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(57) ABSTRACT

A quantum-dot color filter substrate and a quantum-dot
liquid crystal display panel are disclosed in the present
disclosure. The quantum-dot color filter substrate includes a
glass substrate and a quantum-dot light conversion layer
formed on the glass substrate and including a plurality of
quantum-dot parts arrayed in sequence, wherein the quan-
tum-dot parts include a red quantum-dot part, a green
quantum-dot part and a blue quantum-dot part, and the red
quantum-dot part and the green quantum-dot part contain
infrared quantum-dot materials. In this way, the purity of
lights emitted by a color filter can be improved, and displays
can be made light and thin.
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QUANTUM-DOT COLOR FILTER
SUBSTRATE AND DISPLAY PANEL

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation-applica-
tion of International (PCT) Patent Application No. PCT/
CN2018/101682, filed on Aug. 22, 2018, which claims
foreign priority of Chinese Patent Application No.
201810538862.8, filed on May 30, 2018 in the State Intel-
lectual Property Office of China, the entire contents of which
are hereby incorporated by reference.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate to the
technical field of liquid crystal displays, in particular to a
quantum-dot color filter substrate and a display panel.

BACKGROUND

[0003] The continuous development of the display tech-
nology has led to increasingly higher requirements of people
for the performance of displays, not only in the display effect
such as the color gamut, but also in the appearance such as
the thickness.

[0004] Color filters made from quantum-dot materials can
effectively improve the color gamut of LCDs. However,
quantum-dot color filters generally adopt blue lights to
excite red lights and green lights, and part of the blue lights
penetrating through the color filters may reduce the purity of
emitted red and green lights, consequentially, decreasing the
utilization rate of quantum dots. A barrier layer, used to
absorb blue lights in the quantum-dot color filters, has a
large thickness, which is unfavorable to miniaturization of
LCDs.

[0005] The inventor of this application realized, in the
long-term research and development process, that the purity
of lights emitted by existing color filters is poor, which is
unfavorable for making displays light and thin.

SUMMARY

[0006] The main technical issue to be settled by the
present disclosure is to provide a quantum-dot color filter
substrate and a display panel, which can improve the purity
of lights emitted by color filters, thus being beneficial for
making displays light and thin.

[0007] In order to solve the above technical problem, one
technical solution adopted by the present disclosure is to
provide a quantum-dot color filter substrate, wherein the
quantum-dot color filter substrate comprises: a glass sub-
strate; a quantum-dot light conversion layer, wherein the
quantum-dot light conversion layer is formed on the glass
substrate and comprises a plurality of quantum-dot parts
arrayed in sequence, wherein the quantum-dot parts com-
prise a red quantum-dot part, a green quantum-dot part and
a blue quantum-dot part; wherein the red quantum-dot part
and the green quantum-dot part comprise infrared quantum-
dot materials; each said infrared quantum-dot materials
comprises a quantum-dot core and a stabilizer wrapping the
quantum-dot core, the quantum-dot core is quantum-dot
inorganic matter, and the stabilizer is organic matter; the
infrared quantum-dot materials have a diameter of 1-10 nm.
[0008] In order to solve the above technical problem, one
technical solution adopted by the present disclosure is to
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provide a quantum-dot color filter substrate, wherein the
quantum-dot color filter substrate comprises: a glass sub-
strate; a quantum-dot light conversion layer, wherein the
quantum-dot light conversion layer is formed on the glass
substrate and comprises a plurality of quantum-dot parts
arrayed in sequence, and the quantum-dot parts comprise a
red quantum-dot part, a green quantum-dot part and a blue
quantum-dot part; wherein the red quantum-dot part and the
green quantum-dot part comprise infrared quantum-dot
materials.

[0009] In order to solve the above technical problem, one
technical solution adopted by the present disclosure is to
provide a display panel, wherein the display panel comprises
a quantum-dot color filter substrate, and the quantum-dot
color filter substrate comprises: a glass substrate; a quantum-
dot light conversion layer, wherein the quantum-dot light
conversion layer is formed on the glass substrate and com-
prises a plurality of quantum-dot parts arrayed in sequence,
and the quantum-dot parts comprise a red quantum-dot part,
a green quantum-dot part and a blue quantum-dot part;
wherein the red quantum-dot part and the green quantum-dot
part comprise infrared quantum-dot materials.

[0010] The present disclosure has the following beneficial
effects over the prior art: infrared quantum-dot materials are
added to certain quantum-dot parts (namely a red quantum-
dot part and a green quantum-dot part) to effectively absorb
blue lights penetrating through the red quantum-dot part and
the green quantum-dot part and serving as a quantum-dot
excitation source, so that the purity of red and green lights
emitted by a quantum-dot color filter can be improved, and
the product quality can also be improved; and meanwhile,
since the infrared quantum-dot materials have a good
absorption effect on the blue lights serving as the quantum-
dot excitation source, there is no limitation in the thickness
or consumption on the infrared quantum-dot materials, so
that displays can be made light and thin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a structural view of one embodiment of a
quantum-dot color filter substrate of the present disclosure;
[0012] FIG. 2 is a structural view of one embodiment of
the cross section of the quantum-dot color filter substrate in
FIG. 1;

[0013] FIG. 3 is a structural view of another embodiment
of the cross section of the quantum-dot color filter substrate
in FIG. 1;

[0014] FIG. 4 is a structural view of a third embodiment
of the cross section of the quantum-dot color filter substrate
in FIG. 1,

[0015] FIG. 5 is a structural view of one embodiment of a
display panel of the present disclosure.

DETAILED DESCRIPTION

[0016] A clear and complete description of the technical
solutions provided by embodiments of the present disclosure
is given below with reference to the accompanying draw-
ings. Apparently, the embodiments described below are only
certain illustrative ones, but do not include all possible
embodiments of the present disclosure. All other embodi-
ments obtained by those ordinarily skilled in this field based
on these illustrative embodiments without creative labor
should also fall within the protection scope of the present
disclosure.
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[0017] Please refer to FIG. 1 which is a structural view of
one embodiment of a quantum-dot color filter substrate of
the present disclosure. As shown in FIG. 1, the quantum-dot
color filter substrate may include:

[0018] a glass substrate 100 and a quantum-dot light
conversion layer 200, wherein the quantum-dot light con-
version layer 200 may be formed on the glass substrate 100
and include a plurality of quantum-dot parts which are
arrayed in sequence. The quantum-dot parts can include a
red quantum-dot part 211, a green quantum-dot part 213 and
a blue quantum-dot part 212, wherein the red quantum-dot
part 211 and the green quantum-dot part 213 may include
infrared quantum-dot materials.

[0019] In this embodiment, the infrared quantum-dot
materials added to sub-pixel parts of the quantum-dot parts,
namely the red quantum-dot part 211 and the green quan-
tum-dot part 213, can effectively absorb blue lights pen-
etrating through the red quantum-dot part 211 and the green
quantum-dot part 213 and serving as a quantum-dot excita-
tion source, so that the purity of red and green lights emitted
by a quantum-dot color filter can be improved, and the
product quality can be improved; and meanwhile, since the
infrared quantum-dot materials have a good absorption
effect on the blue lights serving as the quantum-dot excita-
tion source, there is no limitation in the thickness or con-
sumption of the infrared quantum-dot materials, so that
displays can be made light and thin.

[0020] In one embodiment, the quantum-dot color filter
substrate may further include a plurality of black matrices
220 used to separate the sub-pixel parts of the quantum-dot
parts from one another, and the black matrices 220 each have
a cross section in the shape of an inverted trapezoid.

[0021] The infrared quantum-dot materials can be distrib-
uted on the red quantum-dot part 211 and the green quan-
tum-dot part 213 in various manners.

[0022] In one embodiment, referring to FIG. 2 which is a
structural view of one embodiment of the cross section of the
quantum-dot color filter substrate in FIG. 1, the red quan-
tum-dot part 211 and the green quantum-dot part 213 may
include infrared quantum-dot materials, and particularly, the
infrared quantum-dot materials can be mixed in raw mate-
rials of the red quantum-dot part 211 and raw materials of
the green quantum-dot part 213, so that the red quantum-dot
part 211 and the green quantum-dot part 213 can be prepared
through a coating process or a deposition process.

[0023] The quantity of the infrared quantum-dot materials
added to the red quantum-dot part 211 and the green
quantum-dot part 213 has a significant influence on the
absorption effect on the blue lights serving as the quantum-
dot excitation source. In order to obtain a good blue light
absorption effect and to prevent the infrared quantum-dot
materials from agglomeration, which may otherwise effect
the stability of the infrared quantum-dot materials, it is
necessary to add a proper quantity of infrared quantum-dot
materials to the raw materials of the red quantum-dot part
211 and to add a proper quantity of infrared quantum-dot
materials to the raw materials of the green quantum-dot part
213. Correspondingly, a mass fraction of the infrared quan-
tum-dot materials in the raw materials of the red quantum-
dot part 211 may be 0.1%-20%, such as 0.1%, 1%, 5%, 10%
or 20%, and a mass fraction of the infrared quantum-dot
materials in the raw materials of the green quantum-dot part
213 may be 0.1%-20%, such as 0.1%, 1%, 5%, 10% or 20%.
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[0024] Furthermore, referring to FIG. 2 again, the quan-
tum-dot color filter substrate may further include a pla-
narization layer 300 covering the quantum-dot light conver-
sion layer 200. The planarization layer 300 can be made
from a transparent material, which can be an epoxy resin
high-polymer material or polymethyl methacrylate and is
used to improve the surface smoothness of the quantum-dot
color filter substrate and to protect the quantum-dot light
conversion layer 200.

[0025] In another embodiment, referring to FIG. 3 which
is a structural view of another embodiment of the cross
section of the quantum-dot color filter substrate in FIG. 1,
the quantum-dot color filter substrate can further include a
first infrared quantum-dot material layer 214 formed
between the glass substrate 100 and the red quantum-dot
part 211 and a second infrared quantum-dot material layer
215 formed between the glass substrate 100 and the green
quantum-dot part 213. Particularly, besides the red quantum-
dot part 211 and the green quantum-dot part 213, the first
infrared quantum-dot material layer 214 between the glass
substrate 100 and the red quantum-dot part 211 and the
second infrared quantum-dot material layer 215 between the
glass substrate 100 and the green quantum-dot part 213 also
include infrared quantum-dot materials. The infrared quan-
tum-dot materials distributed in the red quantum-dot part
211 and the first infrared quantum-dot material layer 214 can
better absorb the blue lights serving as the quantum-dot
excitation source, thus, improving the purity of emitted red
lights. Similarly, the infrared quantum-dot materials distrib-
uted in the green quantum-dot part 213 and the second
infrared quantum-dot material layer 215 can better absorb
the blue lights serving as the quantum-dot excitation source,
thus, improving the purity of emitted green lights.

[0026] Furthermore, the thickness of the first infrared
quantum-dot material layer 214 and the thickness of the
second infrared quantum-dot material layer 215 can be
adjusted by regulating the concentration and/or granularity
of the infrared quantum-dot materials. Particularly, within a
certain range, the absorption effect of the infrared quantum-
dot materials on the blue lights serving as the quantum-dot
excitation source can be gradually improved with the
increase of the concentration and granularity of the infrared
quantum-dot materials.

[0027] Furthermore, in order to obtain a good blue light
absorption effect and to decrease the thickness of the quan-
tum-dot color filter substrate, the thickness of the first
infrared quantum-dot material layer 214 and thickness of the
second infrared quantum-dot material layer 215 may not be
over 2 um, such as 1 pm, 1.2 um, 1.4 um, 1.6 um, 1.8 pm
or 2 um. The thickness of the first infrared quantum-dot
material layer 214 and thickness of the second infrared
quantum-dot material layer 215 are identical or different. In
one embodiment, the thickness of the first infrared quantum-
dot material layer 214 and thickness of the second infrared
quantum-dot material layer 215 are identical, so that the
production process can be simplified, and the production
cost can be reduced. Of course, the first infrared quantum-
dot material layer 214 and the second infrared quantum-dot
material layer 215 can have difference thicknesses according
to requirements for the display effect.

[0028] In one embodiment, referring to FIG. 4 which is a
structural view of a third embodiment of the cross section of
the quantum-dot color filter substrate in FIG. 1, the red
quantum-dot part 211 may include a first infrared quantum-
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dot material layer 2112 and a red quantum-dot color layer
2111, and the green quantum-dot part 213 may include a
second infrared quantum-dot material layer 2132 and a
green quantum-dot color layer 2131. The first infrared
quantum-dot material layer 2112 can be formed between the
glass substrate 100 and the red quantum-dot color layer
2111. The second infrared quantum-dot material layer 2132
can be formed between the glass substrate 100 and the green
quantum-dot color layer 2131.

[0029] In another embodiment, infrared quantum-dot
materials may be distributed in the red quantum-dot part 211
and the green quantum-dot part 213 in a same manner, so
that the preparation process of the quantum-dot color filter
substrate can be simplified, and the production efficiency can
be improved.

[0030] In one embodiment, each infrared quantum-dot
material may be of a core-shell structure and include a
quantum-dot core and a stabilizer wrapping the quantum-dot
core. The quantum-dot core can be quantum-dot inorganic
matter, and the stabilizer can be organic matter. Particularly,
the quantum-dot core may include one or the combination of
more than two selected from Cd, Cu, Ag, Pb, Si and Zn
quantum-dot inorganic compounds, and the stabilizer may
include one or the combination of more than two selected
from mercaptoacetic acid, mercaptoethylamine and cysteine
and can be used to stabilize the structure of the infrared
quantum-dot materials and to regulate the polarity of the
infrared quantum-dot materials.

[0031] The granularity of the infrared quantum-dot mate-
rials can have a significant influence on the blue light
absorption effect due to the fact that infrared quantum-dot
materials with different granularities have different absorp-
tion spectrums. The absorption spectrum of the infrared
quantum-dot materials can be adjusted by adjusting the
granularity of the infrared quantum-dot materials so as to
enhance blue light absorption and to weaken green and red
light absorption, so that the blue lights serving as the
quantum-dot excitation source can be effectively absorbed,
and the purity of the red and green lights emitted by the
quantum-dot color filter can be improved. Furthermore, the
infrared quantum-dot materials may have a diameter of 1-10
nm, such as 1 nm, 3 nm, 5 nm, 7 nm, 9 nm or 10 nm.

[0032] Of course, in order to obtain different quantum-dot
color filter substrates or even different areas of one quantum-
dot color filter substrate to better meet the requirements of
different users, the infrared quantum-dot materials can be
distributed in different manners or can have different granu-
larities and concentrations.

[0033] Please refer to FIG. 5 which is a structural view of
one embodiment of a display panel of the present disclosure.
As shown in FIG. 5, the display panel 1 may include the
quantum-dot color filter substrate 10 in any one of the
embodiments mentioned above. In this embodiment, the
display panel 1 is used for manufacturing a quantum-dot
liquid crystal display, wherein the quantum-dot liquid crys-
tal display can be applied to terminals such as mobile
phones, tablet computers, or televisions. In one embodiment,
the quantum-dot liquid crystal display is a television with a
large size over 70 inches, such as 88 inches or 108 inches.
By adoption of the quantum-dot color filter substrate 10, a
good display effect can be obtained, and the large-sized
television can be made light and thin and can better meet the
requirements of users.
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[0034] 1In conclusion, as for the quantum-dot color filter
substrate and the quantum-dot liquid crystal display panel
disclosed by the present disclosure, the quantum-dot color
filter substrate may include the glass substrate and the
quantum-dot light conversion layer formed on the glass
substrate and comprising the plurality of quantum-dot parts
arrayed in sequence, and the quantum-dot parts include the
red quantum-dot part, the green quantum-dot part and the
blue quantum-dot part, wherein the red quantum-dot part
and the green quantum-dot part include the infrared quan-
tum-dot materials. In this way, the purity of lights emitted by
a color filter can be improved, and displays can be made
light and thin.

[0035] The above description is only used to explain
certain embodiments of the present disclosure, but is not
intended to limit the patent scope of the present disclosure.
All equivalent structures or equivalent flow transformations
based on the contents in the specification and accompanying
drawings, or direct or indirect applications to other relevant
technical fields should also fall within the patent protection
scope of this disclosure.

What is claimed is:

1. A quantum-dot color filter substrate, wherein the quan-
tum-dot color filter substrate comprises:

a glass substrate;

a quantum-dot light conversion layer, wherein the quan-
tum-dot light conversion layer is formed on the glass
substrate and comprises a plurality of quantum-dot
parts arrayed in sequence, wherein the quantum-dot
parts comprise a red quantum-dot part, a green quan-
tum-dot part and a blue quantum-dot part;

wherein the red quantum-dot part and the green quantum-
dot part comprise infrared quantum-dot materials;

each said infrared quantum-dot materials comprises a
quantum-dot core and a stabilizer wrapping the quan-
tum-dot core, the quantum-dot core is quantum-dot
inorganic matter, and the stabilizer is organic matter;

the infrared quantum-dot materials have a diameter of
1-10 nm.

2. The substrate according to claim 1, wherein the infrared
quantum-dot materials are mixed in raw materials of the red
quantum-dot part and raw materials of the green quantum-
dot part.

3. The substrate according to claim 2, wherein the infrared
quantum-dot materials in the raw materials of the red
quantum-dot part have a mass fraction of 0.1%-20%, and the
infrared quantum-dot materials in the raw materials of the
green quantum-dot part have a mass fraction of 0.1%-20%.

4. The substrate according to claim 1, wherein the red
quantum-dot part comprises a first infrared quantum-dot
material layer and a red quantum-dot color layer, and the
first infrared quantum-dot material layer is formed between
the glass substrate and the red quantum-dot color layer;

the green quantum-dot part comprises a second infrared
quantum-dot material layer and a green quantum-dot
color layer, and the second infrared quantum-dot mate-
rial layer is formed between the glass substrate and the
green quantum-dot color layer.

5. The substrate according to claim 4, wherein a thickness
of the first infrared quantum-dot material layer and a thick-
ness of the second infrared quantum-dot material layer can
be adjusted by regulating a concentration and/or granularity
of the infrared quantum-dot materials.
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6. The substrate according to claim 4, wherein a thickness
of the first infrared quantum-dot material layer and a thick-
ness of the second quantum-dot material layer are not over
2 um.

7. A quantum-dot color filter substrate, wherein the quan-
tum-dot color filter substrate comprises:

a glass substrate;

a quantum-dot light conversion layer, wherein the quan-
tum-dot light conversion layer is formed on the glass
substrate and comprises a plurality of quantum-dot
parts arrayed in sequence, and the quantum-dot parts
comprise a red quantum-dot part, a green quantum-dot
part and a blue quantum-dot part;

wherein the red quantum-dot part and the green quantum-
dot part comprise infrared quantum-dot materials.

8. The substrate according to claim 7, wherein the infrared
quantum-dot materials are mixed in raw materials of the red
quantum-dot part and raw materials of the green quantum-
dot part.

9. The substrate according to claim 8, wherein the infrared
quantum-dot materials in the raw materials of the red
quantum-dot part have a mass fraction of 0.1%-20%, and the
infrared quantum-dot materials in the raw materials of the
green quantum-dot part have a mass fraction of 0.1%-20%.

10. The substrate according to claim 7, wherein the red
quantum-dot part comprises a first infrared quantum-dot
material layer and a red quantum-dot color layer, and the
first infrared quantum-dot material layer is formed between
the glass substrate and the red quantum-dot color layer;

the green quantum-dot part comprises a second infrared
quantum-dot material layer and a green quantum-dot
color layer, and the second infrared quantum-dot mate-
rial layer is formed between the glass substrate and the
green quantum-dot color layer.

11. The substrate according to claim 10, wherein a thick-
ness of the first infrared quantum-dot material layer and a
thickness of the second infrared quantum-dot material layer
can be adjusted by regulating a concentration and/or granu-
larity of the infrared quantum-dot materials.

12. The substrate according to claim 10, wherein a thick-
ness of the first infrared quantum-dot material layer and a
thickness of the second quantum-dot material layer are not
over 2 um.

13. The substrate according to claim 7, wherein each said
infrared quantum-dot materials comprises a quantum-dot
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core and a stabilizer wrapping the quantum-dot core, the
quantum-dot core is quantum-dot inorganic matter, and the
stabilizer is organic matter.

14. The substrate according to claim 13, wherein the
quantum-dot core coniprise one or a combination of more
than two selected from Cd, Cu, Ag, Pb, Si and Zn quantum-
dot inorganic compounds, and the stabilizer comprises one
or a combination of more than two selected from mercap-
toacetic acid, mercaptoethylamine and cysteine.

15. The substrate according to claim 7, wherein the
infrared quantum-dot materials have a diameter of 1-10 nm.

16. A display panel, wherein the display panel comprises
a quantum-dot color filter substrate, and the quantum-dot
color filter substrate comprises:

a glass substrate;

a quantum-dot light conversion layer, wherein the quan-
tum-dot light conversion layer is formed on the glass
substrate and comprises a plurality of quantum-dot
parts arrayed in sequence, and the quantum-dot parts
comprise a red quantum-dot part, a green quantum-dot
part and a blue quantum-dot part;

wherein the red quantum-dot part and the green quantum-
dot part comprise infrared quantum-dot materials.

17. The display panel according to claim 16, wherein the
infrared quantum-dot materials are mixed in raw materials
of the red quantum-dot part and raw materials of the green
quantum-dot part.

18. The display panel according to claim 16, wherein the
red quantum-dot part comprises a first infrared quantum-dot
material layer and a red quantum-dot color layer, and the
first infrared quantum-dot material layer is formed between
the glass substrate and the red quantum-dot color layer;

the green quantum-dot part comprises a second infrared
quantum-dot material layer and a green quantum-dot
color layer, and the second infrared quantum-dot mate-
rial layer is formed between the glass substrate and the
green quantum-dot color layer.

19. The display panel according to claim 18, wherein a
thickness of the first infrared quantum-dot material layer and
a thickness of the second quantum-dot material layer are not
over 2 um.

20. The display panel according to claim 16, wherein each
said infrared quantum-dot materials comprises a quantum-
dot core and a stabilizer wrapping the quantum-dot core, the
quantum-dot core is quantum-dot inorganic matter, and the
stabilizer is organic matter.

* ok % k&



BiES

[FRIER 1 (TR A (i)
B (E RN A (i)

54 B R (BRI A (F)
[FRIRE A

RAAN

IPCH %S
CPCH %5
1R AR
HhEREESE

BEG®)

BRARTT —HETR
REERERTERBERNERERBER LHSESMRINF 5
NEFRIBINEFIAKRE  H  EFREIEFELCETRE
Bo GBEFIRBINECETFIHS , ARIBETIIINEE
BETREBIVELANEBTRIB, X, TURSREH K HN XA
E , FRAUEE REEE,

BT RIBEHRERNE RER

US20190369438A1 NI (»&E)B

US16/207227 FER
R E X BEARBRAT

FERXEEXBREARATF.
FERXEEXBREERLF.

HUANG CHANG CHIH

HUANG, CHANG-CHIH
YANG, CHAOQUN

GO02F1/1335 G02B5/20
G02F2202/36 G02F1/133514 G02B5/201 G02F2201/083
201810538862.8 2018-05-30 CN

Espacenet USPTO

2019-12-05

2018-12-03

patsnap

FeRAFERNEFSRSZETHR. BF

100



https://share-analytics.zhihuiya.com/view/42debc8f-6a80-4b26-9911-73979bcc3153
https://worldwide.espacenet.com/patent/search/family/068695471/publication/US2019369438A1?q=US2019369438A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190369438%22.PGNR.&OS=DN/20190369438&RS=DN/20190369438

