
in the range of 2.7 nm to 3.5 nm; the particle size of the
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quantum dot fluorescent powder in the blue light excitation
sublayer B2 is in the range of 2.0 nm to 2.5 nm.

[0055] The quantum dot fluorescent powder is mainly
divided into Group 1I-VI quantum dot and Group III-V quan-
tum dot according to the element constituent. In order to
increase the fluorescence quantum efficiency and stability,
the preparation of the “core-shell” quantum dot such as CdSe/
CdS, CdSe/ZnS, CdTe/CdS, etc. becomes one of important
choices. The term “core-shell” means that a high band gap
“wall” is formed around the outer layer of a quantum dot so as
to restrict the non-radiative transition of electrons. Since the
photoluminescence spectrum of a quantum dot fluorescent
powder depends on the band gap and the particle size of the
quantum dot ultimately, the spectrum of a quantum dot fluo-
rescent powder is mainly adjusted by controlling the particle
size thereof during the preparation of the quantum dot fluo-
rescent powder. That is to say, when the constituent material
is given, quantum dots of different colors can be obtained by
controlling the particle size thereof.

[0056] The materials of the quantum dot fluorescent pow-
der include zinc sulfide (ZnS), zinc oxide (Zn0), gallium
nitride (GaN), zinc telluride (ZnTe), gallium selenide (GaSe),
cadmium selenide (CdSe), indium antimonide (InSb), lead
telluride (PbTe), zinc selenide (ZnSe), tin sulfide (SnS), cad-
mium sulfide (CdS), cadmium telluride (CdTe), gallium ars-
enide (GaAs), indium phosphide (InP), gallium antimonide
(GaShb), indium arsenide (InAs), tellurium (Te), lead sulfide
(PbS). lead selenide (PbSe). The structure of the quantum dot
may be a single core composed of one substance. For
example, the quantum dot fluorescent powder may be formed
by using cadmium selenide (CdSe) as the core merely. Taking
cadmium selenide (CdSe) as an example, the preferable
diameter for emitting red light is in the range of 2.3 nm to 5.5
nm. Inaddition, a quantum dot fluorescent powder can also be
composed of a core and a outer coating layer, wherein the
materials of the core include zinc sulfide (ZnS), zinc oxide
(Zn0), gallium nitride (GaN), zine selenide (ZnSe), cadmium
sulfide (CdS), zinc telluride (ZnTe), gallium selenide (GaSe),
cadmium selenide (CdSe), cadmium telluride (CdTe), gal-
lium arsenide (GaAs), indium phosphide (InP), gallium anti-
monide (GaSb), indium arsenide (InAs), tellurium (Te), lead
sulfide (PbS), indium antimonide (InSb), lead selenide
(PbSe), lead telluride (PbTe); the materials of the coating
layer include zinc sulfide (ZnS), zinc oxide (Zn0O), gallium
nitride (GaN), zinc selenide (ZnSe), cadmium sulfide (CdS),
zinc telluride (ZnTe), gallium selenide (GaSe), cadmium
selenide (CdSe), cadmium telluride (CdTe), gallium arsenide
(GaAs), indium phosphide (InP), gallium antimonide
(GaShb), indium arsenide (InAs), tellurium (Te), lead sulfide
(PbS). indium antimonide (InSb), lead selenide (PbSe), lead
telluride (PbTe). For example, when cadmium selenide
(CdSe) is used as the core and zinc sulfide (ZnS)is used as the
coating layer, the preferable thickness of the coating layer is
0.2 nm to 1.7 nm and the preferable total diameter of the
whole quantum dot fluorescent powder is between 2.3 nm to
5.5 nm for emitting red light.

[0057] Themethod for preparing a quantum dot fluorescent
powder includes many known methods such as hydrothermal
method, hot colloid method and hot injection method. The
specific process can be adjusted according to production con-
ditions and is not expatiated herein.

[0058] Inthe present embodiment, thelight excitation layer
in the display device can be formed by many known methods
such as pigment dispersion method, printing method or elec-
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tro deposition method. The pigment dispersion method is a
method that contacting corresponding fluorescent material
with the color filter substrate so as to coat the color filter
substrate and form a film thereon; thereafter, forming a light
excitation layer by an exposure process and a development
process. The printing method is a method that placing corre-
sponding fluorescent material on a transfer plate; forming a
light excitation layer by printing with an automatic printing
device. The electro deposition method is a method that allow-
ing the fluorescent material dispersed in water to be attached
onto an [TO transparent electrode by electrophoretic deposi-
tion method, wherein the fluorescent material is uncharged
while the resin material is charged, and the fluorescent mate-
rial migrates along with the resin material to the transparent
electrode when a current is applied and deposits thereon to
form a light excitation layer.

[0059] One method for patterning the light excitation layer
is shown in FIG. 5. The specific steps include: coating a
coloring material which is a fluorescent material; forming a
red light excitation sublayer, a green light excitation sublayer
and a blue light excitation sublayer by steps of exposure,
development and curing, etc.; forming a outer coating layer
which plays a role of protecting the coloring materials. This
method is known and is not expatiated herein.

[0060] The advantages of using quantum dot fluorescent
powder include:

[0061] Firstly, the emission spectrum of a quantum dot
fluorescent powder is single and “narrow”. The full width at
half maxima (FWHM) of quantum dot fluorescent powder is
mostly equal to or less than 40 nm (the FWHM of conven-
tional fluorescent powder is typically hundreds of nanom-
eters), preferable 30 nm or even between 20 nm and 10 nm.
Thus, it facilitates to enhance the color gamut.

[0062] Secondly, the excitation spectrum of a quantum dot
fluorescent powder is wide such that any excitation wave-
length can be selected within a wide wavelength band shorter
than the excitation spectrum. This makes one can select the
quantum dot fluorescent powder more conveniently. FIG. 6
shows the absorption-emission spectra of CdSe/ZnS quantum
dot fluorescent powder having a diameter of 3.6 nm, wherein
the absorption spectral line extends from the ultraviolet
region to the vicinity of the emission peak; the emission peak
of CdSe/ZnS quantum dot is at 587 nm and FWHM is 28 nm.
The emission peaks of the quantum dot fluorescent powder
are slightly biased under different excitation wavelengths. It
is found that the difference between the wavelengths of emis-
sion peaks under an 300 nm excitation wavelength and an 500
nm excitation wavelength, respectively, is merely 4 nm. It can
be seen that the excitation wavelength of a light source only
influences slightly on the position of the emission peak. How-
ever, the excitation wavelength may influence the strength of
the emission peak, that is, the shorter the excitation wave-
length is, the stronger the excited light is.

[0063] Thirdly, the quantum dot fluorescent powder has
high luminous intensity. The luminous intensity of a quantum
dot fluorescent powder is several times, even dozens of times
higher than the conventional small molecule organic dye,
which makes it greatly enhances the brightness of a display
device. This depends on both the fluorescence quantum effi-
ciency and the molar extinction coefficient of the quantum
dot.

[0064] Thus, by using the quantum dot fluorescent powder
in the light excitation layer, a stronger emission light is
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obtained, and the color gamut is improved while the utiliza-
tion rate to the external light is increased.

Embodiment 2

[0065] In another embodiment of the present invention, the
fluorescent powders used in the light excitation layer of the
display device of this invention are different from those used
in embodiment 1.

[0066] Inthis embodiment, other types of fluorescent pow-
ders are used in the light excitation layer. Specifically, the red
light excitation sublayer comprises non-quantum dot red light
fluorescent powder which includes blue light excited red fluo-
rescent powder of alkaline earth metal sulfides, molybdate
red fluorescent powder and tungstate-based red fluorescent
powder; ultraviolet/near ultraviolet excited molybdate and
tungstate-based red fluorescent powder, silicate-based red
fluorescent powder, zinc oxide-based red fluorescent powder
and vanadium phosphate-based red fluorescent powder. The
green light excitation sublayer comprises non-quantum dot
green light fluorescent powder which includes blue light
excited silicate-based green fluorescent powder; ultraviolet/
near ultraviolet excited silicate-based green fluorescent pow-
der and phosphate-based green fluorescent powder. The blue
light excitation sublayer comprises non-quantum dot blue
light fluorescent powder which includes ultraviolet/near
ultraviolet excited aluminate-based blue fluorescent powder,
borate-based blue fluorescent powder, chloroborate-based
blue fluorescent powder, phosphate-based blue fluorescent
powder and chlorosilicate-based blue fluorescent powder.
[0067] Similarly, the proportion among the blue fluorescent
powder, green fluorescent powder and red fluorescent powder
in the R, G, B sub-pixels respectively can be adjusted flexibly
depending on the practical application so as to allow the blue,
green and red light emitted out of the reflective display device
to be mixed into the white light as seen by human eyes.

Embodiment 3

[0068] The present embodiment provides a reflective liquid
crystal display device. Different from any one of the embodi-
ments described above, the numbers of the sub-pixel com-
posing a pixel unit is four rather than three in the present
embodiment.

[0069] Generally, one pixel in a display device only
includes three sub-pixels, i.e., R, G and B sub-pixels. In
recent years, however, in order to enhance the color gamut of
the display device, the structure includes four or more sub-
pixels, i.e., includes additional sub-pixels of other colors in
addition to R, G and B sub-pixels, has appeared.

[0070] The present embodiment illustrates the addition ofa
yellow sub-pixel in the display device. Accordingly, the color
filter layer further includes yellow filter layer Y1 and the light
excitation layer 5 is further disposed on an area corresponding
to the yellow filter layer Y1. Such light excitation layer is
yellow light excitation sublayer Y2 which can absorb light in
the wavelength shorter than yellow band in the external light
and emit yellow light, whereas does not absorb original yel-
low light in the external light.

[0071] Theyellow light excitation sublayer Y2 comprises a
quantum dot fluorescent powder and the particle size of which
is in the range where the quantum dot emits yellow light,
preferably in the range of 3.6-4.3 nm.

[0072] Alternatively, the yellow light excitation sublayer
Y2 comprises non-quantum dot yellow light fluorescent pow-
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der which includes blue light excited aluminate-based yellow
fluorescent powder, borate-based yellow fluorescent powder
and vanadate-based yellow fluorescent powder, etc; ultravio-
let/near ultraviolet excited silicate-based yellow fluorescent
powder and yellow fluorescent powder of nitrogen oxides.
[0073] The display device of the present embodiment
increases the utilization to the external light in the same way
with that of any one of the display device as described in
above embodiments and is not expatiated herein.

Embodiment 4
[0074] The present embodiment provides a transflective
display device.
[0075] FIG. 10 shows the structural schematic view of the

transflective display device, which is divided into a reflection
area and a transmission area. The light source of the trans-
mission area is provided by a backlight. The structure of the
reflection area is the same with that of the reflective display
device described in any one of the embodiments 1-3 and the
light source of the reflection area is provided by the external
light.

[0076] AsshowninFIG.10,apolaroid 6 s also disposed on
the side away from the liquid crystal layer 3 of the array
substrate 2, wherein the polarization axis thereof is perpen-
dicular to that of the polaroid 6 disposed on the side away
from the liquid crystal layer 3 of the color filter substrate 1 so
as to modulate the lights entering into and exiting out of the
display device.

[0077] In the present embodiment, the display device fur-
ther comprises a backlight 7 disposed on the side away from
the liquid crystal layer of the array substrate. The reflective
layer 4 is disposed partially in the area corresponding to the
red sub-pixel R, the green sub-pixel G and the blue sub-pixel
B. The area without providing the reflective layer 4 forms a
transmissive area. The light emitted by the backlight 7 emits
out of the display device through the array substrate 2, the
liquid crystal layer 3, the color filter substrate 1 and the light
excitation layer 5 corresponding to the transmissive area.

[0078] Inthe present embodiment, the light emitted by the
backlight 7 is a white light. The red light excitation sublayer
corresponding to the transmissive area of the red sub-pixel is
transparent and the white light passes through the red filter
layer corresponding to the transmissive area and turns into red
light; the green light excitation sublayer corresponding to the
transmissive area of the green sub-pixel is transparent and the
white light passes through the green filter layer corresponding
to the transmissive area and turns into green light; the blue
light excitation sublayer corresponding to the transmissive
area of the blue sub-pixel is transparent and the white light
passes through the blue filter layer corresponding to the trans-
missive area and turns into blue light.

[0079] That is, when the light emitted by the backlight is a
white light, only the color filter layer of each sub-pixel in the
transmissive area is set while the corresponding light excita-
tion layer is transparent. As aresult, a tricolor light of R, Gand
B is formed by the filtering of the color filter layer.

[0080] Inthistransflective display device, the external light
corresponding to the reflective area in each sub-pixel can be
excited by the light excitation layer and reflected by the
reflective layer so as to be secondarily used. As a result, the
utilization rate to the external light is increased and the bright-
ness of the display device is improved.
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Embodiment 5

[0081] The present embodiment provides a transflective
liquid crystal display device. Compared with the embodiment
4, the backlight ofthis embodiment is different and the setting
manner of the color filter substrate is changed, accordingly.
[0082] In this embodiment, the light emitted by the back-
light 7 is a blue light. The red filter layer corresponding to the
transmissive area of the red sub-pixel is transparent and the
red light excitation sublayer corresponding to the transmis-
sive area absorbs blue light and emits red light; the green filter
layer corresponding to the transmissive area of the green
sub-pixel is transparent and the green light excitation sub-
layer corresponding to the transmissive area absorbs blue
light and emits green light; the blue filter layer corresponding
to the transmissive area of the blue sub-pixel is transparent.
As a result, a tricolor light of R, G and B is formed by the
excitation of blue light.

[0083] Alternatively, the light emitted by the backlight is an
ultraviolet/near ultraviolet. The red filter layer corresponding
to the transmissive area of the red sub-pixel is transparent and
the red light excitation sublayer corresponding to the trans-
missive area absorbs ultraviolet/near ultraviolet and emits red
light; the green filter layer corresponding to the transmissive
area of the green sub-pixel is transparent and the green light
excitation sublayer corresponding to the transmissive area
absorbs ultraviolet/near ultraviolet and emits green light; the
blue filter layer corresponding to the transmissive area of the
blue sub-pixel is transparent and the blue light excitation
sublayer corresponding to the transmissive area absorbs ultra-
violet/near ultraviolet and emits blue light. As a result, a
tricolor light of R, G and B is formed by the excitation of
ultraviolet/near ultraviolet.

[0084] That is, when the light emitted by the backlight is a
blue light or an ultraviolet/near ultraviolet, only the light
excitation layer of each sub-pixel in the transmissive area is
set while the corresponding color filter layer is transparent. In
particular, when the backlight is blue, the blue excitation
sublayer can be set to transparent; the red light excitation
sublayer and the green light excitation sublayer are provided
with respective fluorescent powders and thereby form a red
light and a green light respectively by the excitation of the
blue light, and then the red and green light form a color light
with the blue light. When the backlight is an ultraviolet/near
ultraviolet, the blue light excitation sublayer, the red light
excitation sublayer and the green light excitation sublayer are
provided with respective fluorescent powders and thereby
form blue, red and green light respectively by the excitation of
the ultraviolet/near ultraviolet, and then form a color light.
[0085] The display device of the present embodiment
increases the utilization to the external light in the same
manner with that of the display device of embodiment 4 and
is not expatiated herein. The external light is secondarily used
by the display device. As a result, the utilization rate to the
external light is increased and the brightness of the display
device is improved.

Embodiment 6

[0086] The present embodiment provides a transflective
liquid crystal display device. Different from embodiment 4 or
5, the numbers of the sub-pixel composing a pixel unit is four
rather than three in the present embodiment.

[0087] In the present embodiment, the display device fur-
ther comprises yellow sub-pixel Y. Accordingly, the color
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filter layer further includes yellow filter layer Y1 and the light
excitation layer 5 is further disposed on an area corresponding
to the yellow filter layer Y1. Such light excitation layer is
yellow light excitation sublayer Y2. The reflective layer 4 is
disposed partially and corresponds to the yellow filter layer
Y1 and the area without providing the reflective layer forms a
transmissive area.

[0088] Corresponding to the structure of the display device
in embodiment 4, in this embodiment, the light emitted by the
backlight 7 is a white light; the yellow light excitation sub-
layer Y2 corresponding to the transmissive area of the yellow
sub-pixel Y is transparent and the white light passes through
the yellow filter layer Y1 corresponding to the transmissive
area and turns into yellow light.

[0089] Alternatively, corresponding to the structure of the
display device in embodiment 5, in this embodiment, the light
emitted by the backlight 7 is a blue light; the yellow filter layer
Y1 corresponding to the transmissive area of the yellow sub-
pixel Y is transparent and the yellow light excitation sublayer
Y2 corresponding to the transmissive area absorbs blue light
and emits yellow light; or the light emitted by the backlight 7
is an ultraviolet/near ultraviolet, the yellow filter layer Y1
corresponding to the transmissive area of the yellow sub-pixel
Y is transparent and the yellow light excitation sublayer Y2
corresponding to the transmissive area absorbs the ultravio-
let/near ultraviolet and emits yellow light.

[0090] The display device of the present embodiment
increases the utilization to the external light in the same
manner with that of the display device of embodiment 4 and
is not expatiated herein. The external light is secondarily used
by the display device. As a result, the utilization rate to the
external light is increased and the brightness of the display
device is improved.

[0091] The display device described in the present inven-
tion can be any product or component having display func-
tion, such as electronic paper, mobile phone, tablet PC, tele-
vision, displayer, laptop, digital photo frame, navigator, etc.
The display device exhibits increased utilization rate to the
external light and is suitable for a wider application scope.
[0092] As used in this specification and the appended
claims, the words “a”, “an”, and “the”, or cases not indicating
quantity, include plural referents unless the content clearly
dictates otherwise.

EXAMPLE 1

[0093] As a specific example of embodiment 1, in this
Example, 8880 of DWFC Corporation was used as the color
filter substrate, the thickness of which is 2.4 pm and the
absorption spectrum is shown in FIG. 7.

[0094] (CdSe/ZnSe quantum dot was used as the fluorescent
powder in the red light excitation sublayer R2 and the green
light excitation sublayer G2 in the light excitation layer 5.
FIG. 8 shows the emission spectra of CdSe/ZnSe quantum
dots of different particle size. It can be seen from FIG. 8 that
when the diameter of the quantum dot is 4.8 nm, the position
of the emission peak is near 625 nm which belongs to the
region of red light and is less absorbed by the red filter layer
R1. Thus, CdSe/ZnSe quantum dot having a diameter of 4.8
nm can be used as the fluorescent powder in the red sub-pixel.
When the diameter of the quantum dot is 2.7-3.2 nm, the
position of the emission peak is near 550 nm which belongs to
the region of green light and is less absorbed by the green filter
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layer G1. Thus, CdSe/ZnSe quantum dot having a diameter of
2.7-3.2 nm can be used as the fluorescent powder in the green
sub-pixel.

[0095] Inthe display device of the Example, since the natu-
ral light was further utilized by the quantum dot fluorescent
powder in the red sub-pixel and the green sub-pixel, the
brightness ofthe display device was increased compared with
the display device of the prior art when tested with the inte-
grating sphere (IS-*MA, available from Lisun Electronics
Inc.) under the same condition. The brightness of the display
device ofthe Example was increased by 10%-50% depending
on the concentration of the quantum dot fluorescent powder
used.

EXAMPLE 2

[0096] In the Example, 8880 of DWFC Corporation was
also used as the color filter substrate and the thickness of
which is 2.4 um.

[0097] The fluorescent powder used in the red light excita-
tion sublayer R2 and the green light excitation sublayer G2 in
the light excitation layer 5 were the same with that in Example
1, but the blue light excitation sublayer B2 was set to trans-
parent. Namely, no fluorescent powder was provided in the
blue light excitation sublayer B2, and the sunlight can pass
through the blue light excitation sublayer B2 without being
absorbed and subsequently passes through the blue filter layer
B1 in the color filter substrate 1 so as be converted into a blue
light upon filtration.

[0098] The same text according to Example 1 was pre-
formed. Compared with the display device of the prior art, the
brightness of the display device of the Example was increased
by 6%-46% depending on the concentration of the quantum
dot fluorescent powder used.

EXAMPLE 3

[0099] In the Example, 8880 of DWFC Corporation was
also used as the color filter substrate and the thickness of
which is 2.4 um.

[0100] The fluorescent powder used in the red light excita-
tion sublayer R2 and the green light excitation sublayer G2 in
the light excitation layer 5§ were the same with that used in
Example 1, but the fluorescent powder used in the blue light
excitation sublayer B2 was the non-quantum dot fluorescent
powder described in above embodiment 2, rather than the
quantum dot fluorescent powder used in Example 1. The
composition of the non-quantum dot fluorescent powder is
Ba, ssMgAl, O, ,:Eu, ;, (2 h, crystallization temperature is
1300° C.) which can absorb the light having a wavelength of
250 nm to 450 nm. As shown in FIG. 9, the wavelength range
of the emission spectrum thereof is from 400 nm to 530 nm
and the emission peak is at 450 nm.

[0101] The same text according to Example 1 was pre-
formed. Compared with the display device of the prior art, the
brightness of the display device of the Example was increased
by about 8%-48% depending on the concentration of the
quantum dot fluorescent powder used.

[0102] The display device provided by the present inven-
tion includes reflective and transflective display device, in
each of which a special light excitation layer is disposed in an
area corresponding to the reflective area. The light excitation
layer corresponds to at least any one of the red, green and blue
(even yellow) color filter layer, and red light excitation sub-
layer, green light excitation sublayer and blue light excitation
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sublayer (even yellow light excitation sublayer) corresponds
to red filter layer, green filter layer and blue filter layer (even
yellow filter layer), respectively. Thereby, the non-red, non-
green and non-blue light in the external light can be converted
into tricolor light of red, green and blue light (even including
yellow light) through excitation, and the light of other colors
can be filtered by the color filter layers in the color filter
substrate. Thus, other external light such as sunlight can be
utilized more sufficiently. That is to say, compared with the
display devices in the prior art that merely adopt the way of
reflecting the external light into the display devices, the
present invention further adopts the excitation to the light
excitation layer by the external light and utilizes the stimu-
lated light through secondary reflection. Thereby, the utiliza-
tion of the external light is enhanced particularly in the case
that the external light is weak, and the reflective/transflective
liquid crystal display device achieves a higher brightness and
an improved color gamut.

[0103] Furthermore, when the light excitation layer com-
prises the quantum dot fluorescent powder, the color gamut is
improved because the quantum dot fluorescent powder has
narrower emission spectrum and purer color. In addition,
since the quantum dot fluorescent powder has wider excita-
tion spectrum and higher luminous intensity, it emits stronger
stimulated light and exhibits more efficient effect for increas-
ing the brightness of the display device.

[0104] It should be understood that the embodiments
described above are merely the exemplary embodiments for
the purpose of illustrating the principles of the present inven-
tion, which shall not limit the scope of the invention. Various
changes and modifications to the present invention made
without departing from the scope and spirit of invention by a
person skilled in the art should all be covered in the protection
scope of the present invention.

1. A display device comprising a color filter substrate com-
prising a color filter layer, an array substrate and a liquid
crystal layer disposed between the color filter substrate and
the array substrate, characterized in that:

the display device further comprises a reflective layer and
a light excitation layer;

the reflective layer is disposed on the side away from the
liquid crystal layer of the array substrate, the light exci-
tation layer and the color filter substrate are disposed on
the same side of the liquid crystal layer;

the light excitation layer emits stimulated light upon being
excited by external light and the reflective layer is
capable of reflecting the stimulated light to the color
filter layer.
2. The display device according to claim 1, characterized in
that:
the light excitation layer is disposed on the side close to the
liquid crystal layer or the side away from the liquid
crystal layer of the color filter substrate; or
a polaroid is disposed on the side away from the liquid
crystal layer of the color filter substrate and the light
excitation layer is disposed between the polaroid and the
color filter substrate or on the side away from the color
filter substrate of the polaroid.
3. The display device according to claim 1, characterized in
that:

the color filter layer comprises a red filter layer, a green
filter layer and a blue filter layer, and the light excitation
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layer is disposed in an area corresponding to at least one
of the red filter layer, the green filter layer and the blue
filter layer;

the light excitation layer corresponding to the red filter
layer is red light excitation sublayer which absorbs the
light in a wavelength shorter than red band in the exter-
nal light and emits red light, whereas does not absorb red
light in the external light; the light excitation layer cor-
responding to the green filter layer is green light excita-
tion sublayer which absorbs the light in a wavelength
shorter than green band in the external light and emit
green light, whereas does not absorb green light in the
external light; the light excitation layer corresponding to
the blue filter layer is blue light excitation sublayer
which absorbs light in a wavelength shorter than blue
band in the external light and emit blue light, whereas
does not absorb blue light in the external light.

4. The display device according to claim 3, characterized in
that the red light excitation sublayer absorbs the light in a
wavelength shorter than 622 nm and emits red light having a
wavelength in the range of 622 nm to 760 nm; the green light
excitation sublayer absorbs the light in a wavelength shorter
than 492 nm and emits green light having a wavelength in the
range 0of 492 nm to 577 nm; the blue light excitation sublayer
absorbs the light in the wavelength shorter than 435 nm and
emits blue light having a wavelength in the range of 435 nm
to 450 nm.

5. The display device according to claim 3, characterized in
that:

each of the red light excitation sublayer, the green light
excitation sublayer and the blue light excitation sublayer
comprises an quantum dot fluorescent powder, respec-
tively; and

the particle size of the quantum dot fluorescent powder in
the red light excitation sublayer is in the range where the
quantum dot fluorescent powder emits red light; the
particle size of the quantum dot fluorescent powder in
the green light excitation sublayer is in the range where
the quantum dot fluorescent powder emits green light;
and the particle size of the quantum dot fluorescent
powder in the blue light excitation sublayer is in the
range where the quantum dot fluorescent powder emits
blue light.

6. The display device according to claim 5, characterized in
that the particle size of the quantum dot fluorescent powder in
the red light excitation sublayer is in the range of 2.3 nmto 5.5
nm; the particle size of the quantum dot fluorescent powder in
the green light excitation sublayer is in the range of 2.7 nm to
3.5 nm; and the particle size of the quantum dot fluorescent
powder in the blue light excitation sublayer is in the range of
2.0 nm to 2.5 nm.

7. The display device according to claim 3, characterized in
that:

the red light excitation sublayer comprises a non-quantum
dot red light fluorescent powder including blue light
excited red fluorescent powder of alkaline earth metal
sulfides, molybdate red fluorescent powder and tung-
state-based red fluorescent powder; ultraviolet/near
ultraviolet excited molybdate red fluorescent powder,
tungstate-based red fluorescent powder, silicate-based
red fluorescent powder, zinc oxide-based red fluorescent
powder and vanadium phosphate-based red fluorescent
powder;
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the green light excitation sublayer comprises a non-quan-
tum dot green light fluorescent powder including blue
light excited silicate-based green fluorescent powder;
ultraviolet/near ultraviolet excited silicate-based green
fluorescent powder and phosphate-based green fluores-
cent powder; and

the blue light excitation sublayer comprises a non-quantum

dot blue light fluorescent powder including ultraviolet/
near ultraviolet excited aluminate-based blue fluores-
cent powder, borate-based blue fluorescent powder,
chloroborate-based blue fluorescent powder, phosphate-
based blue fluorescent powder and chlorosilicate-based
blue fluorescent powder.

8. The display device according to claim 3, characterized in
that the color filter layer further comprises a yellow filter
layer; the light excitation layer is further disposed in an area
corresponding to the yellow filter layer and the light excita-
tion layer corresponding to the yellow filter layer is yellow
light excitation sublayer which absorbs the light in a wave-
length shorter than yellow band in the external light and emits
yellow light, whereas does not absorb yellow light in the
external light.

9. The display device according to claim 8, characterized in
that:

the yellow light excitation sublayer comprises a quantum

dot fluorescent powder having a particle size in the range
where the quantum dot fluorescent powder emits yellow
light; or

the yellow light excitation sublayer comprises a non-quan-

tum dot yellow light fluorescent powder including blue
light excited aluminate-based yellow fluorescent pow-
der, borate-based yellow fluorescent powder and vana-
date-based yellow fluorescent powder; ultraviolet/near
ultraviolet excited silicate-based yellow fluorescent
powder and yellow fluorescent powder of nitrogen
oxides.

10. The display device according to claim 9, characterized
in that the particle size of the quantum dot fluorescent powder
in the yellow light excitation sublayer is in the range of 3.6 nm
to 4.3 nm.

11. The display device according to claim 1, characterized
in that the light excitation layer is formed by pigment disper-
sion method, printing method or electro deposition method.

12. The display device according to claim 3, characterized
in that:

the display device further comprises a backlight disposed

on the side away from the liquid crystal layer of the array
substrate;
the reflective layer is disposed in an area corresponding to
part of the color filter layer and the area without provid-
ing the reflective layer forms a transmissive area; and

the light emitted by the backlight emits out of the display
device through the transmissive area.

13. The display device according to claim 12, characterized
in that:

the backlight emits white light; the red light excitation

sublayer corresponding to the transmissive area is trans-
parent and the white light passes through the red filter
layer corresponding to the transmissive area and turns
into red light; the green light excitation sublayer corre-
sponding to the transmissive area is transparent and the
white light passes through the green filter layer corre-
sponding to the transmissive area and turns into green
light; the blue light excitation sublayer corresponding to
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the transmissive area is transparent and the white light
passes through the blue filter layer corresponding to the
transmissive area and turns into blue light; or

the backlight emits blue light; the red filter layer corre-
sponding to the transmissive area is transparent and the
red light excitation sublayer corresponding to the trans-
missive area absorbs blue light and emits red light; the
green filter layer corresponding to the transmissive area
is transparent and the green light excitation sublayer
corresponding to the transmissive area absorbs blue
light and emits green light; the blue filter layer corre-
sponding to the transmissive area is transparent; or

the backlight emits ultraviolet/near ultraviolet; the red filter
layer corresponding to the transmissive area is transpat-
ent and the red light excitation sublayer corresponding
to the transmissive area absorbs ultraviolet/near ultra-
violet and emits red light; the green filter layer corre-
sponding to the transmissive area is transparent and the
green light excitation sublayer corresponding to the
transmissive area absorbs ultraviolet/near ultraviolet
and emits green light; the blue filter layer corresponding
to the transmissive area is transparent and the blue light

Feb. 11,2016

excitation sublayer corresponding to the transmissive
area absorbs ultraviolet/near ultraviolet and emits blue

light.

14. The display device according to claim 13, characterized

in that:

the reflective layer is disposed in an area corresponding to
part of the yellow filter layer and the area without pro-
viding the reflective layer forms a transmissive area;

the backlight emits white light; the yellow light excitation
sublayer corresponding to the transmissive area is trans-
parent and the white light passes through the yellow
filter layer corresponding to the transmissive area and
turns into yellow light; or

the backlight emits blue light; the yellow filter layer corre-
sponding to the transmissive area is transparent and the
vellow light excitation sublayer corresponding to the
transmissive area absorbs blue light and emits yellow
light; or

the backlight emits ultraviolet/near ultraviolet; the yellow
filter layer corresponding to the transmissive area is
transparent and the yellow light excitation sublayer cor-
responding to the transmissive area absorbs ultraviolet/
near ultraviolet and emits yellow light.
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