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(57) ABSTRACT

A display panel and a display device are disclosed. The
display panel includes a photoresist layer, a liquid crystal
layer, and a total reflection layer. Liquid crystal molecules
included in the liquid crystal cells have a first refractive
index and a second refractive index. The first refractive
index is greater than the second refractive index, and a
refractive index of the total reflection units matches with the
first refractive index. The display panel and the display
device not only have advantages of low manufacturing cost
and eye protection, but can also achieve color and dynamic
display.
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DISPLAY PANEL AND DISPLAY DEVICE
BACKGROUND OF INVENTION

1. Field of Invention

[0001] The present application relates to a technical field
of displays and particularly to a display panel and a display
device.

2. Related Art

[0002] Currently, reflective type displays have been
widely used in fields of electronic paper, commercial adver-
tising display, and education, wherein electronic paper gen-
erally uses electronic ink for display. Electronic ink is
usually composed of negatively charged black particles and
positively charged white particles. Due to an effect of an
electric field, polarity of charges changes so that the particles
are arranged in different ways, thereby displaying patterns or
text. Advantages of this kind of reflective type electronic
paper are power savings and eye protection, but cost is
relatively high, and there are still limitations on color and
dynamic display.

SUMMARY OF INVENTION

[0003] An object of the present application is to provide a
display panel and a display device to overcome a problem
that there are still limitations on color and dynamic display
in current display panels and display devices.

[0004] To achieve the above-mentioned object, in a first
aspect, the present application provides a display panel,
comprising a first substrate and a second substrate opposite
to the first substrate, wherein a photoresist layer, a liquid
crystal layer, and a total reflection layer are sequentially
disposed in a direction from the first substrate to the second
substrate, the photoresist layer comprises a plurality of
photoresists, the liquid crystal layer comprises a plurality of
liquid crystal cells disposed in a one-to-one correspondence
with the photoresists, and the total reflection layer comprises
a plurality of total reflection units disposed in a one-to-one
correspondence with the liquid crystal cells; wherein liquid
crystal molecules included in the liquid crystal cells have a
first refractive index and a second refractive index, the first
refractive index is a refractive index for light perpendicular
to a major axis of each of the liquid crystal molecules, the
second refractive index is a refractive index for light parallel
to the major axis of each of the liquid crystal molecules, the
first refractive index is greater than the second refractive
index, and the total reflection units have a refractive index
matching with the first refractive index.

[0005] In some embodiments, the photoresists comprise
polymerizable cholesteric liquid crystals, and different parts
of the polymerizable cholesteric liquid crystals of the pho-
toresists for reflecting lights of different colors have different
pitches.

[0006] In some embodiments, the polymerizable choles-
teric liquid crystals of the photoresists for reflecting red light
have a pitch greater than a pitch of the polymerizable
cholesteric liquid crystals of the photoresists for reflecting
green light, and the polymerizable cholesteric liquid crystals
of the photoresists for reflecting the green light have a pitch
greater than a pitch of the polymerizable cholesteric liquid
crystals of the photoresists for reflecting blue light.
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[0007] In some embodiments, a first electrode and a first
alignment layer are sequentially disposed in a direction from
the photoresist layer to the liquid crystal layer, and a second
electrode layer and a second alignment layer are sequentially
disposed in a direction from the second substrate to the
liquid crystal layer.

[0008] In some embodiments, the first electrode layer
comprises a plurality of first electrodes disposed in a one-
to-one correspondence with the liquid crystal cells, and the
second electrode layer comprises a plurality of second
electrodes disposed in a one-to-one correspondence with the
liquid crystal cells.

[0009] Insome embodiments, polarity of the liquid crystal
molecules of the liquid crystal cells is positive, and the first
alignment layer and the second alignment layer are arranged
in an anti-parallel alignment or in a parallel alignment;
wherein based on no voltage applied to the first electrodes
and the second electrodes corresponding to the liquid crystal
cells, the major axes of the liquid crystal molecules of the
liquid crystal cells are arranged in a horizontal direction; and
wherein based on a voltage applied to the first electrodes and
the second electrodes corresponding to the liquid crystal
cells, the major axes of the liquid crystal molecules of the
liquid crystal cells are arranged in a vertical direction.
[0010] Insome embodiments, polarity of the liquid crystal
molecules of the liquid crystal cells is negative, and the first
alignment layer and the second alignment layer are arranged
in a vertical alignment; wherein based on a voltage applied
to the first electrodes and the second electrodes correspond-
ing to the liquid crystal cells, the major axes of the liquid
crystal molecules of the liquid crystal cells are arranged in
a horizontal direction; and wherein based on no voltage
applied to the first electrodes and the second electrodes
corresponding to the liquid crystal cells, the major axes of
the liquid crystal molecules of the liquid crystal cells are
arranged in a vertical direction.

[0011] In some embodiments, each of the total reflection
units is a prism and is semicircular or right angular in shape.
[0012] In some embodiments, a light absorption layer is
disposed between the first substrate and the photoresist
layer.

[0013] In some embodiments, a microlens layer is dis-
posed between the total reflection layer and the second
substrate or on a side of the second substrate away from the
total reflection layer and comprises a plurality of microlens
units.

[0014] Inasecond aspect, the present application provides
a display device, comprising a display panel, and the display
panel comprising a first substrate and a second substrate
opposite to the first substrate, wherein a photoresist layer, a
liquid crystal layer, and a total reflection layer are sequen-
tially disposed in a direction from the first substrate to the
second substrate, the photoresist layer comprises a plurality
of photoresists, the liquid crystal layer comprises a plurality
of liquid crystal cells disposed in a one-to-one correspon-
dence with the photoresists, and the total reflection layer
comprises a plurality of total reflection units disposed in a
one-to-one correspondence with the liquid crystal cells;
wherein liquid crystal molecules included in the liquid
crystal cells have a first refractive index and a second
refractive index, the first refractive index is a refractive
index for light perpendicular to a major axis of each of the
liquid crystal molecules, the second refractive index is a
refractive index for light parallel to the major axis of each of
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the liquid crystal molecules, the first refractive index is
greater than the second refractive index, and the total
reflection units have a refractive index matching with the
first refractive index.

[0015] In some embodiments, the photoresists comprise
polymerizable cholesteric liquid crystals, and different parts
of the polymerizable cholesteric liquid crystals of the pho-
toresists for reflecting lights of different colors have different
pitches.

[0016] In some embodiments, the polymerizable choles-
teric liquid crystals of the photoresists for reflecting red light
have a pitch greater than a pitch of the polymerizable
cholesteric liquid crystals of the photoresists for reflecting
green light, and the polymerizable cholesteric liquid crystals
of the photoresists for reflecting the green light have a pitch
greater than a pitch of the polymerizable cholesteric liquid
crystals of the photoresists for reflecting blue light.

[0017] In some embodiments, a first electrode and a first
alignment layer are sequentially disposed in a direction from
the photoresist layer to the liquid crystal layer, and a second
electrode layer and a second alignment layer are sequentially
disposed in a direction from the second substrate to the
liquid crystal layer.

[0018] In some embodiments, the first electrode layer
comprises a plurality of first electrodes disposed in a one-
to-one correspondence with the liquid crystal cells, and the
second electrode layer comprises a plurality of second
electrodes disposed in a one-to-one correspondence with the
liquid crystal cells.

[0019] Insome embodiments, polarity of the liquid crystal
molecules of the liquid crystal cells is positive, and the first
alignment layer and the second alignment layer are arranged
in an anti-parallel alignment or in a parallel alignment;
wherein based on no voltage applied to the first electrodes
and the second electrodes corresponding to the liquid crystal
cells, the major axes of the liquid crystal molecules of the
liquid crystal cells are arranged in a horizontal direction; and
wherein based on a voltage applied to the first electrodes and
the second electrodes corresponding to the liquid crystal
cells, the major axes of the liquid crystal molecules of the
liquid crystal cells are arranged in a vertical direction.

[0020] Insome embodiments, polarity of the liquid crystal
molecules of the liquid crystal cells is negative, and the first
alignment layer and the second alignment layer are arranged
in a vertical alignment; wherein based on a voltage applied
to the first electrodes and the second electrodes correspond-
ing to the liquid crystal cells, the major axes of the liquid
crystal molecules of the liquid crystal cells are arranged in
a horizontal direction; and wherein based on no voltage
applied to the first electrodes and the second electrodes
corresponding to the liquid crystal cells, the major axes of
the liquid crystal molecules of the liquid crystal cells are
arranged in a vertical direction.

[0021] In some embodiments, each of the total reflection
units is a prism and is semicircular or right angular in shape.
[0022] In some embodiments, a light absorption layer is
disposed between the first substrate and the photoresist
layer.

[0023] In some embodiments, a microlens layer is dis-
posed between the total reflection layer and the second
substrate or on a side of the second substrate away from the
total reflection layer and comprises a plurality of microlens
units.
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[0024] The display panel and the display device provided
by the embodiments of the present application have advan-
tageous effects as follows: the photoresists include the
polymerizable cholesteric liquid crystals. Applying the
polymerizable cholesteric liquid crystals to a field of reflec-
tive displays and using the ambient light to facilitate dis-
playing of the display panel can make the display panel
display colorful patterns or text, and greatly reduce manu-
facturing cost of the display panel. Since each of the
photoresists can be individually controlled to emit lights of
specific colors according to whether or not the photoresists
are irradiated by the ambient light, the display panel can
achieve high-precision dynamic display. Because the light
that enters human eyes from the display panel is the light
reflected by the photoresists, and the light being reflected
filters out a large amount of high-energy and high-transmit-
tance light, so that the light emitted from the display panel
is harmless to the human eyes, that is, the display panel has
an eye protection function.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1 is a schematic structural view of a display
panel provided by an embodiment of the present application.
[0026] FIG. 2 is a schematic view of a color development
principle of polymerizable cholesteric liquid crystals pro-
vided by an embodiment of the present application.

[0027] FIG. 3 is a schematic enlarged view of a photoresist
layer shown in FIG. 1.

[0028] FIG. 4 is a schematic view of a working principle
of the display panel in an anti-parallel alignment provided
by an embodiment of the present application.

[0029] FIG. 5 is a schematic view of a working principle
of the display panel in a vertical alignment provided by an
embodiment of the present application.

[0030] FIG. 6 is a schematic structural view of a display
panel provided by another embodiment of the present appli-
cation.

[0031] FIG. 7 is a schematic structural view of a display
panel provided by yet another embodiment of the present
application.

[0032] FIG. 8 is a schematic structural view of a display
panel provided by still another embodiment of the present
application.

DESCRIPTION OF EMBODIMENTS

[0033] In order to make the purpose, technical solutions,
and effects of this application clearer, the following further
describes this application in detail with reference to the
accompanying drawings and examples. It should be under-
stood that the specific embodiments described here are only
used to explain the present application, and are not used to
limit the present application.

[0034] Please refer to FIG. 1, which is a schematic struc-
tural view of a display panel provided by an embodiment of
the present application. The display panel shown in FIG. 1
includes a first substrate 101 and a second substrate 102
disposed opposite to the first substrate 101. The first sub-
strate 101 can be a rigid substrate or a flexible substrate. The
first substrate 101 may be made of a material selected from
the group consisting of glass, silicon dioxide, polyethylene,
polypropylene, polystyrene, polylactic acid, polyethylene
terephthalate, polyimide, and polyurethane. The second sub-
strate 109 and the first substrate 101 may be made of same
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or different materials, which are not specifically limited by
the embodiment of the present application.

[0035] The display panel shown in FIG. 1 is provided with
a photoresist layer 103, a liquid crystal layer 106, and a total
reflection layer 107 sequentially disposed in a direction from
the first substrate 101 to the second substrate 109.

[0036] The photoresist layer 103 includes a plurality of
photoresists, and the photoresists include polymerizable
cholesteric liquid crystals. It should be noted that the polym-
erizable cholesteric liquid crystals have selective reflective
properties. When the polymerizable cholesteric liquid crys-
tals are irradiated by ambient light, only light whose wave-
length corresponds to a pitch of the polymerizable choles-
teric liquid crystals is reflected. Specifically, please refer to
FIG. 2, which is a schematic view of a color development
principle of the polymerizable cholesteric liquid crystals
provided by the embodiment of the application. A calcula-
tion formula for calculating a wavelength A of light reflected
by the polymerizable cholesteric liquid crystals is: A=2nP sin
¢, wherein n is an average refractive index of the polymer-
izable cholesteric liquid crystals, and an adjustable range of
the average refractive index is not broad, which cannot cover
a visible light band. P is a pitch period of each of the
polymerizable cholesteric liquid crystals, 2P is a pitch of the
polymerizable cholesteric liquid crystals, and ¢ is an angle
between the ambient light incident on each of the polymer-
izable cholesteric liquid crystals and a surface of each of the
polymerizable cholesteric liquid crystals and is generally for
use in specific scenarios, which is non-adjustable.

[0037] In summary, adjusting only the pitch of the polym-
erizable cholesteric liquid crystals can make the polymer-
izable cholesteric liquid crystals reflect lights of different
wavelengths. Since colors of lights are related to wave-
lengths, the polymerizable cholesteric liquid crystals can
reflect lights having different colors. Generally, the greater
the pitch of the polymerizable cholesteric liquid crystals is,
the longer the wavelength of the light reflected by the
polymerizable cholesteric liquids crystal is. That is, a pitch
of the polymerizable cholesteric liquid crystals that reflects
red light>a pitch of the polymerizable cholesteric liquid
crystals that reflects green light>a pitch of the polymerizable
cholesteric liquid crystals that reflects blue light.

[0038] It should be noted that the pitch of the polymeriz-
able cholesteric liquid crystal is affected by various factors,
such as temperatures, magnetic fields, and cell thicknesses.
Generally, chiral molecules are used to be added to the
polymerizable cholesteric liquid crystal to control the pitch
of the polymerizable cholesteric liquid crystal without
changing external environment.

[0039] Since the photoresists in the embodiment of the
present application include the polymerizable cholesteric
liquid crystals, the photoresists can reflect lights of specific
colors after being struck by the ambient light. The photo-
resist layer 103 shown in FIG. 1 includes a first photoresist
1031, a second photoresist 1032, and a third photoresist
1033. Please refer to FIG. 3, which is a schematic enlarged
view of the photoresist layer shown in FIG. 1, wherein a
pitch 2P, of the polymerizable cholesteric liquid crystals of
the first photoresist 1031>a pitch 2P, of the polymerizable
cholesteric liquid crystals of the second photoresist 1032>a
pitch 2P, of the polymerizable cholesteric liquid crystals of
the third photoresist 1033, so that the first photoresist 1031,
the second photoresist 1032, and the third photoresist 1033
reflect red light, green light, and blue light, respectively.
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[0040] The liquid crystal layer 106 includes a plurality of
liquid crystal cells disposed in a one-to-one correspondence
with the photoresists. The total reflection layer 107 includes
a plurality of total reflection units disposed in a one-to-one
correspondence with the liquid crystal cells. Specifically,
each of the total reflection units may be a liquid crystal lens
or made of a transparent resin material.

[0041] Specifically, liquid crystal molecules included in
the liquid crystal cells have a first refractive index ne and a
second refractive index no. The first refractive index ne is a
refractive index for lights perpendicular to a major axis of
each of the liquid crystal molecules, and the second refrac-
tive index no is a refractive index for lights parallel to the
major axis of each of the liquid crystal molecules, wherein
the first refractive index>the second refractive index, and the
total reflection units have a refractive index matching with
the first refractive index ne.

[0042] When the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a parallel
direction, the refractive index of the total reflection units is
equal to the first refractive index ne of the liquid crystal
molecules, and the ambient light incident from the second
substrate 109 sequentially passes through the total reflection
units and the liquid crystal cells to the photoresists, so that
the photoresists reflect lights of specific colors.

[0043] When the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a vertical
direction, the refractive index of the total reflection units is
greater than the second refractive index no of the liquid
crystal molecules, so that the ambient light incident from the
second substrate 109 is totally reflected at an interface
between the total reflection units and the liquid crystal cells
and then is emitted outward from the second substrate 109,
and thus the photoresists cannot reflect lights of specific
colors.

[0044] It can be understood that the photoresists in the
embodiment of the present application include the polym-
erizable cholesteric liquid crystals. Applying the polymer-
izable cholesteric liquid crystals to a field of reflective
displays and using the ambient light to facilitate displaying
of the display panel can make the display panel display
colorful patterns or text, and greatly reduce manufacturing
cost of the display panel. Since each of the photoresists can
be individually controlled to emit lights of specific colors
according to whether or not the photoresists are irradiated by
the ambient light, the display panel can achieve high-
precision dynamic display. Because the lights that enter
people’s eyes from the display panel are the lights reflected
by the photoresists, and the lights being reflected filter out a
large amount of high-energy and high-transmittance lights,
so that the lights emitted from the display panel are harmless
to people’s eyes, i.e., the display panel has an eye protection
function.

[0045] In some embodiments, the photoresists can be
prepared by using the polymerizable cholesteric liquid crys-
tals, wherein different parts of the polymerizable cholesteric
liquid crystals of the photoresists for reflecting lights of
different colors have different pitches.

[0046] Specifically, a process of preparing the photoresists
using the polymerizable cholesteric liquid crystals is as
follows:

[0047] First, provide the first substrate 101. The polym-
erizable cholesteric liquid crystals are coated on the first
substrate 101, and the polymerizable cholesteric liquid crys-
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tals are polymerized by light curing or thermal curing to
obtain an all-solid cholesteric liquid crystal film, i.e., the
photoresists. In order to obtain the photoresists for reflecting
red, green, and blue lights to enable the display panel to
realize normal display of the three primary colors, the
polymerizable cholesteric liquid crystals having three dif-
ferent pitches can be used to prepare the photoresists that
reflect red light, green light, and blue light, respectively.
[0048] For example, polymerizable cholesteric liquid
crystals with a first pitch (reflecting red light) are first coated
on the first substrate 101, partial ultraviolet curing is used to
polymerize the polymerizable cholesteric liquid crystals in a
partial area of the first substrate 101, and then uncured
polymerizable cholesteric liquid crystals are washed away,
leaving only a patterned all-solid cholesteric liquid crystal
film that reflects red light on the first substrate 101, i.c., the
photoresist reflecting red light. Then, repeat the above steps
on polymerizable cholesteric liquid crystals with a second
pitch (reflecting green light) and a third pitch (reflecting blue
light) in turn to obtain a photoresist reflecting green light and
a photoresist reflecting blue light, wherein the first pitch>the
second pitch>the third pitch.

[0049] In some embodiments, please refer to FIG. 1. The
display panel shown in FIG. 1 includes the first substrate
101, the photoresist layer 103 disposed on the first substrate
101, a planarization layer 104 disposed on and covering the
first substrate 101, a first electrode layer 105 disposed on the
planarization layer 104, a first alignment layer (not shown in
FIG. 1) disposed on the first electrode layer 105, the liquid
crystal layer 106 disposed on the first electrode layer 105,
the total reflection layer 107 disposed on the liquid crystal
layer 106, a second alignment layer (not shown in FIG. 1)
disposed on the total reflection layer 107, a second electrode
layer 108 disposed on the second alignment layer, and the
second substrate 109 disposed on the second electrode layer
108.

[0050] The photoresist layer 103 of the display panel
shown in FIG. 1 includes the first photoresist 1031, the
second photoresist 1032, and the third photoresist 1033 that
reflect red light, green light, and blue light, respectively.
[0051] The liquid crystal layer 106 of the display panel
shown in FIG. 1 includes a first liquid crystal cell 1061, a
second liquid crystal cell 1062, and a third liquid crystal cell
1063. The first liquid crystal cell 1061 and the first photo-
resist 1031 are correspondingly disposed, the second liquid
crystal cell 1062 and the second photoresist 1032 are cor-
respondingly disposed, and the third liquid crystal cell 1063
and the third photoresist 1033 are correspondingly disposed.
[0052] The total reflection layer 107 of the display panel
shown in FIG. 1 includes a first total reflection unit 1071, a
second total reflection unit 1072, and a third total reflection
unit 1073. The first total reflection unit 1071 and the first
liquid crystal cell 1061 are correspondingly disposed, the
second total reflection unit 1072 and the second liquid
crystal cell 1062 are correspondingly disposed, and the third
total reflection unit 1073 and the third liquid crystal cell
1063 are correspondingly disposed.

[0053] The first electrode layer 105 includes a plurality of
first electrodes spaced apart from each other and disposed in
a one-to-one correspondence with the liquid crystal cells in
the liquid crystal layer 106. The first electrode layer 105 of
the display panel shown in FIG. 1 includes three first
electrodes (not shown in FIG. 1). The three first electrodes
are disposed in a one-to-one correspondence with three of
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the liquid crystal cells (the first liquid crystal cell 1061, the
second liquid crystal cell 1062, and the third liquid crystal
cell 1063).

[0054] The second electrode layer 108 includes a plurality
of second electrodes spaced apart from each other and
disposed in a one-to-one correspondence with the liquid
crystal cells in the liquid crystal layer 106. The second
electrode layer 108 of the display panel shown in FIG. 1
includes three second electrodes (not shown in FIG. 1). The
three second electrodes are disposed in a one-to-one corre-
spondence with the three liquid crystal cells (the first liquid
crystal cell 1061, the second liquid crystal cell 1062, and the
third liquid crystal cell 1063).

[0055] Insome embodiments, polarity of the liquid crystal
molecules of the liquid crystal cells is positive, and the first
alignment layer and the second alignment layer are in an
anti-parallel alignment or in a parallel alignment. Please
refer to FIG. 4, which is a schematic view of a working
principle of the display panel in the anti-parallel alignment
provided by the embodiment of the application. A structure
of the display panel shown in FIG. 4 is same as a structure
of the display panel shown in FIG. 1, and will not be
repeated here.

[0056] The second liquid crystal cell 1062 in the liquid
crystal layer 106 of the display panel shown in FIG. 4 is in
apower-off state, wherein the second liquid crystal cell 1062
in the power-off state refers to a state in which no voltage is
applied to the first electrode and the second electrode
corresponding to the second liquid crystal cell 1062. In this
manner, the major axes of the liquid crystal molecules of the
liquid crystal cell 1062 are arranged in a horizontal direc-
tion, the refractive index of the total reflection units is equal
to the first refractive index ne of the liquid crystal molecules.
Therefore, according to the principle of light propagation in
media with different refractive indexes, the ambient light
incident from the second substrate 109 will sequentially pass
through the second total reflection unit 1072 and the second
liquid crystal cell 1062 to the second photoresist 1032, so
that the second photoresist 1032 reflects green light. It
should be noted that the ambient light reaching the second
photoresist 1032 is linearly polarized light, and a polariza-
tion direction is horizontal.

[0057] The first liquid crystal cell 1061 and the third liquid
crystal cell 1063 in the liquid crystal layer 106 of the display
panel shown in FIG. 4 are in a power-on state, wherein the
first liquid crystal cell 1061 in the power-on state refers to
a state in which a voltage is applied to the first electrode and
the second electrode corresponding to the first liquid crystal
cell 1061. The third liquid crystal cell 1063 in the power-on
state refers to a state in which a voltage is applied to the first
electrode and the second electrode corresponding to the third
liquid crystal cell 1063. At this time, the major axes of the
liquid crystal molecules of the first liquid crystal cell 1061
and the third liquid crystal cell 1063 are arranged in the
vertical direction. Taking the first liquid crystal cell 1061 as
an example, since the refractive index of the first total
reflection cell 1071 is greater than the second refractive
index no of the liquid crystal molecules, according to the
principle of light propagation in media with different refrac-
tive indexes, the ambient light incident from the second
substrate 109 will be emitted outward from the second
substrate 109 after being totally reflected at an interface
between the first total reflection unit 1071 and the first liquid
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crystal cell 1061, and thus the first photoresist 1031 does not
reflect light. Likewise, the third photoresist 1033 does not
reflect light as well.

[0058] It should be noted that for a display panel config-
ured in the parallel alignment (i.e., the first alignment layer
and the second alignment layer are arranged orthogonally in
alignment directions; for example, an alignment direction of
the second alignment layer is a direction parallel to a paper
surface, and an alignment direction of the first alignment
layer is a direction perpendicular to the paper surface), when
a liquid crystal cell is in the power-off state, the liquid crystal
molecules in the liquid crystal cells are arranged spirally.
Specifically, the alignment direction of the second alignment
layer adjacent to the total reflection unit is the direction
parallel to the paper surface, and the axes of the liquid
crystal molecules in the liquid crystal cells adjacent to the
total reflection units are arranged in the direction parallel to
the paper surface, which is also a kind of arrangement in the
horizontal direction. Therefore, the ambient light incident
from the second substrate 109 can pass through the total
reflection unit to enter the liquid crystal cell. The alignment
direction of the first alignment layer away from the total
reflection unit is the direction perpendicular to the paper
surface, and the axes of the liquid crystal molecules in the
liquid crystal cells away from the total reflection units are
arranged in the direction perpendicular to the paper surface.
In this manner, after the ambient light incident from the
second substrate 109 passes through the total reflection units
and the liquid crystal cells, the ambient light becomes
elliptically polarized light. When a rotation direction of the
elliptically polarized light is consistent with a rotation
direction of a spiral structure of the liquid crystal molecules
located at a lower part of the liquid crystal cells, the
elliptically polarized light can irradiate the photoresist, so
that the photoresist can reflect light having a specific color.
[0059] When the liquid crystal cell is in the power-on
state, the major axes of the liquid crystal molecules of the
liquid crystal cell are arranged in a vertical direction. Since
the refractive index of the total reflection unit is greater than
the second refractive index of the liquid crystal molecules,
according to the principle of light propagation in media with
different refractive indexes, the ambient light incident from
the second substrate 109 will be emitted outward from the
second substrate 109 after being totally reflected at the
interface between the first total reflection unit and the liquid
crystal cell, and thus the photoresist does not reflect light.

[0060] Insome embodiments, polarity of the liquid crystal
molecules of the liquid crystal cells is negative, and the first
alignment layer and the second alignment layer are arranged
in a vertical alignment. Please refer to FIG. 5, which is a
schematic view of a working principle of the display panel
in a vertical alignment provided by the embodiment of the
application. A structure of the display panel shown in FIG.
5 is same as the structure of the display panel shown in FIG.
1, and will not be repeated here.

[0061] The second liquid crystal cell 1062 of the liquid
crystal layer 106 of the display panel shown in FIG. 5 is in
a power-on state, wherein the second liquid crystal cell 1062
in the power-on state refers to a state in which a voltage is
applied to the first electrode and the second electrode
corresponding to the second liquid crystal cell 1062. In this
manner, the major axes of the liquid crystal molecules of the
liquid crystal cell 1062 are arranged in a horizontal direc-
tion, the refractive index of the total reflection units is equal
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to the first refractive index ne of the liquid crystal molecules.
Therefore, according to the principle of light propagation in
media with different refractive indexes, the ambient light
incident from the second substrate 109 will sequentially pass
through the second total reflection unit 1072 and the second
liquid crystal cell 1062 to the second photoresist 1032, so
that the second photoresist 1032 reflects green light.
[0062] The first liquid crystal cell 1061 and the third liquid
crystal cell 1063 in the liquid crystal layer 106 of the display
panel shown in FIG. 5 are in a power-off state, wherein the
first liquid crystal cell 1061 in the power-off state refers to
a state in which no voltage is applied to the first electrode
and the second electrode corresponding to the first liquid
crystal cell 1061. The third liquid crystal cell 1063 in the
power-off state refers to a state in which no voltage is
applied to the first electrode and the second electrode
corresponding to the third liquid crystal cell 1063. In this
manner, the major axes of the liquid crystal molecules of the
first liquid crystal cell 1061 and the third liquid crystal cell
1063 are arranged in a vertical direction. Taking the first
liquid crystal cell 1061 as an example, since the refractive
index of the first total reflection cell 1071 is greater than the
second refractive index no of the liquid crystal molecules,
according to the principle of light propagation in media with
different refractive indexes, the ambient light incident from
the second substrate 109 will be emitted outward from the
second substrate 109 after being totally reflected at an
interface between the first total reflection unit 1071 and the
first liquid crystal cell 1061, and thus the first photoresist
1031 does not reflect light. Likewise, the third photoresist
1033 does not reflect light, either.

[0063] In some embodiments, each of the total reflection
units is a prism and is semicircular or right angular in shape.
The total reflection units shown in FIG. 1 are semicircular in
shape, wherein each of the semicircular total reflection units
has a curved shape adjacent to the liquid crystal layer 106.
FIG. 6 is a schematic structural view of a display panel
provided by another embodiment of the present application.
A structure of the display panel shown in FIG. 6 is similar
to the structure of the display panel shown in FIG. 5 and is
different in that the total reflection units shown in FIG. 6 are
right angular in shape, wherein each of the right angular total
reflection units has a right-angle shape formed by two sides
perpendicular to each other and close to the liquid crystal
layer 106.

[0064] In some embodiments, please refer to FIG. 7,
which is a schematic structural view of a display panel
provided by another embodiment of the present application,
wherein a light absorption layer 102 is disposed between the
first substrate 101 and the photoresist layer 103 to absorb
transmitted light, so that light entering people’s eyes is light
only reflected by the photoresist layer 103, thereby not only
increasing display contrast, but improving eye protection
performance of the display panel.

[0065] In some embodiments, please refer to FIG. 8,
which is a schematic structural view of a display panel
provided by another embodiment of the present application.
A microlens layer 110 is disposed between the total reflec-
tion layer 107 and the second substrate 109 or on a side of
the second substrate 109 away from the total reflection layer
107. It should be noted the microlens layer 110 shown in
FIG. 8 is disposed between the total reflection layer 107 and
the second substrate 109 and includes a plurality of micro-
lens units. A physical size of each of the microlens units does
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not need to be consistent with a size of the total reflection
unit, nor does the microlens units need to be disposed in a
one-to-one correspondence with the total reflection units,
which can be set according to actual needs. Generally, the
greater a number of microlens units corresponding to a
single total reflection unit is, the better. A refractive index of
the microlens units is related to thickness of the second
substrate 109 and design of an optical path. A most suitable
refractive index of the microlens units can generally be
obtained through optical path simulation and actual mea-
surement. It can be understood that because the ambient
light incident on the display panel at large angles cannot be
totally reflected by the total reflection units, in order to
improve utilization of the ambient light, the microlens layer
110 can be provided between the total reflection layer 107
and the second substrate 109 or on the side of the second
substrate 109 away from the total reflection layer 107, so
that the ambient light incident on the display panel at the
large angles passes through the microlens layer 110 and then
enters the total reflection layer 107 at a relatively collimated
angle, thereby increasing display contrast.

[0066] An embodiment of the present application further
provides a display device including the display panel of any
one of the above-mentioned embodiments. The display
panel shown in FIG. 1 includes the first substrate 101 and the
second substrate 102 disposed opposite to each other. The
photoresist layer 103, the liquid crystal layer 106, and the
total reflection layer 107 are sequentially disposed in the
direction from the first substrate 101 to the second substrate
109.

[0067] The photoresist layer 103 includes the photoresists,
and the photoresists include the polymerizable cholesteric
liquid crystals. It should be noted that the polymerizable
cholesteric liquid crystals have selective reflective proper-
ties. When the polymerizable cholesteric liquid crystals are
irradiated by the ambient light, only light whose wavelength
corresponds to a pitch of the polymerizable cholesteric
liquid crystals is reflected. Specifically, please refer to FIG.
2, which is the schematic view of the color development
principle of the polymerizable cholesteric liquid crystals
provided by the embodiment of the application. A calcula-
tion formula for calculating a wavelength A of light reflected
by the polymerizable cholesteric liquid crystals is as fol-
lows: A=2nP sin ¢, wherein n is an average refractive index
of the polymerizable cholesteric liquid crystals, and an
adjustable range of the average refractive index is not broad,
which cannot cover a visible light band. P is a pitch period
of each of the polymerizable cholesteric liquid crystals, 2P
is a pitch of the polymerizable cholesteric liquid crystal, and
¢ is an angle between the ambient light incident on each of
the polymerizable cholesteric liquid crystals and a surface of
each of the polymerizable cholesteric liquid crystals and is
generally for use in specific scenarios, which is non-adjust-
able.

[0068] In summary, adjusting only the pitch of the polym-
erizable cholesteric liquid crystals can make the polymer-
izable cholesteric liquid crystal reflect light of different
wavelengths. Since colors of lights are related to wave-
lengths, the polymerizable cholesteric liquid crystals can
reflect lights having different colors. Generally, the greater
the pitch of the polymerizable cholesteric liquid crystals is,
the longer the wavelength of the light reflected by the
polymerizable cholesteric liquid crystals is. That is, a pitch
of the polymerizable cholesteric liquid crystals that reflects
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red light>a pitch of the polymerizable cholesteric liquid
crystals that reflects green light>a pitch of the polymerizable
cholesteric liquid crystals that reflects blue light.

[0069] It should be noted that the pitch of the polymeriz-
able cholesteric liquid crystal is affected by various factors,
such as temperatures, magnetic fields, and cell thicknesses.
Generally, chiral molecules are used to be added to the
polymerizable cholesteric liquid crystal to control the pitch
of the polymerizable cholesteric liquid crystal without
changing external environment.

[0070] Since the photoresists in the embodiment of the
present application include the polymerizable cholesteric
liquid crystals, the photoresists can reflect lights of specific
colors after being struck by the ambient light. The photo-
resist layer 103 shown in FIG. 1 includes the first photoresist
1031, the second photoresist 1032, and the third photoresist
1033. Please refer to FIG. 3, which is a schematic enlarged
view of the photoresist layer shown in FIG. 1, wherein a
pitch 2P, of the polymerizable cholesteric liquid crystals of
the first photoresist 1031>a pitch 2P, of the polymerizable
cholesteric liquid crystals of the second photoresist 1032>a
pitch 2P, of the polymerizable cholesteric liquid crystals of
the third photoresist 1033, so that the first photoresist 1031,
the second photoresist 1032, and the third photoresist 1033
reflect red light, green light, and blue light, respectively.
[0071] The liquid crystal layer 106 includes the liquid
crystal cells disposed in a one-to-one correspondence with
the photoresists. The total reflection layer 107 includes the
total reflection units disposed in a one-to-one correspon-
dence with the liquid crystal cells.

[0072] Specifically, the liquid crystal molecules of the
liquid crystal cells have the first refractive index ne and the
second refractive index no. The first refractive index ne is a
refractive index for light perpendicular to a major axis of
each of the liquid crystal molecules, and the second refrac-
tive index no is a refractive index for light parallel to the
major axis of each of the liquid crystal molecules, wherein
the first refractive index>the second refractive index, and the
total reflection units have a refractive index matching with
the first refractive index ne.

[0073] When the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a horizontal
direction, the refractive index of the total reflection units is
equal to the first refractive index ne of the liquid crystal
molecules, and the ambient light incident from the second
substrate 109 passes through the total reflection unit and the
liquid crystal cell in turn, so that the photoresist can reflect
lights of specific colors.

[0074] When the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a vertical
direction, the refractive index of the total reflection units is
greater than the second refractive index no of the liquid
crystal molecules, so that the ambient light incident from the
second substrate 109 is totally reflected at an interface
between the total reflection units and the liquid crystal cells
and then is emitted outward from the second substrate 109,
and thus the photoresists cannot reflect lights of specific
colors.

[0075] It can be understood that the photoresists in the
embodiment of the present application include the polym-
erizable cholesteric liquid crystals. Applying the polymer-
izable cholesteric liquid crystals to a field of reflective
displays and using the ambient light to facilitate displaying
of the display panel can make the display panel display
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colorful patterns or text, and greatly reduce manufacturing
cost of the display panel. Since each of the photoresists can
be individually controlled to emit lights of specific colors
according to whether or not the photoresists are irradiated by
the ambient light, the display panel can achieve high-
precision dynamic display. Because the light that enters
people’s eyes from the display panel is the light reflected by
the photoresists, and the light being reflected filters out a
large amount of high-energy and high-transmittance light, so
that the light emitted from the display panel is harmless to
the people’s eyes, i.e., the display panel has an eye protec-
tion function.

[0076] It can be understood that for those of ordinary skill
in the art, equivalent replacements or changes can be made
according to the technical solutions and the technical con-
cept of the present application, and all these changes or
replacements shall fall within the protection scope of the
appended claims of the present application.

What is claimed is:

1. A display panel, comprising:

a first substrate and a second substrate disposed opposite
to the first substrate, wherein a photoresist layer, a
liquid crystal layer, and a total reflection layer are
sequentially disposed in a direction from the first
substrate to the second substrate, the photoresist layer
comprises a plurality of photoresists, the liquid crystal
layer comprises a plurality of liquid crystal cells dis-
posed in a one-to-one correspondence with the photo-
resists, and the total reflection layer comprises a plu-
rality of total reflection units disposed in a one-to-one
correspondence with the liquid crystal cells;

wherein liquid crystal molecules included in the liquid
crystal cells have a first refractive index and a second
refractive index, the first refractive index is a refractive
index for light perpendicular to a major axis of each of
the liquid crystal molecules, the second refractive index
is a refractive index for light parallel to the major axis
of each of the liquid crystal molecules, the first refrac-
tive index is greater than the second refractive index,
and the total reflection units have a refractive index
matching with the first refractive index.

2. The display panel of claim 1, wherein the photoresists
comprise polymerizable cholesteric liquid crystals, and dif-
ferent parts of the polymerizable cholesteric liquid crystals
of the photoresists for reflecting lights of different colors
have different pitches.

3. The display panel of claim 2, wherein the polymeriz-
able cholesteric liquid crystals of the photoresists for reflect-
ing red light have a pitch greater than a pitch of the
polymerizable cholesteric liquid crystals of the photoresists
for reflecting green light, and the polymerizable cholesteric
liquid crystals of the photoresists for reflecting the green
light have a pitch greater than a pitch of the polymerizable
cholesteric liquid crystals of the photoresists for reflecting
blue light.

4. The display panel of claim 1, wherein a first electrode
and a first alignment layer are sequentially disposed in a
direction from the photoresist layer to the liquid crystal
layer, and a second electrode layer and a second alignment
layer are sequentially disposed in a direction from the
second substrate to the liquid crystal layer.

5. The display panel of claim 4, wherein the first electrode
layer comprises a plurality of first electrodes disposed in a
one-to-one correspondence with the liquid crystal cells, and
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the second electrode layer comprises a plurality of second
electrodes disposed in a one-to-one correspondence with the
liquid crystal cells.

6. The display panel of claim 4, wherein polarity of the
liquid crystal molecules of the liquid crystal cells is positive,
and the first alignment layer and the second alignment layer
are arranged in an anti-parallel alignment or in a parallel
alignment;

wherein based on no voltage applied to the first electrodes
and the second electrodes corresponding to the liquid
crystal cells, the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a
horizontal direction; and

wherein based on a voltage applied to the first electrodes
and the second electrodes corresponding to the liquid
crystal cells, the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a
vertical direction.

7. The display panel of claim 4, wherein polarity of the
liquid crystal molecules of the liquid crystal cells is nega-
tive, and the first alignment layer and the second alignment
layer are arranged in a vertical alignment;

wherein based on a voltage applied to the first electrodes
and the second electrodes corresponding to the liquid
crystal cells, the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a
horizontal direction; and

wherein based on no voltage applied to the first electrodes
and the second electrodes corresponding to the liquid
crystal cells, the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a
vertical direction.

8. The display panel of claim 1, wherein each of the total
reflection units is a prism and is semicircular or right angular
in shape.

9. The display panel of claim 1, wherein a light absorption
layer is disposed between the first substrate and the photo-
resist layer.

10. The display panel of claim 1, wherein a microlens
layer is disposed between the total reflection layer and the
second substrate or on a side of the second substrate away
from the total reflection layer and comprises a plurality of
microlens units.

11. A display device, comprising a display panel, the
display panel comprising:

a first substrate and a second substrate disposed opposite
to the first substrate, wherein a photoresist layer, a
liquid crystal layer, and a total reflection layer are
sequentially disposed in a direction from the first
substrate to the second substrate, the photoresist layer
comprises a plurality of photoresists, the liquid crystal
layer comprises a plurality of liquid crystal cells dis-
posed in a one-to-one correspondence with the photo-
resists, and the total reflection layer comprises a plu-
rality of total reflection units disposed in a one-to-one
correspondence with the liquid crystal cells;

wherein liquid crystal molecules included in the liquid
crystal cells have a first refractive index and a second
refractive index, the first refractive index is a refractive
index for lights perpendicular to a major axis of each of
the liquid crystal molecules, the second refractive index
is a refractive index for lights parallel to the major axis
of each of the liquid crystal molecules, the first refrac-
tive index is greater than the second refractive index,
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and the total reflection units have a refractive index
matching with the first refractive index.

12. The display device of claim 11, wherein the photore-
sists comprise polymerizable cholesteric liquid crystals, and
different parts of the polymerizable cholesteric liquid crys-
tals of the photoresists for reflecting lights of different colors
have different pitches.

13. The display device of claim 12, wherein the polym-
erizable cholesteric liquid crystals of the photoresists for
reflecting red light have a pitch greater than a pitch of the
polymerizable cholesteric liquid crystals of the photoresists
for reflecting green light, and the polymerizable cholesteric
liquid crystals of the photoresists for reflecting the green
light have a pitch greater than a pitch of the polymerizable
cholesteric liquid crystals of the photoresists for reflecting
blue light.

14. The display device of claim 11, wherein a first
electrode and a first alignment layer are sequentially dis-
posed in a direction from the photoresist layer to the liquid
crystal layer, and a second electrode layer and a second
alignment layer are sequentially disposed in a direction from
the second substrate to the liquid crystal layer.

15. The display device of claim 14, wherein the first
electrode layer comprises a plurality of first electrodes
disposed in a one-to-one correspondence with the liquid
crystal cells, and the second electrode layer comprises a
plurality of second electrodes disposed in a one-to-one
correspondence with the liquid crystal cells.

16. The display device of claim 14, wherein polarity of the
liquid crystal molecules of the liquid crystal cells is positive,
and the first alignment layer and the second alignment layer
are arranged in an anti-parallel alignment or in a parallel
alignment;

wherein based on no voltage applied to the first electrodes

and the second electrodes corresponding to the liquid
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crystal cells, the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a
horizontal direction; and

wherein based on a voltage applied to the first electrodes

and the second electrodes corresponding to the liquid
crystal cells, the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a
vertical direction.

17. The display device of claim 14, wherein polarity of the
liquid crystal molecules of the liquid crystal cells is nega-
tive, and the first alignment layer and the second alignment
layer are arranged in a vertical alignment;

wherein based on a voltage applied to the first electrodes

and the second electrodes corresponding to the liquid
crystal cells, the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a
horizontal direction; and

wherein based on no voltage applied to the first electrodes

and the second electrodes corresponding to the liquid
crystal cells, the major axes of the liquid crystal mol-
ecules of the liquid crystal cells are arranged in a
vertical direction.

18. The display device of claim 11, wherein each of the
total reflection units is a prism and is semicircular or right
angular in shape.

19. The display device of claim 11, wherein a light
absorption layer is disposed between the first substrate and
the photoresist layer.

20. The display device of claim 11, wherein a microlens
layer is disposed between the total reflection layer and the
second substrate or on a side of the second substrate away
from the total reflection layer and comprises a plurality of
microlens units.



