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(57) ABSTRACT

A reflective liquid crystal panel including a first substrate
and a second substrate disposed opposite to each other and
a liquid crystal layer. A reflection layer is provided on the
first substrate, and a polarizing plate is provided the second
substrate. A unidirectional wavelength converting layer and
a quantum dot thin film layer are sequentially laminated
between the second substrate and the liquid crystal layer.
The unidirectional wavelength conversion layer made of an
up conversion material is used to convert the incident
ambient light into a blue light or an ultraviolet light. The
quantum dot thin film layer includes a plurality of light
emitting areas which are arranged in array and can be
excited to emit light with different colors. A display device
including the reflective liquid crystal panel as mentioned
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GO2F 1/1335 (2006.01)
GO2F 1/133 (2006.01) above is also disclosed.
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REFLECTIVE LIQUID CRYSTAL PANEL
AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to technical field of
liquid crystal display, more particularly, to a reflective liquid
crystal panel, and also relates to a display device including
the reflective liquid crystal panel.

BACKGROUND ART

[0002] Nowadays, the liquid crystal display (LCD) has
become the mainstream product on market because of its
excellent performance and mature technology. The liquid
crystal panel is a key component in a liquid crystal display
device. The liquid crystal panel is mainly composed of a
color film substrate and an array substrate, and the liquid
crystal is filled between the color film substrate and the array
substrate to constitute a liquid crystal cell. The liquid crystal
panel can be classified into a transmissive type, a reflective
type and a transflective type (also known as a semi-trans-
missive/semi-reflection type) according to the type of light
source. A transmissive liquid crystal panel mainly uses a
backlight as the light source, and the backlight is provided
behind the liquid crystal panel. The pixel electrodes on the
array substrate are transparent electrodes and are used as a
transmission area, which may facilitate light of the backlight
to transmit through the liquid crystal layer to display an
image. A reflective liquid crystal panel mainly uses a front-
light or a natural light as the light source, and the array
substrate thereof uses metal or other reflection electrodes
with materials having good reflection properties as a reflec-
tion area, which is suitable for reflecting the light of the
frontlight or the natural light source. A transflective liquid
crystal display panel can be regarded as a combination of the
transmissive and reflective liquid crystal display panels, and
the array substrate is provided with both a reflection area and
a transmission area, which can use the backlight and the
frontlight or an external light source at the same time for
displaying an image.

[0003] The advantage of the reflective liquid crystal panel
lies in its capability of using the external light source, and its
relatively low power consumption. As shown in FIG. 1, the
existing reflective liquid crystal panel includes an array
substrate 1, a liquid crystal layer 2 and a color film substrate
3. The liquid crystal layer 2 is arranged between the color
film substrate 3 and the array substrate 1, the color film
substrate 3 is provided with a polarizing plate 4 thereon, and
the array substrate 1 is provided with a reflection layer 5
thereon. Normally, the array substrate 1 is further provided
with structures such as thin film transistors, pixel electrodes,
gate lines, data lines, etc. (not shown in FIG. 1), and
generally, the color film substrate 3 is further provided with
structures such as a color photoresist, a black matrix, etc.
(not shown in FIG. 1). The liquid crystal panel realizes
display through the following procedures: first, an ambient
light passes through the polarizing plate 4, the color film
substrate 3 and the liquid crystal layer 2 to reach the
reflection layer 5; and then the light is reflected by the
reflection layer 5, and passes through the liquid crystal layer
2, the color film substrate 3 and the polarizing plate 4 again
to achieve the purpose of display.

[0004] In the liquid crystal panel, the light loss in the color
film substrate 3 is relatively large, and in the above display
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process, the ambient light should pass through the color film
substrate 3 for two times. It can be understood that, only a
small portion of the ambient light can pass through the color
film substrate 3 for two times to realize the display, hence
utilization rate of the ambient light is relatively low, causing
insufficient brightness and relatively low contrast of the
image displayed by the liquid crystal panel.

SUMMARY

[0005] In view of this, the object of the present disclosure
is to provide a reflective liquid crystal panel which can
improve the utilization rate of the ambient light, and can
increase the brightness and contrast of the reflective liquid
crystal panel.

[0006] Inorderto achieve the above purpose, the technical
solution applied in the present disclosure is as follows.
[0007] A reflective liquid crystal panel comprises a first
substrate and a second substrate disposed opposite to each
other and a liquid crystal layer disposed between the first
substrate and the second substrate. A reflection layer is
provided on a side, which is close to the liquid crystal layer,
of the first substrate, and a polarizing plate is provided on a
side, which is away from the liquid crystal layer, of the
second substrate, wherein in a direction from the second
substrate towards the liquid crystal layer, a unidirectional
wavelength converting layer and a quantum dot thin film
layer are sequentially laminated between the second sub-
strate and the liquid crystal layer, and wherein the unidirec-
tional wavelength conversion layer made of an up conver-
sion material is used to convert the incident ambient light
into a blue light or an ultraviolet light so as to be provided
to the quantum dot thin film layer; and the quantum dot thin
film layer comprises a plurality of light emitting areas which
are arranged in array and can be excited to emit lights having
different colors, and each light emitting area corresponds to
a sub pixel in the liquid crystal panel.

[0008] The quantum dot thin film layer array is provided
with a first light emitting area, a second light emitting area
and a third light emitting area. The first light emitting area
emits a red light when being exited, which corresponds to a
red sub-pixel in the liquid crystal panel; the second light
emitting area emits a green light when being exited, which
corresponds to a green sub-pixel in the liquid crystal panel;
and the third light emitting area is configured to be pen-
etrated by an incident light, which corresponds to the blue
sub-pixel in the liquid crystal panel.

[0009] Different light emitting areas may be excited to
emit lights of different colors by controlling a size or a
material type of the quantum dot in the light emitting area.
[0010] The material of the quantum dot is a semiconductor
material which is selected from at least one of CdS, CdSe,
CdTe, ZnSe, InP and InAs.

[0011] The number of the unidirectional wavelength con-
version layers is two or more.

[0012] The reflective liquid crystal panel further com-
prises a light extraction layer which is arranged on the
polarizing plate. The light extraction layer comprises a
transparent base body, and a micro structure layer having a
light extraction function is provided on a side, which is away
from the polarizing plate, of the transparent base body.
[0013] The micro structure layer having the light extract-
ing function is provided with a micro prism, an optical
grating or micro structures arranged in array and having a
conical, a cylindrical and/or a spherical shape.
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[0014] A material of the transparent base body is an
organic material and/or an inorganic material.

[0015] The light extraction layer is also provided with an
anti-reflection film thereon which is coated on the micro
structure layer.

[0016] The present disclosure also provides a display
device including the above-mentioned reflective liquid crys-
tal panel and a driving module, and the driving module
transmits driving signals to the reflective liquid crystal panel
so that the reflective liquid crystal panel may display an
image.

[0017] The reflective liquid crystal panel and display
device provided in the embodiment of the present disclosure
adopt the quantum dot thin film layer to replace the color
film substrate in the prior art, thereby improving the trans-
mittance of the panel, also, a unidirectional wavelength
converting layer is used therein to convert the external
ambient light into the blue light or ultraviolet light having a
short wavelength, then the blue light or ultraviolet light
having the short wavelength excites the quantum dot thin
film layer to generate a red light and a blue light, thereby
improving the utilization of the ambient light by the reflec-
tive liquid crystal panel. Further, in some preferred embodi-
ments, the provided reflective liquid crystal panel is also
provided with a light extraction layer, and the light extrac-
tion layer is provided with a micro structure having a light
extraction function and coated with an anti-reflection film,
which not only improves the incidence efficiency of the
external ambient light, but also improves the light emitting
efficiency of the light that is reflected within the liquid
crystal panel, thereby further improving the utilization of the
ambient light by the reflective liquid crystal panel, so that
the brightness and contrast of the reflective liquid crystal
panel can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a structure diagram of an existing reflec-
tive liquid crystal panel;

[0019] FIG. 2 is a structure diagram of a reflective liquid
crystal panel provided by an embodiment of the present
disclosure;

[0020] FIG. 3 is a structure diagram of a unidirectional
wavelength converting layer provided in an embodiment of
the present disclosure;

[0021] FIG. 4 is a structure diagram of a quantum dot thin
film layer provided in an embodiment of the present disclo-
sure;

[0022] FIG. 5 is a structure diagram of a micro structure
layer provided in an embodiment of the present disclosure;
and

[0023] FIG. 6 is a structure diagram of a display device
provided by an embodiment of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0024] In order for the purpose, technical solution and
advantages of the present disclosure to be more clear and
easy to be understood, detailed description on the embodi-
ments of the present disclosure will be further conducted
below in conjunction with the drawings. The preferred
embodiments are exemplified in the drawings. The embodi-
ments of the present disclosure as shown in the drawings and
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as described according to the drawings are only exemplified,
and the present disclosure is not limited to these embodi-
ments.

[0025] Here, it is also worthy to note that, in order to
prevent the present disclosure from being obscured due to
unnecessary details, the drawings only illustrate the struc-
ture and/or processing steps closely related to the technical
solution of the present disclosure, while other details less
related to the present disclosure are omitted.

[0026] The present embodiment provides a reflective lig-
uid crystal panel, as shown in FIG. 2, the reflective liquid
crystal panel 100 includes a first substrate 10 and a second
substrate 20 disposed opposite to each other and a liquid
crystal layer 30 disposed between the first substrate 10 and
the second substrate 20. A reflection layer 40 is provided on
a side, which is close to the liquid crystal layer 30, of the first
substrate 10, and a polarizing plate 50 is provided on a side,
which is away from the liquid crystal layer 30, of the second
substrate 20.

[0027] It is worthy to note that, the first substrate 10 is a
thin film transistor array substrate, and the array substrate is
generally provided with structures such as thin film transis-
tors, pixel electrodes, gate lines, data lines, etc., and these
structures can be provided in the solutions of the present
disclosure with reference to the prior art, which will not be
further described.

[0028] In the reflective liquid crystal panel 100 provided
in the present embodiment, as shown in FIG. 2, in a direction
from the second substrate 20 towards the liquid crystal layer
30, a unidirectional wavelength converting layer 60 and a
quantum dot thin film layer 70 are sequentially laminated
between the second substrate 20 and the liquid crystal layer
30.

[0029] The unidirectional wavelength conversion layer 60
is made of an up conversion material which is used to
convert the incident ambient light into a blue light or an
ultraviolet light so as to be provided to the quantum dot thin
film layer 70. The up conversion material has characteristics
of converting the light with longer wavelength and lower
energy into the light with shorter wavelength and higher
energy. In this embodiment, the unidirectional wavelength
conversion layer 60 mainly converts the incident ambient
light to a blue light or an ultraviolet light with short
wavelength. If the conversion to the light with the target
wavelength cannot be achieved by using only one layer of
the unidirectional wavelength conversion layer 60, multiple
layers of the unidirectional wavelength converting layers 60
can be provided, such as the structure as shown in FIG. 3,
the unidirectional wavelength converting layer 60 may
include first conversion layer 61 and the second conversion
layer 62 laminated with each other, and the multiple unidi-
rectional wavelength converting layers 60 gradually convert
the wavelength of the incident light into more short one,
until a light with a target wavelength is acquired.

[0030] Referring to FIG. 4, the quantum dot thin film layer
70 comprises a plurality of light emitting areas 70a, 705 and
70¢ which are arranged in array and can be excited to emit
lights of different colors, and each of the light emitting areas
70a, 705 and 70c¢ corresponds to a sub pixel in the liquid
crystal panel.

[0031] Specifically, in the present embodiment, as shown
in FIG. 4, the quantum dot thin film layer 70 array is
provided with a first light emitting area 70q, a second light
emitting area 705 and a third light emitting area 70c. The
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first light emitting area 70a emits a red light when being
exited, which corresponds to a red sub-pixel in the liquid
crystal panel, the second light emitting area 705 emits a
green light when being exited, which corresponds to a green
sub-pixel in the liquid crystal panel, and the third light
emitting area 70c is configured to be penetrated by an
incident light, which corresponds to the blue sub-pixel in the
liquid crystal panel. Regarding the first light emitting region
70a, after the blue light or the ultraviolet light formed
through the conversion by the unidirectional wavelength
converting layer 60 is incident to the first light emitting area
70a, the first light emitting area 70a is excited to emit the red
light. Then, the red light passes through the liquid crystal
layer 30 to reach the reflection layer 40 so as to be reflected,
and the reflected red light is incident to the first light
emitting area 70a again and is emitted to the external
environment, wherein a part of light with short wavelength
doped in the red light may excite the first light emitting area
70a again to emit more red light. The process of the second
light emitting area 705 being excited to emit the green light
is similar to the first light emitting area 70a. Regarding the
third light emitting area 70c¢, after the blue light or the
ultraviolet light formed through the conversion by the uni-
directional wavelength converting layer 60 is incident to the
third light emitting area 70c, the blue light or the ultraviolet
light penetrates the third light emitting area 70c¢, and does
not excite any light having other colors. The blue light or the
ultraviolet light passes through the third light emitting area
70c again after being reflected by the reflection layer 40, and
is emitted to the external environment.

[0032] By controlling the liquid crystal deflection in the
liquid crystal layer 30 corresponding to the respective first,
second and third light emitting areas 70a, 706 and 70c¢ by
thin film transistors arranged in the first substrate 10, the
components of light in the first, second and third light
emitting areas 70a, 705 and 70¢, which can pass through the
polarizing plate 50 after being reflected, can be controlled,
thereby achieving the image display of the reflective liquid
crystal panel 100.

[0033] The reflective liquid crystal panel provided above
adopts the quantum dot thin film layer to replace the color
film substrate in the prior art, which improves the transmit-
tance of the panel, and a unidirectional wavelength convert-
ing layer is used therein to convert the external ambient light
into the blue light or ultraviolet light having a short wave-
length, then the blue light or ultraviolet light having the short
wavelength excites the quantum dot thin film layer to
generate a red light and a blue light, thereby improving the
utilization of the ambient light used by the reflective liquid
crystal panel.

[0034] Referring to FIG. 4, by controlling the size or the
material type of the quantum dot 701 in the light emitting
areas 70a, 7056 and 70c, different light emitting areas 70a,
706 and 70c may be excited to emit light with different
colors. Specifically speaking, as shown in FIG. 4, the
quantum dots 701 having different sizes are provided respec-
tively in the first light emitting area 70a and the second light
emitting area 704, so that the first light emitting area 70a and
the second light emitting area 706 may be excited respec-
tively to emit red light and green light, while the third light
emitting area 70c is not provided with the quantum dot 701,
hence the incidence of the blue light or ultraviolet light into
the third light emitting area 70c does not excite any light
with other colors. Specifically speaking, the material of the
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quantum dot 701 is a semiconductor material which is
selected from at least one of CdS, CdSe, CdTe, ZnSe, InP
and InAs.

[0035] In order to further improve the utilization of the
ambient light, as shown in FIG. 2, the reflective liquid
crystal panel 100 provided by the present embodiment
further comprises a light extraction layer 80 which is
arranged on the polarizing plate 50. The light extraction
layer 50 comprises a transparent base body 81, and a micro
structure layer 82 having a light extraction function is
provided on a side, which is away from the polarizing plate
50, of the transparent base body 81. Specifically speaking, a
material of the transparent base body 81 can be an organic
material (such as an organic small molecular material like
the amine derivate) and/or an inorganic material (such as
zinc selenide and so on). As shown in FIG. 5, the micro
structure layer 82 having the light extracting function is
provided with a micro prism, an optical grating or micro
structures 82a arranged in array and having a conical, a
cylindrical and/or a spherical shape. Furthermore, in the
present embodiment, as shown in FIG. 2, the light extraction
layer 80 is also provided with an anti-reflection film 90
thereon, and the anti-reflection film 90 is coated on the micro
structure layer 82. Since the light extraction layer 80 is
provided with a micro structure 82a having a light extraction
function and coated with an anti-reflection film 90, it may
not only improve the incidence efficiency of the external
ambient light, but also improve the light emitting efficiency
of the light that is reflected within the liquid crystal panel,
thereby further improving the utilization of the ambient light
by the reflective liquid crystal panel, so that the display
brightness and contrast of the reflective liquid crystal panel
can be increased.

[0036] As shown in FIG. 6, the embodiment of the present
disclosure also provides a display device comprising a
reflective liquid crystal panel 100 and a drive module 200
provided above in present embodiment, wherein the driving
module 200 is used to drive signals to the reflective liquid
crystal panel 100 so that the reflective liquid crystal panel
100 may display an image. The display device of the present
disclosure uses ambient light to display, thereby lowering
the power consumption and increasing the utilization of the
ambient light, so that the display quality is improved.
[0037] It should be explained that the relationship terms,
such as first and second, etc., in the present application are
only used for distinguishing one entity or operation from
another entity or operation without requiring or implying
any actual relation or sequence existing between these
entities or operations. Moreover, the term “include”, “con-
tain” or any other variant means covering instead of exclu-
sively including, so that the process, method, object or
device including a series of factors not only includes those
factors, but also includes other factors that are not explicitly
listed, or further include inherent factors for this process,
method, object or device. In a case of no more limitations
being provided, the factors defined by the expression
“include one . . . ” do not exclude additional identical factors
existing in the process, method, object or device which
includes the factors.

[0038] The above statements are only the specific embodi-
ments of the present application. It should be pointed out
that improvements and modification can be made by those
ordinary skilled in the art without breaking away from the
principle of the present application, also those improve-
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ments and modification should be considered as the protec-
tion scope of the present application.

What is claimed:

1. A reflective liquid crystal panel comprising a first
substrate and a second substrate disposed opposite to each
other and a liquid crystal layer disposed between the first
substrate and the second substrate, a reflection layer being
provided on a side, which is close to the liquid crystal layer,
of the first substrate, and a polarizing plate being provided
on a side, which is away from the liquid crystal layer, of the
second substrate,

wherein, in a direction from the second substrate to the

liquid crystal layer, a unidirectional wavelength con-
verting layer and a quantum dot thin film layer are
sequentially laminated between the second substrate
and the liquid crystal layer, and

wherein the unidirectional wavelength conversion layer

made of an up conversion material is used to convert
the incident ambient light into a blue light or an
ultraviolet light so as to be provided to the quantum dot
thin film layer, and

the quantum dot thin film layer comprises a plurality of

light emitting areas which are arranged in array and can
be excited to emit lights of different colors, and each of
the light emitting areas corresponds to a sub pixel in the
liquid crystal panel.

2. The reflective liquid crystal panel of claim 1, wherein
the quantum dot thin film layer array is provided with a first
light emitting area, a second light emitting area and a third
light emitting area; and the first light emitting area emits a
red light when being exited, which corresponds to a red
sub-pixel in the liquid crystal panel, the second light emit-
ting area emits a green light when being exited, which
corresponds to a green sub-pixel in the liquid crystal panel,
and the third light emitting area is configured to be pen-
etrated by an incident light, which corresponds to the blue
sub-pixel in the liquid crystal panel.

3. The reflective liquid crystal panel of claim 1, wherein
different light emitting areas may be excited to emit light
with different colors by controlling a size or a material type
of the quantum dot in the light emitting area.

4. The reflective liquid crystal panel of claim 3, wherein
the material of the quantum dot is a semiconductor material
which is selected from at least one of CdS, CdSe, CdTe,
ZnSe, InP and InAs.

5. The reflective liquid crystal panel of claim 1, wherein
a number of the unidirectional wavelength conversion layers
is two or more.

6. The reflective liquid crystal panel of claim 1, wherein
the reflective liquid crystal panel further comprises a light
extraction layer, which is arranged on the polarizing plate
and comprises a transparent base body, and a micro structure
layer having a light extraction function is provided on a side,
which is away from the polarizing plate, of the transparent
base body.

7. The reflective liquid crystal panel of claim 2, wherein
the reflective liquid crystal panel further comprises a light
extraction layer, which is arranged on the polarizing plate
and comprises a transparent base body, and a micro structure
layer having a light extraction function is provided on a side,
which is away from the polarizing plate, of the transparent
base body.

8. The reflective liquid crystal panel of claim 7, wherein
the micro structure layer having the light extracting function
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is provided with a micro prism, an optical grating or micro
structures arranged in array and having a conical, a cylin-
drical and/or a spherical shape.

9. The reflective liquid crystal panel of claim 7, wherein
a material of the transparent base body is an organic material
and/or an inorganic material.

10. The reflective liquid crystal panel of claim 7, wherein
an anti-reflection film coated on the micro structure layer is
further provided on the light extraction layer.

11. A display device comprising a reflective liquid crystal
panel and a driving module which drives signals to the
reflective liquid crystal panel so that the reflective liquid
crystal panel displays an image, wherein the reflective liquid
crystal panel comprising a first substrate and a second
substrate disposed opposite to each other and a liquid crystal
layer disposed between the first substrate and the second
substrate, a reflection layer being provided on a side, which
is close to the liquid crystal layer, of the first substrate, and
a polarizing plate being provided on a side, which is away
from the liquid crystal layer, of the second substrate,

wherein, in a direction from the second substrate to the

liquid crystal layer, a unidirectional wavelength con-
verting layer and a quantum dot thin film layer are
sequentially laminated between the second substrate
and the liquid crystal layer; and

wherein the unidirectional wavelength conversion layer

made of an up conversion material is used to convert
the incident ambient light into a blue light or an
ultraviolet light so as to be provided to the quantum dot
thin film layer, and

the quantum dot thin film layer comprises a plurality of

light emitting areas which are arranged in array and can
be excited to emit lights of different colors, and each of
the light emitting areas corresponds to a sub pixel in the
liquid crystal panel.

12. The display device of claim 11, wherein the quantum
dot thin film layer array is provided with a first light emitting
area, a second light emitting area and a third light emitting
area; and the first light emitting area emits a red light when
being exited, which corresponds to a red sub-pixel in the
liquid crystal panel, the second light emitting area emits a
green light when being exited, which corresponds to a green
sub-pixel in the liquid crystal panel, and the third light
emitting area is configured to be penetrated by an incident
light, which corresponds to the blue sub-pixel in the liquid
crystal panel.

13. The display device of claim 11, wherein different light
emitting areas may be excited to emit light with different
colors by controlling a size or a material type of the quantum
dot in the light emitting area.

14. The display device of claim 13, wherein the material
of the quantum dot is a semiconductor material which is
selected from at least one of CdS, CdSe, CdTe, ZnSe, InP
and InAs.

15. The display device of claim 11, wherein a number of
the unidirectional wavelength conversion layers is two or
more.

16. The display device of claim 11, wherein the reflective
liquid crystal panel further comprises a light extraction layer
which is arranged on the polarizing plate and comprises a
transparent base body, and a micro structure layer having a
light extraction function is provided on a side, which is away
from the polarizing plate, of the transparent base body.
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17. The display device of claim 12, wherein the reflective
liquid crystal panel further comprises a light extraction layer
which is arranged on the polarizing plate and comprises a
transparent base body, and a micro structure layer having a
light extraction function is provided on a side, which is away
from the polarizing plate, of the transparent base body.

18. The display device of claim 17, wherein the micro
structure layer having the light extracting function is pro-
vided with a micro prism, a grating or micro structures
arranged in array and having a conical, a cylindrical and/or
a spherical shape.

19. The display device of claim 17, wherein a material of
the transparent base body is an organic material and/or an
inorganic material.

20. The display device of claim 17, wherein an anti-
reflection film coated on the micro structure layer is further
provided on the light extraction layer.
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