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(54) DISPLAY PANEL, DISPLAY DEVICE AND CONTROL METHOD THEREFOR

(57) A display panel (01) includes a liquid crystal lay-
er (100), a first substrate (11) and a second substrate
(12) that are disposed at opposite sides of the liquid crys-
tal layer (100), and a control electrode (60) disposed
above the first substrate (11). The control electrode (60)

is configured to receive electrical signals to control light
incident into the liquid crystal layer (100) to propagate
through total reflection, or to form a liquid crystal grating
(30) to make totally-reflected light in the liquid crystal lay-
er (100) coupled out at a side of the first substrate (11).
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Description

[0001] This application claims priority to Chinese Patent Application No. 201810805498.7, filed with the Chinese Patent
Office on July 20, 2018, titled "A DISPLAY PANEL, DISPLAY APPARATUS AND METHOD OF CONTROLLING THE
SAME", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display technologies, and in particular, to a display panel, a display
apparatus and a method of controlling the same.

BACKGROUND

[0003] With the continuous development of display technologies, display apparatuses such as thin film transistor liquid
crystal displays (TFT-LCDs) are increasingly used in electronic equipment.

SUMMARY

[0004] In one aspect, a display panel is provided. The display panel includes a liquid crystal layer, a first substrate
and a second substrate that are disposed at opposite sides of the liquid crystal layer, and a control electrode disposed
above the first substrate. The control electrode is configured to receive electrical signals to control light incident into the
liquid crystal layer to propagate through total reflection, or to form a liquid crystal grating to make totally-reflected light
in the liquid crystal layer coupled out at a side of the first substrate.
[0005] In some embodiments, the control electrode includes a plurality of first electrodes and a plurality of second
electrodes, and the plurality of first electrodes and the plurality of second electrodes are insulated from each other. The
display panel further includes a plurality of sub-pixels arranged in an array. One first electrode is correspondingly provided
in each sub-pixel. Each first electrode includes a plurality of first sub-electrodes spaced apart and electrically connected.
[0006] In some embodiments, one second electrode is correspondingly provided in each sub-pixel. Each second
electrode includes a plurality of second sub-electrodes spaced apart and electrically connected. In a same sub-pixel,
one second sub-electrode and one first sub-electrode are spaced apart from each other in a direction parallel to the first
substrate.
[0007] In some embodiments, the plurality of sub-pixels include sub-pixels configured to emit monochromatic lights
with different wavelengths. A wavelength of monochromatic light emitted by each sub-pixel is inversely proportional to
a number of first sub-electrodes in the sub-pixel.
[0008] In some embodiments, the sub-pixels emitting monochromatic lights with different wavelengths include sub-
pixels emitting red light, sub-pixels emitting green light, and sub-pixels emitting blue light. A number of first sub-electrodes
in each sub-pixel that is configured to emit red light is less than a number of first sub-electrodes in each sub-pixel that
is configured to emit green light. The number of first sub-electrodes in each sub-pixel that is configured to emit green
light is less than a number of first sub-electrodes in each sub-pixel that is configured to emit blue light.
[0009] In some embodiments, the display panel further includes an insulating planarization layer disposed at a side
of the control electrode proximate to the liquid crystal layer. A refractive index of a material of the insulating planarization
layer is equal to a refractive index of a material of the control electrode, and a shape of the insulating planarization layer
is complementary to a shape of the control electrode so that a surface of the insulating planarization layer proximate to
the liquid crystal layer is flat.
[0010] In some embodiments, the display panel further includes: a first alignment layer disposed above the first sub-
strate and located at a side of the insulating planarization layer proximate to the liquid crystal layer; and a second
alignment layer disposed above the second substrate.
[0011] In some embodiments, total reflection interfaces corresponding to the totally-reflected light are between the
liquid crystal layer and the first substrate, and between the liquid crystal layer and the second substrate.
[0012] In some embodiments, total reflection interfaces corresponding to the totally-reflected light are between the
liquid crystal layer and the insulating planarization layer, and between the liquid crystal layer and the second substrate.
[0013] In some embodiments, total reflection interfaces corresponding to the totally-reflected light are at a side of the
first substrate away from the liquid crystal layer, and at a side of the second substrate away from the liquid crystal layer.
[0014] In some embodiments, the display panel further includes a color filter layer disposed above the first substrate
and located at a side of the control electrode away from the liquid crystal layer.
[0015] In another aspect, a display apparatus is provided. The display apparatus includes a light source and the display
panel as described above. The light source is disposed at a light incident surface of the display panel in a thickness
direction. The light source is configured to provide incident light incident into the liquid crystal layer, and a refraction
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angle of the incident light incident into the liquid crystal layer is in a range of (θ0-90°, 90’-B0), where θ0 is a total reflection
critical angle of a total reflection interface corresponding to the totally-reflected light in the liquid crystal layer.
[0016] In some embodiments, the display apparatus further includes a transparent cover plate disposed at a light-
emitting side of the display panel. An air buffer is disposed between the transparent cover plate and the first substrate
in the display panel.
[0017] In some embodiments, the light source includes at least three types of monochromatic sub-light sources with
different colors.
[0018] In some embodiments, the light source is a white light source. The display panel includes a plurality of sub-
pixels with different colors. The liquid crystal grating in the display panel includes a plurality of liquid crystal sub-gratings.
The plurality of liquid crystal sub-gratings are in one-to-one correspondence with the plurality of sub-pixels. A wavelength
λ of light that each sub-pixel is able to emit satisfies the following formula: 

where θ1 is an incident angle at which the totally-reflected light is incident onto a corresponding total reflection interface;
n1 is a refractive index of an optically denser medium corresponding to the total reflection interface; n2 is a refractive
index of an optically thinner medium corresponding to the total reflection interface, and n1 is greater than n2; m is a
diffraction order of a liquid crystal sub-grating corresponding to each sub-pixel; Λ is a period of the liquid crystal sub-
grating corresponding to each sub-pixel; and θ2 is a light-emitting angle corresponding to each sub-pixel.
[0019] In yet another aspect, a method of controlling the display apparatus is provided. The method of controlling the
display apparatus includes: controlling the light source to provide incident light to the liquid crystal layer, and the refraction
angle of the incident light incident into the liquid crystal layer in the range of (θ0-90°, 90’-B0), where θ0 is the total reflection
critical angle of the total reflection interface corresponding to the totally-reflected light in the liquid crystal layer; and
applying voltages to the control electrode to control the incident light to propagate in the liquid crystal layer through total
reflection, or to form the liquid crystal grating to make the totally-reflected light in the liquid crystal layer coupled out at
a side of the first substrate.
[0020] In some embodiments, the display panel includes a plurality of sub-pixels arranged in an array, and the control
electrode includes one first electrode located in each sub-pixel. The liquid crystal grating includes a plurality of liquid
crystal sub-gratings in one-to-one correspondence with the plurality of sub-pixels. Forming a liquid crystal grating to
make the totally-reflected light in the liquid crystal layer coupled out at a side of the first substrate, further includes:
applying a voltage to each first electrode to control a light intensity of diffracted light of a liquid crystal sub-grating
corresponding to each sub-pixel to be 0.1% to 20% of a light intensity of the incident light.
[0021] In some embodiments, the light source includes a plurality of monochrome sub-light sources with different
colors, and the display panel includes a plurality of sub-pixels. Controlling the light source to provide incident light to the
liquid crystal layer, further includes: in a single frame, controlling the plurality of monochromatic sub-light sources with
different colors to sequentially emit monochromatic lights with different colors in a different time period. Making the
totally-reflected light in the liquid crystal layer coupled out at a side of the first substrate, further includes: in a single
frame, controlling the monochromatic lights with different colors incident into the liquid crystal layer to be sequentially
coupled out at a position of each sub-pixel.
[0022] In some embodiments, in the single frame, all the monochromatic lights in the monochromatic lights with different
colors have a same light-emitting duration.
[0023] In yet another aspect, a non-transitory computer-readable storage medium is provided. The non-transitory
computer-readable storage medium stores computer instructions that are configured to execute the method as described
above.
[0024] In yet another aspect, a computer product is provided. The computer product includes a processor, a memory,
and a computer program that is stored in the memory and is operable in the processor. When the processor runs the
computer program, the computer product executes the method as described above.
[0025] In yet another aspect, a computer program is provided. When the computer program is loaded into a processor,
the processor is caused to perform the method as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] In order to describe technical solutions in embodiments of the present disclosure more clearly, the accompanying
drawings to be used in the description of disclosure will be introduced briefly. Obviously, the accompanying drawings
to be described below are merely some embodiments of the present disclosure, and a person of ordinary skill in the art
can obtain other drawings according to these drawings without paying any creative effort.
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FIG. 1 is a schematic diagram of a display panel, according to some embodiments of the present disclosure;
FIG. 2 is a schematic diagram showing propagation of light in an optical waveguide of the display panel shown in
FIG. 1;
FIG. 3 is a schematic diagram of another display panel, according to some embodiments of the present disclosure;
FIG. 4 is a schematic diagram of yet another display panel, according to some embodiments of the present disclosure;
FIG. 5a is a schematic diagram of a control electrode, according to some embodiments of the present disclosure;
FIG. 5b is a schematic diagram of second electrodes, according to some embodiments of the present disclosure;
FIG. 5c is a schematic diagram of other second electrodes, according to some embodiments of the present disclosure;
FIG. 6 is a schematic diagram showing propagation of light in an optical waveguide of another display panel,
according to some embodiments of the present disclosure;
FIG. 7 is a schematic diagram of another control electrode, according to some embodiments of the present disclosure;
FIG. 8 is a schematic diagram of a display apparatus achieving color display, according to some embodiments of
the present disclosure;
FIG. 9 is a schematic diagram of another display apparatus achieving color display, according to some embodiments
of the present disclosure;
FIG. 10 is a flow diagram of a method of controlling a display apparatus, according to some embodiments of the
present disclosure;
FIG. 11 is a schematic diagram showing a color display achieved by inputting light from a red sub-light source among
the light sources of three primary colors in a different time period, according to some embodiments of the present
disclosure;
FIG. 12 is a schematic diagram showing a color display achieved by inputting light from a green sub-light source
among the light source of three primary colors in a different time period, according to some embodiments of the
present disclosure;
FIG. 13 is a schematic diagram showing a color display achieved by inputting light from a blue sub-light source
among the light source of three primary colors in a different time period, according to some embodiments of the
present disclosure; and
FIG. 14 is a schematic diagram of a display apparatus, according to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0027] The technical solutions in some embodiments of the present disclosure will be described clearly and completely
with reference to the accompanying drawings in some embodiments of the present disclosure. Obviously, the described
embodiments are merely some but not all of embodiments of the present disclosure. All other embodiments made on
the basis of some embodiments of the present disclosure by a person of ordinary skill in the art without paying any
creative effort shall be included in the protection scope of the present disclosure.
[0028] Terms "first", "second" and "third" are used for descriptive purposes only and are not to be construed as
indicating or implying the relative importance or implicitly indicating the number of indicated technical features. Thus,
features defined as "first", "second" and "third" may explicitly or implicitly include one or more of the features. In the
description of some embodiments of the present disclosure, "a plurality of" means two or more, unless otherwise specified.
[0029] Some embodiments of the present disclosure provide a display panel 01. As shown in FIG. 1, the display panel
01 has a display area AA. The display panel 01 includes a liquid crystal layer 100, a first substrate 11 and a second
substrate 12 that are disposed at opposite sides of the liquid crystal layer 100, and a control electrode 60 disposed at
a side of the first substrate 11 proximate to the liquid crystal layer 100. The control electrode 60 is configured to receive
electrical signals to control light incident into the liquid crystal layer 100 to propagate through total reflection, or form a
liquid crystal grating 30 to make totally-reflected light in the liquid crystal layer 100 coupled out at a side of the first
substrate 11. For example, referring to FIG. 2, the liquid crystal grating 30 includes a plurality of grating strips spaced apart.
[0030] The light incident into the liquid crystal layer 100 propagates through total reflection, which means that at least
part of layers in the display panel 01, including the liquid crystal layer 100, constitute an optical waveguide 10. For
example, the whole display panel 01 is an optical waveguide, and the light incident into the liquid crystal layer 100 is
totally reflected by taking surfaces of the first substrate 11 and the second substrate 12 away from the liquid crystal layer
100 as corresponding total reflection interfaces.
[0031] According to different electrical signals received by the control electrode 60, the control electrode 60 may
correspondingly control the light incident into the liquid crystal layer 100 to propagate through the total reflection, or
control liquid crystal molecules in the liquid crystal layer 100 of the display area AA to form a liquid crystal grating 30.
By utilizing the liquid crystal grating 30, the totally-reflected light in the liquid crystal layer 100 is coupled out at a side of
the first substrate 11.
[0032] For example, the electrical signals received by the control electrode 60 are invalid electrical signals (e.g., null
signals), that is, the control electrode 60 cannot generate an electric field after receiving the invalid electrical signals.
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The light incident into the liquid crystal layer 100 may be totally reflected in the optical waveguide 10 where the liquid
crystal layer 100 is located. Here, the liquid crystal layer 100 is a component of the optical waveguide 10, and the liquid
crystal layer 100 is in a transparent state without an electric field, i.e., a light-transmittable state.
[0033] The electrical signals received by the control electrode 60 are effective electrical signals (e.g., a plurality of
electrical signals with voltage differences), that is, the control electrode 60 generates a plurality of electric fields after
receiving the effective electrical signals to form a liquid crystal grating 30 in the liquid crystal layer 100.
[0034] The light incident into the liquid crystal layer 100 is generally provided by a light source 02, and the light provided
by the light source 02 may be totally reflected in the optical waveguide 10 where the liquid crystal layer 100 is located.
For example, the optical waveguide 10 has a hexagonal structure, which includes an upper surface, a lower surface,
and four side surfaces arranged perpendicular to the upper surface and the lower surface. The light source 02 is disposed
at a side surface of the optical waveguide 10 such that the light incident from the light source 02 into the optical waveguide
10 enters from the side surface of the optical waveguide 10, and the side surface is a light incident surface of the optical
waveguide 10.
[0035] Here, if n1 and n2 are refractive indexes of two adjacent layers of media forming a total reflection interface in
the optical waveguide 10, and n1 is greater than n2 (n1 > n2), that is, n1 is a refractive index of an optically denser medium
corresponding to the total reflection interface and n2 is a refractive index of an optically thinner medium corresponding
to the total reflection interface, a total reflection critical angle θ0 of the total reflection interface in the optical waveguide
10 satisfies the following formula: 

that is,

[0036] Therefore, the light provided by the light source 02 is totally reflected in the optical waveguide 10, and a refraction
angle α of the incident light incident into the liquid crystal layer 100 is in a range of (θ0-90°, 90’-B0), where θ0 is a total
reflection critical angle of the total reflection surface in the optical waveguide 10. The angle θ in FIG. 1 is an actual total
reflection angle, and the angle θ is greater than the total reflection critical angle θ0.
[0037] It will be noted that, with continued reference to FIG. 2, liquid crystal molecules in the liquid crystal layer 100
form a liquid crystal grating 30 under control of the control electrode 60, that is, the liquid crystal grating 30 is generally
formed in a part of regions where the liquid crystal layer 100 is proximate to the control electrode 60, such that a height
h of the liquid crystal grating 30 (i.e., a dimension in a thickness direction of the liquid crystal layer 100) is far less than
a thickness of the liquid crystal layer 100. Therefore, the liquid crystal grating 30 controls the totally-reflected light in the
liquid crystal layer 100 to be coupled out at a side of the first substrate 11. Only light that is refracted or reflected on a
surface of the liquid crystal grating 30 parallel to the first substrate 11 is considered, and light that is refracted or reflected
on a side surface of the liquid crystal grating (i.e., in a direction of height h) is not considered.
[0038] In addition, a magnitude of an electric field generated by the control electrode 60 can be determined by an
amount of voltage applied to the control electrode 60. The greater the electric field generated by the control electrode
60 is, the greater the height h of the liquid crystal grating 30 formed in the liquid crystal layer 100 under action of the
electric field will be. And the greater the height h of the liquid crystal grating 30 is, the more light the liquid crystal grating
30 will diffract. Therefore, by applying different voltages to the control electrode 60, a multi-grayscale display of the
display panel may be achieved.
[0039] Of course, in a case where no voltage is applied to the control electrode 60, that is, the control electrode 60
receives the invalid electrical signals, the liquid crystal grating 30 will not be formed in the liquid crystal layer 100, and
the light incident into the liquid crystal layer 100 cannot be coupled out through the liquid crystal grating 30. In this case,
if the refraction angle α of the light incident into the liquid crystal layer 100 satisfies the above angle range (θ0-90°, 90°-
θ0), the light is totally reflected in the optical waveguide 10 where the liquid crystal layer 100 is located. In this case, the
display panel 01 does not emit light and is in a dark state.
[0040] In some embodiments, with continued reference to FIG. 1, the display panel 01 further includes an insulating
planarization layer 61 disposed at a side of the control electrode 60 proximate to the liquid crystal layer 100. A refractive
index of the insulating planarization layer 61 is equal to a refractive index of a material of the control electrode 60, and
a shape of the insulating planarization layer 61 is complementary to a shape of the control electrode 60 so that a surface
of the insulating planarization layer 61 proximate to the liquid crystal layer 100 is flat.
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[0041] Here, the surface of the insulating planarization layer 61 proximate to the liquid crystal layer 100 is flat, which
means that a thickness H1 of the control electrode 60 plus a thickness H2 of a portion of the insulating planarization
layer 61 that covers a corresponding surface of the the control electrode 60 is approximately equal to a thickness H3 of
a portion of the insulating planarization layer 61 that does not cover the control electrode 60; that is, H1 + H2 ≈ H3, and
a deviation between H3 and a sum of H1 and H2 is in a range of 95% to 105%.
[0042] The shape of the insulating planarization layer 61 is complementary to the shape of the control electrode 60,
that is, a recessed position of the control electrode 60 exactly corresponds to a protruding position of the insulating
planarization layer 61, and a protruding position of the control electrode 60 exactly corresponds to a recessed position
of the insulating planarization layer 61. In addition, a material of the insulating planarization layer 61 has a same refractive
index as a material of the control electrode 60. Therefore, it is possible to prevent the control electrode 60 from forming
another grating structure in a case where the control electrode 60 includes a plurality of strip electrodes, and prevent
affecting the liquid crystal grating 30 to couple out light.
[0043] Here, the material of the insulating planarization layer 61 has the same refractive index as the material of the
control electrode 60, which means that the refractive index of the material of the insulating planarization layer 61 is
completely equal to the refractive index of the material of the control electrode 60; or in a case where the influence of
the insulating planarization layer 61 and the control electrode 60 on the light transmission direction cannot be distinguished
by human eyes, the refractive index of the material of the insulating planarization layer 61 is approximately equal to the
refractive index of the material of the control electrode 60.
[0044] In some embodiments, as shown in FIG. 3, the display panel 01 further includes: a first alignment layer 51
disposed above the first substrate 11 and located at a side of the insulating planarization layer 61 proximate to the liquid
crystal layer 100; and a second alignment layer 52 disposed on the second substrate 12. The first alignment layer 51
and the second alignment layer 52 are generally located at opposite sides of the liquid crystal layer 100, and configured
to define an initial deflection angle of the liquid crystal molecules in the liquid crystal layer 100.
[0045] In addition, in a case where the first alignment layer 51 directly covers the control electrode 60, a surface of
the first alignment layer 51 facing away from the control electrode 60 is flat, and a refractive index of the first alignment
layer 51 is equal or approximately equal to the refractive index of the material of the control electrode 60, the first
alignment layer 51 may replace the insulating planarization layer 61 in some embodiments described above.
[0046] Hereinafter, a structure of the optical waveguide 10 will be described below.
[0047] In some embodiments, the total reflection interfaces corresponding to the totally-reflected light are between
the liquid crystal layer 100 and the first substrate 11, and between the liquid crystal layer 100 and the second substrate
12. That is, the optical waveguide 10 includes the liquid crystal layer 100 and layers adjacent to the liquid crystal layer 100.
[0048] For example, as shown in FIG. 1, the optical waveguide 10 includes the insulating planarization layer 61, the
liquid crystal layer 100, and the second substrate 12. In this case, the layers adjacent to the liquid crystal layer 100 are
the insulating planarization layer 61 and the second substrate 12. A contact surface between the liquid crystal layer 100
and the insulating planarization layer 61 and a contact surface between the liquid crystal layer 100 and the second
substrate 12 are total reflection interfaces of the optical waveguide 10, i.e., the total reflection interfaces corresponding
to the totally-reflected light in the liquid crystal layer 100.
[0049] In formula (1), n1 is a refractive index of the liquid crystal layer 100, and n2 is a refractive index of the insulating
planarization layer 61 or the second substrate 12.
[0050] In some examples, the refractive index n1 of the liquid crystal layer 100 is greater than the refractive index n2
of the insulating planarization layer 61, that is, the liquid crystal layer 100 is an optically denser medium relative to the
insulating planarization layer 61. In this way, the light incident from the light source 02 to the optical waveguide 10 may
be totally reflected at an interface where the liquid crystal layer 100 and the insulating planarization layer 61 are in contact.
[0051] In some other examples, the refractive index n1 of the liquid crystal layer 100 is greater than the refractive index
n2 of the second substrate 12, that is, the liquid crystal layer 100 is an optically denser medium relative to the second
substrate 12. In this way, the light incident from the light source 02 to the optical waveguide 10 may be totally reflected
at an interface where the liquid crystal layer 100 and the second substrate 12 are in contact.
[0052] In yet some other examples, the refractive index of the liquid crystal layer 100 is 2.0, the refractive index of the
insulating planarization layer 61 is 1.8, and the refractive index of the second substrate 12 is 1.7. A total reflection critical
angle θ01 of the total reflection interface between the liquid crystal layer 100 and the insulating planarization layer 61 is
approximately 64.158°, and a total reflection critical angle θ02 of the total reflection interface between the liquid crystal
layer 100 and the second substrate 12 is approximately 58.212°. Therefore, in the optical waveguide 10 composed of
the insulating planarization layer 61, the liquid crystal layer 100, and the second substrate 12, its total reflection angle
θ may be set to 64.16°.
[0053] There are two total reflection interfaces corresponding to the totally-reflected light in the optical waveguide 10.
In a case where the total reflection critical angles of the two total reflection interfaces are different, the total reflection
critical angle of the optical waveguide 10, that is, the total reflection critical angle of the total reflection interfaces corre-
sponding to the totally-reflected light in the liquid crystal layer 100, is selected from the larger one of the total reflection



EP 3 825 759 A1

7

5

10

15

20

25

30

35

40

45

50

55

critical angles of the two total reflection interfaces.
[0054] In addition, the liquid crystal grating 30 is configured to control the totally-reflected light in the liquid crystal layer
100 to be coupled out at a side of the first substrate 11. The refractive index of the insulating planarization layer 61
should be greater than or approximately equal to the refractive index of the second substrate 12. Of course, in some
other examples, the display panel 01 further includes a reflective layer disposed at a side of the second substrate 12
away from the liquid crystal layer 100.
[0055] In some other embodiments, the total reflection interfaces corresponding to the totally-reflected light are between
the liquid crystal layer 100 and the insulating planarization layer 61, and between the liquid crystal layer 100 and the
second substrate 12. That is, the optical waveguide 10 includes the liquid crystal layer 100 and layers adjacent to the
liquid crystal layer 100.
[0056] For example, as shown in FIG. 3, in a case where the display panel 01 further includes the first alignment layer
51 and the second alignment layer 52, the layers adjacent to the liquid crystal layer 100 are the first alignment layer 51
and the second alignment layer 52. That is, the optical waveguide 10 includes the first alignment layer 51, the liquid
crystal layer 100, and the second alignment layer 52. A contact surface between the liquid crystal layer 100 and the first
alignment layer 51 and a contact surface between the liquid crystal layer 100 and the second alignment layer 52 are the
total reflection interfaces of the optical waveguide 10.
[0057] In yet some other embodiments, the total reflection interfaces corresponding to the totally-reflected light are at
a side of the first substrate 11 away from the liquid crystal layer 100, and at a side of the second substrate 12 away from
the liquid crystal layer 100. That is, the optical waveguide 10 includes the display panel 01 and layers adjacent to the
display panel 01.
[0058] For example, as shown in FIG. 4, the optical waveguide 10 includes the first substrate 11, the control electrode
60, the insulating planarization layer 61, the liquid crystal layer 100, the second substrate 12, and air buffer(s) 63 on
surface(s) of at least one of the first substrate 11 or the second substrate 12 away from the liquid crystal layer 100. Here,
the air buffer 63 is configured to cause the light incident into the optical waveguide 10 to be totally reflected at an interface
where the first substrate 11 or the second substrate 12 is in contace with the air buffer 63.
[0059] In some examples, in a case where the display panel 01 further includes the first alignment layer 51 and the
second alignment layer 52, the optical waveguide 10 further includes the first alignment layer 51 and the second alignment
layer 52.
[0060] In some other examples, referring to FIG. 4, a transparent cover plate 62 is provided at a light-emitting side of
the display panel 01. There is a certain space between the transparent cover plate 62 and the first substrate 11 through
a support structure located in a non-display area. The space is filled with air. In this way, the air buffer 63 located on a
surface of the first substrate 11 away from the liquid crystal layer 100 is formed of air located in the space.
[0061] Of course, in yet some other examples, side surfaces (referred to as outer surfaces) of the first substrate 11
and the second substrate 12 away from the liquid crystal layer 100 are in direct contact with air. In this way, the air
buffers 63 located on surfaces of the first substrate 11 and the second substrate 12 away from the liquid crystal layer
100 are respectively formed of the air that is in contact with the outer surfaces of the first substrate 11 and the second
substrate 12.
[0062] Based on this, the refractive index of the liquid crystal layer 100 is less than or equal to a refractive index of
any one of the alignment layer 50, the insulating planarization layer 61, the control electrode 60, the first substrate 11
and the second substrate 12. That is, The liquid crystal layer 100 is an optically thinner medium relative to the alignment
layer 50, the insulating planarization layer 61, the control electrode 60, the first substrate 11 and the second substrate
12. In addition, the liquid crystal layer 100, the alignment layer 50, the insulating planarization layer 61, the control
electrode 60, the first substrate 11, and the second substrate 12 are optically denser medium relative to the air buffers 63.
[0063] For example, the liquid crystal layer 100 has a crystal birefringence phenomenon, and thus a refractive index
n0 of the liquid crystal layer 100 in an "ordinary light" state is equal to 1.52, and a refractive index ne of the liquid crystal
layer 100 in an "extraordinary light" state is equal to 1.8. The first alignment layer 51 and the second alignment layer 52
are made of polyimide, the refractive index of which is 1.55. The control electrode 60 is made of indium tin oxide (ITO),
the refractive index of which is 1.8. The insulating planarization layer 61 is made of SiNx, the refractive index of which
is 1.8. Refractive indexes of the first substrate 11 and the second substrate 12 are 1.5. A refractive index of the air buffer
63 is 1. And, the total reflection angle θ of the optical waveguide 10 can be set to 42.07°.
[0064] It will be noted that, in the optical waveguides 10 described above, the refractive indexes of the first substrate
11 and the second substrate 12 may be the same or different, which is not limited in some embodiments of the present
disclosure. For convenience of description, the following embodiments of the present disclosure are all described by
taking as an example that a refractive index of the first substrate 11 are the same as a refractive index of the second
substrate 12.
[0065] In summary, in one aspect, the light received in the optical waveguide 10 (i.e., the liquid crystal layer 100) of
the display panel 01 is incident from a side surface of the optical waveguide 10 by the light source 02, and in a case
where the liquid crystal grating 30 is formed in the liquid crystal layer 100, the liquid crystal grating 30 may couple out
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the light incident into the optical waveguide 10 (i.e., the liquid crystal layer 100) from a side of the first substrate 11.
Therefore, the display panel 01 may realize display without providing polarizers at the light incident side and the light-
emitting side, that is, a selective transmission of light may be realized without using the polarizers. Thereby, problems
of low light transmittance and poor reliability caused by providing polarizers at the light incident side and the light-emitting
side of the display panel 01 may be solved.
[0066] In another aspect, during a grayscale display of the display panel 01, a liquid crystal grating 30 is formed in the
liquid crystal layer 100 by applying voltages to the control electrode 60, and the display panel 01 may display different
grayscales by adjusting a diffraction capability of the liquid crystal grating 30. Therefore, it is not necessary to manufacture
additional grating strips in the liquid crystal layer 100. In this way, it is possible to prevent the grating strips from affecting
an initial alignment of the liquid crystal molecules in the liquid crystal layer 100.
[0067] In yet another aspect, in a case where the display panel 01 is in a dark state, the light incident into the optical
waveguide 10 (i.e., the liquid crystal layer 100) is totally reflected, and no light is emittedfrom the display panel 01,
thereby solving the problem of light leakage of the display panel 01 in the dark state, which is beneficial to improving a
contrast of a display image of the display panel 01. Therefore, as long as it is ensured that the refraction angle of the
light incident from the light source 02 into the optical waveguide 10 (i.e., the liquid crystal layer 100) satisfies a condition
that the light is totally reflected in the optical waveguide 10, it can be ensured that the display panel 01 does not leak
light in the dark state, thereby easily improving a productivity of the product.
[0068] In some embodiments, the control electrode 60 includes a plurality of first electrodes 21 and a plurality of second
electrodes 22, and the plurality of first electrodes 21 and the plurality of second electrodes 22 are insulated from each
other. That is, any first electrode 21 is insulated from any second electrode 22. For example, each second electrode 22
is configured to be connected to a reference voltage.
[0069] In some examples, as shown in FIG. 5a, the display panel 01 further includes a plurality of sub-pixels 101
disposed in the display area AA and arranged in an array. A set of first electrode 21 and second electrode 22, i.e., one
first electrode 21 and one second electrode 22, are correspondingly provided in each sub-pixel 101. Each first electrode
21 includes a plurality of first sub-electrodes 210 spaced apart and electrically connected. First electrodes 21 between
different sub-pixels are insulated from each other.
[0070] In addition, as shown in FIG. 6, in a case where voltages are applied to the control electrode 60 (i.e., each first
electrode 21 and each second electrode 22), one liquid crystal sub-grating 31 (i.e., a portion of the liquid crystal grating
30 located in each sub-pixel 101) is formed in each sub-pixel 101. In this way, voltages applied to the first electrode 21
and the second electrode 22 corresponding to each sub-pixel 101 may be separately adjusted, so that the diffraction
capability of the liquid crystal sub-grating 31 in each sub-pixel 101 may be controlled separately, and further each sub-
pixel 101 may display a grayscale with a preset value as required.
[0071] Based on this, arrangement manners of the first electrodes 21 and the second electrodes 22 in the control
electrode 60 are described in detail below with examples.
[0072] In some examples, the second electrode 22 corresponding to each sub-pixel 101 is in a block shape. In this
case, the plurality of second electrodes 22 are insulated from each other or have an integrated structure.
[0073] For example, as shown in FIG. 5a, every two adjacent second electrodes 22 are spaced apart.
[0074] For another example, as shown in FIG. 5b, every two adjacent second electrodes 22 are electrically connected
through a connection portion 221, and the connection portion 221 has a linear structure and has a small area. In this
case, there is a hollow region CC between multiple adjacent second electrodes 22.
[0075] For yet another example, as shown in FIG. 5c, every two adjacent second electrodes 22 are electrically con-
nected through a connection portion 221, and the connection portion 221 has a planar structure and has a large area.
In this case, there is no hollow region between multiple adjacent second electrodes 22, and the plurality of second
electrodes 22 having an integrated structure in the display area AA constitute a whole electrode layer, and the whole
electrode layer is in at least the display area AA of the display panel 01.
[0076] In addition, the connection portion 221 and the second electrode 22 are made of a same material and disposed
in a same layer. That is, the connection portions 221 and the second electrodes 22 may be formed in a single patterning
process. Some embodiments of the present disclosure do not limit the arrangement manner in which the second elec-
trodes 22 have an integrated structure.
[0077] In some examples, the first electrodes 21 and the second electrodes 22 are disposed above a same substrate.
For example, as shown in FIG. 6, the first electrodes 21 and the second electrodes 22 are all formed above the first
substrate 11, and there is at least one insulating layer 23 between the second electrodes 22 and the first electrodes 21.
In this case, in a same plane, parallel electric fields are generated at edges of the first sub-electrodes 210 in each first
electrode 21, and a longitudinal electric field is generated between each first electrode 21 and a corresponding second
electrode 22 that are both located above the first substrate 11. A multi-dimensional electric field composed of the parallel
electric field and the longitudinal electric field may drive the corresponding liquid crystal molecules in the liquid crystal
layer 100 to turn over, thereby forming the liquid crystal grating 30.
[0078] In addition, in some other examples, the arrangement manners of the first electrodes 21 and the second
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electrodes 22 may also be disposed in a same layer and in an insulating manner, as shown in FIG. 7.
[0079] As shown in FIG. 7, the first electrodes 21 and the second electrodes 22 are both manufactured above the first
substrate 11. The first electrode 21 in each sub-pixel 101 includes a plurality of first sub-electrodes 210 spaced apart
and electrically connected, and the second electrode 22 in each sub-pixel 101 includes a plurality of second sub-
electrodes 220 spaced apart and electrically connected. In a same sub-pixel 101, one second sub-electrode 220 is
spaced from one first sub-electrode 210 in a direction parallel to the first substrate 11. In this case, parallel electric fields,
which are respectively generated between two adjacent first sub-electrodes 210 in each first electrode 21, between two
adjacent second sub-electrodes 220 in each second electrode 22, and between each adjacent first sub-electrode 210
and second sub-electrode 220, may drive the liquid crystal molecules in the liquid crystal layer 100 to turn over, thereby
forming the liquid crystal grating 30.
[0080] Referring to FIGS. 8, 9 and 14, some embodiments of the present disclosure provide a display apparatus 1000
including any one of the display panels as described above.
[0081] The display apparatus 1000 further includes a light source 02 disposed at a light incident surface of the display
panel 01 in a thickness direction thereof. The light source 02 is configured to provide incident light incident into the optical
waveguide 10, i.e., the liquid crystal layer 100 of the display panel 01. The refraction angle α of the incident light incident
into the liquid crystal layer 100 is in a range of (θ0-90°, 90°-θ0), where θ0 is a total reflection critical angle of a total
reflection interface corresponding to the totally-reflected light in the liquid crystal layer 100.
[0082] The display apparatus is any product or component having a display function such as a display, a television,
a digital photo frame, a mobile phone, or a tablet computer. The display apparatus has the same technical effects as
the display panel 01 provided in some of the aforementioned embodiments, and details are not described herein again.
[0083] In some embodiments, a light-emitting surface of the light source 02 covers at least a light incident surface of
the liquid crystal layer 100 in the optical waveguide 10 of the display panel 01.
[0084] For example, an area of the light-emitting surface of the light source 02 is the same as an area of the light
incident surface of the optical waveguide 10.
[0085] For example, as shown in FIG. 1, the optical waveguide 10 includes the insulating planarization layer 61, the
liquid crystal layer 100, and the second substrate 12. The light-emitting surface of the light source 02 covers exactly the
corresponding side surfaces (i.e., parts of the light incident surface) of the insulating planarization layer 61, the liquid
crystal layer 100, and the second substrate 12 in a thickness direction thereof.
[0086] Or, for another example, as shown in FIG. 4, the optical waveguide 10 includes the first substrate 11, the control
electrode 60, the insulating planarization layer 61, the first alignment layer 51, the liquid crystal layer 100, the second
alignment layer 52, and the second substrate 12. The light-emitting surface of the light source 02 exactly covers the
corresponding side surfaces (i.e., parts of the light incident surface) of the first substrate 11, the control electrode 60,
the insulating planarization layer 61, the first alignment layer 51, the liquid crystal layer 100, the second alignment layer
52, and the second substrate 12 in a thickness direction thereof. In this way, an incident rate of the light from the light
source 02 incident into the optical waveguide 10 may be increased.
[0087] Or, for yet another example, with continued reference to FIG. 4, the display apparatus 1000 further includes
the transparent cover plate 62 disposed at the light-emitting side of the display panel 01. There is an air buffer 63 between
the transparent cover plate 62 and the first substrate 11 in the display panel 01. The optical waveguide 10 includes the
first substrate 11, the control electrode 60, the insulating planarization layer 61, the liquid crystal layer 100, the second
substrate 12, and air buffer(s) 63 on surface(s) of at least one of the first substrate 11 or the second substrate 12 away
from the liquid crystal layer 100. In this way, the light-emitting surface of the light source 02 exactly covers the corre-
sponding side surfaces (i.e., parts of the light incident surface) of the first substrate 11, the control electrode 60, the
insulating planarization layer 61, the first alignment layer 51, the liquid crystal layer 100, the second alignment layer 52,
and the second substrate 12 in the optical waveguide 10 in a thickness direction thereof.
[0088] Of course, in some examples, two opposite side surfaces of the display panel 01 are light incident surfaces of
the display panel 01 in its thickness direction respectively, and each of the two side surfaces is provided with a light
source 02. In this way, the light loss due to the coupling-out of light during propagation of light in the optical waveguide
10 (i.e., the liquid crystal layer 100), thereby avoiding reducing image quality displayed by the display panel 01.
[0089] In the following, some implementations adopted by the display apparatus 1000 in the process of color display
are exemplified.
[0090] In some embodiments, the light source 02 is a white light source configured to emit white light. A plurality of
sub-pixels 101 are provided in a display area AA of the display panel 01.
[0091] As shown in FIG. 8, the display panel 01 further includes a color filter layer 40 disposed on the first substrate
11 and located at a side of the control electrode 60 away from the liquid crystal layer 100. The color filter layer 40 includes
a plurality of filter units 401. There is a filter unit 401 in each sub-pixel 101.
[0092] For example, the color filter layer 40 is disposed on a surface of the first substrate 11 proximate to the control
electrode 60. In a case where the optical waveguide 10 includes the first substrate 11, the optical waveguide 10 further
includes the color filter layer 40.
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[0093] For example, at least three adjacent sub-pixels 101 constitute a pixel. The filter units 401 in different sub-pixels
101 of a same pixel may be different or the same, which is not limited in some embodiments of the present disclosure.
In an example where three sub-pixels 101 are provided in a same pixel and the filter units 401 in the three sub-pixels
101 are different, a red (R) filter unit 401, a green (G) filter unit 401, and a blue (B) filter unit 401 are respectively provided
in the three sub-pixels 101 of the pixel.
[0094] In this way, in a case where the display apparatus 1000 is in the dark state, the first electrode 21 and the second
electrode 22 corresponding to each sub-pixel 101 receive the invalid electrical signals or no voltage is applied to the
first electrode 21 and the second electrode 22, so as to ensure that the refraction angle of the incident light incident from
the light source 02 into the optical waveguide 10 (i.e., the liquid crystal layer 100) satisfies the condition that the incident
light is totally reflected in the optical waveguide 10. As a result, the incident light is totally reflected on the total reflection
interfaces in the optical waveguide 10, so that it is ensured that the incident light incident into the optical waveguide 10
(i.e., the liquid crystal layer 100) cannot be emitted from the optical waveguide 10 to avoid a light leakage of the display
apparatus 1000 in the dark state.
[0095] In addition, in the process of displaying an image by the display apparatus 1000, according to the grayscales
with values (except grayscale value 0) required to be displayed by the sub-pixels 101, voltages are applied respectively
to the first electrodes 21 and the second electrodes 22 corresponding to different sub-pixels 101. In this way, a set of
liquid crystal sub-gratings 31 can be formed in each sub-pixel 101 that does not display a grayscale with value 0, and
under diffraction action of the set of liquid crystal sub-gratings 31, the light in the optical waveguide 10 is controlled to
be coupled out according to diffraction capabilities of the liquid crystal sub-gratings 31.
[0096] Of course, the light diffracted by a set of liquid crystal sub-gratings 31 in each sub-pixel 101 is one of red light,
green light, or blue light through the color filtering of the corresponding color filter unit 401, thereby achieving color display.
[0097] In some other embodiments, the light source 02 is a white light source and configured to emit white light. A
plurality of sub-pixels 101 are provided in the display area AA of the display panel 01. At least three adjacent sub-pixels
101 constitute a pixel.
[0098] As shown in FIG. 9, the number of the first sub-electrodes 210 in different sub-pixels 101 in the same pixel is
different. In this way, by adjusting the number of the first sub-electrodes 210 in the first electrode 21 in each sub-pixel
101, that is, by adjusting a width of each first sub-electrode 210 in the first electrode 21 and a distance between two
adjacent first sub-electrodes 210, different sub-pixels 101 in the same pixel are able to diffract lights with different
wavelengths in a fixed emission direction, thereby achieving color display.
[0099] For example, a wavelength λ of light that each sub-pixel 101 is able to emit satisfies the following formula: 

where θ1 is an incident angle of the totally-reflected light (i.e., the light in the optical waveguide 10) incident into a
corresponding total reflection interface; n1 is a refractive index of an optically denser medium (that is, a first medium in
which the light incident onto the total reflection interface is located in the optical waveguide 10) corresponding to the
total reflection interface, n2 is a refractive index of an optically thinner medium (that is, a second medium in the optical
waveguide 10 that is adjacent to the first medium to form the total reflection interface) corresponding to the total reflection
interface, and n1 is greater than n2 (n1 > n2); m is a diffraction order of the liquid crystal sub-grating 31 corresponding
to each sub-pixel 101; Λ is a period of the liquid crystal sub-grating 31 corresponding to each sub-pixel 101; and θ2 is
a light-emitting angle corresponding to each sub-pixel 101.
[0100] In an example where the optical waveguide 10 includes the first substrate 11, the control electrode 60, the
insulating planarization layer 61, the first alignment layer 51, the liquid crystal layer 100, the second alignment layer 52,
the second substrate 12, and air buffers 63 located on surfaces of the first substrate 11 and the second substrate 12
away from the liquid crystal layer 100, the total reflection interfaces corresponding to the totally-reflected light in the
optical waveguide 10 includes a first total reflection interface where the first substrate 11 is in contact with its corresponding
air buffer 63, and a second total reflection interface where the second substrate 12 is in contact with its corresponding
air buffer 63. In this way, a refractive index n1 of the first medium (i.e., an optically denser medium) in which the light
incident into the first total reflection interface in the optical waveguide 10 is located is the refractive index of the first
substrate 11, and a refractive index n2 of the second medium (i.e., an optically thinner medium) that is adjacent to the
first substrate 11 to form the first total reflection interface in the optical waveguide 10 is the refractive index of the air
buffer 63 in contact with the first substrate 11. A refractive index n1 of the first medium (i.e., an optically denser medium)
in which the light incident into the second total reflection interface in the optical waveguide 10 is located is the refractive
index of the second substrate 12, and a refractive index n2 of the second medium (i.e., an optically thinner medium) that
is adjacent to the second substrate 12 to form the second total reflection interface in the optical waveguide 10 is the
refractive index of the air buffer 63 in contact with the second substrate 12. In a case where the first substrate 11 and
the second substrate 12 have a same refractive index, the first total reflection interface and the second total reflection
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interface have a same total reflection critical angle.
[0101] In this case, for a near-eye display apparatus, since a display panel of the near-eye display apparatus is very
close to the user’s eyes, the user’s eyes generally only receive the light emitted from a certain angle. In addition, for a
virtual reality (VR) display apparatus or an augmented reality (AR) display apparatus, a light emission direction of any
sub-pixel in the display panel 01 of the display apparatus is fixed. Therefore, in the process of designing and manufacturing
the display panel 01, the light emission directions of the sub-pixels 101 in the display panel 01 may be designed through
optical simulation software, so as to obtain the light-emitting angle θ2 corresponding to each sub-pixels 101 in formula
(2) (that is, an angle between a direction of the diffracted light corresponding to the liquid crystal sub-grating 31 in each
sub-pixel 101 and a normal to a plane on which the light-emitting surface of the display panel 01 is located).
[0102] It will be seen that in formula (2), the incidence angle θ1 of the light in the optical waveguide 10 incident onto
its total reflection interface, the refractive index n1 of the first medium in which the light incident onto the total reflection
surface in the optical waveguide 10 is located, the refractive index n2 of the second medium in the optical waveguide
10 that is adjacent to the first medium to form a total reflection interface, the light-emitting angle θ2 corresponding to
each sub-pixel 101, and the diffraction order m of the liquid crystal sub-grating 31 corresponding to each sub-pixel 101
are all known.
[0103] In addition, by adjusting the number of the first sub-electrodes 210 of the first electrode 21 in each sub-pixel
101, the period Λ of the corresponding liquid crystal sub-grating 31 in the sub-pixel 101 may be adjusted, and further
the wavelength λ of the diffracted light corresponding to the liquid crystal sub-grating 31 may be adjusted.
[0104] Therefore, after the number of the first sub-electrodes 210 of the first electrode 21 in each sub-pixel 101 is
determined, each sub-pixel 101 in the display panel 01 can emit light with a predetermined wavelength in a given direction
(that is, the light-emitting angle θ2 corresponding to each sub-pixel 101 or the light-emitting direction of the diffracted
light of the liquid crystal sub-grating 31 corresponding to each sub-pixel 101), thereby achieving color display. Here,
each sub-pixel 101 may or not be provided with a filter unit 401 with a color corresponding to the color of the monochromatic
light emitted by the sub-pixel 101, which is not limited in some embodiments of the present application.
[0105] In addition, as will be seen from formula (2), a wavelength λ of the monochromatic light emitted by each sub-
pixel 101 is proportional to the period Λ of the liquid crystal sub-grating 31 in the sub-pixel 101. The period Λ of each
liquid crystal sub-grating 31 is inversely proportional to the number of the first sub-electrodes 210 in the first electrode
21 of the corresponding sub-pixel 101. Therefore, in a case where the plurality of sub-pixels 101 in the display area AA
include sub-pixels 101 configured to emit monochromatic lights with different wavelengths, the wavelength λ of the
monochromatic light emitted by each sub-pixel 101 is inversely proportional to the number of corresponding first sub-
electrodes 210 in the sub-pixel 101.
[0106] In some examples, the sub-pixels 101 emitting monochromatic lights with different wavelengths include: sub-
pixels emitting red light (R), sub-pixels emitting green light (G), and sub-pixels emitting blue light (B). The wavelength
λR of the red light (R) is in a range from 622nm to 760nm, the wavelength λG of the green light (G) is in a range from
492nm to 577nm, and the wavelength λB of the blue light (B) is in a range from 435nm to 450nm. That is, λR is greater
than λG, and λG is greater than λB (λR > λG > λB). Therefore, as will be seen from formula (2), the period ΛR of the liquid
crystal sub-grating 31 in each sub-pixel 101 emitting red light (R), the period ΛG of the liquid crystal sub-grating 31 in
each sub-pixel 101 emitting green light (G), and the period ΛB of the liquid crystal sub-grating 31 in each sub-pixel 101
emitting blue light (B), satisfy the following relationship: ΛR is greater than ΛG, and ΛG is greater than ΛB (ΛR > ΛG > ΛB).
[0107] As will be known from the above, the period Λ of each liquid crystal sub-grating 30 is inversely proportional to
the number of the first sub-electrodes 210 in the sub-pixel 101 corresponding to the liquid crystal sub-grating 30. Therefore,
as shown in FIG. 9, the number of first sub-electrodes 210 in each sub-pixel 101 configured to emit red light (R) is less
than the number of first sub-electrodes 210 in each sub-pixel 101 configured to emit green light (G); and the number of
first sub-electrodes 210 in each sub-pixel 101 configured to emit green light (G) is less than the number of first sub-
electrodes 210 in each sub-pixel 101 configured to emit blue light (B).
[0108] The above description is only made by taking as an example that the display panel 01 includes three types of
sub-pixels 101 configured to emit red light (R), green light (G), and blue light (B). In a case where the display panel 01
further includes at least one type of sub-pixels 101 configured to emit light with other colors, the number of the first sub-
electrodes 210 of each sub-pixel 101 in the at least one type of sub-pixels 101 may refer to the above arrangement
process, which will not be described herein again.
[0109] In summary, in the color display scheme provided by some embodiments of the present disclosure, a normal
color display can be achieved only when the light-emitting angle corresponding to each sub-pixel 101 in the display
panel 01 is determined. Therefore, the scheme is suitable for a near-eye display and a display of application scenarios
such as VR or AR.
[0110] Some embodiments of the present disclosure provide a method of controlling the display apparatus. As shown
in FIG. 10, the method of controlling the display apparatus includes step 101 to step 102 (S101 ∼ S102).
[0111] In S101, the light source 02 is controlled to provide incident light to the liquid crystal layer 100 of the display
panel 01, and a refraction angle α of the incident light incident into the liquid crystal layer 100 is in a range of (θ0-90°,
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90°-θ0), where θ0 is a total reflection critical angle of a total reflection interface corresponding to the totally-reflected light
in the liquid crystal layer 100.
[0112] In S102, voltages are applied to the control electrode 60 to control the incident light to propagate through total
reflection in the liquid crystal layer 100, or to form a liquid crystal grating 30 to make the totally-reflected light in the liquid
crystal layer 100 coupled out at a side of the first substrate 11.
[0113] Here, if the voltages applied to the control electrode 60 are invalid electrical signals (e.g., null signals), that is,
the control electrode 60 is not able to generate an electric field after receiving the invalid electrical signals, the light
incident into the liquid crystal layer 100 may be totally reflected in the optical waveguide 10 where the liquid crystal layer
100 is located. The liquid crystal layer 100 is a component of the optical waveguide 10, and the liquid crystal layer 100
is in a transparent state, i.e., in a light-transmittable state, without an electric field.
[0114] If the voltages applied to the control electrode 60 are effective electrical signals (e.g., a plurality of electrical
signals having voltage differences), the control electrode 60 generates a plurality of electric fields after receiving the
effective electrical signals, so as to form a liquid crystal grating 30 in the liquid crystal layer 100.
[0115] Based on this, in a case where the display panel 01 includes a plurality of sub-pixels 101 arranged in an array,
the control electrode 60 includes one first electrode 21 located in each sub-pixel 101. The liquid crystal grating 30 includes
a plurality of liquid crystal sub-gratings 31 in one-to-one correspondence with the sub-pixels 101. The liquid crystal sub-
gratings 31 formed in some sub-pixels 101 that are proximate to the light source 02 may receive more light, and the
liquid crystal sub-gratings 31 formed in some sub-pixels 101 that are farther away from the light source 02 may receive
slightly less light.
[0116] In S102, the step of forming a liquid crystal grating 30 to make the totally-reflected light in the liquid crystal layer
100 coupled out at a side of the first substrate 11, further includes: applying a voltage to each first electrode 21 to control
a light intensity of diffracted light of the liquid crystal sub-grating 31 corresponding to each sub-pixel 101 to be 0.1% to
20% of a light intensity of the incident light.
[0117] In this way, a part of the incident light received by the liquid crystal sub-grating 31 can be diffracted out of the
optical waveguide 10 by utilizing the liquid crystal sub-grating 31 corresponding to each sub-pixel 101. In this case,
another part of the incident light that can be received by each liquid crystal sub-grating 31 can continue to propagate in
the optical waveguide 10, such that the light loss during the propagation of the light in the optical waveguide 10 may be
compensated. Thereby, the amount of light that can be received by each liquid crystal sub-grating 31 in some of the
sub-pixels 101 farther from the light source 02 is increased. And further it is ensured that a luminance of the light coupled
out by the liquid crystal sub-gratings 31 in some sub-pixels 101 proximate to the light source 02 tends to be consistent
with a luminance of the light coupled out by the liquid-crystal sub-gratings 31 in some sub-pixels 101 farther from the
light source 02, so as to improve the uniformity of the display luminance of the entire display panel 01.
[0118] It will be noted that, in order to make the light intensity of the diffracted light of each liquid crystal sub-grating
31 be 0.1% to 20% of the light intensity of the incident light of the liquid crystal sub-grating 31, voltages applied to the
first electrode 21 and the second electrode 22 corresponding to the control electrode 60 may be adjusted several times
to obtain an electric field such that the light intensity of the diffracted light of each liquid crystal sub-grating 31 meet the
above conditions.
[0119] In some embodiments of the present disclosure, the light intensity of the diffracted light of the liquid crystal sub-
grating 31 in each sub-pixel 101 is controlled to be 0.1% to 20% of the light intensity of the incident light of the liquid
crystal sub-grating 31 in each sub-pixel 101. In this way, not only can the amount of light emitted by the sub-pixel
corresponding to each liquid crystal sub-grating 31 be prevented from being too small, which causes the display luminance
of the display panel 01 to be too low, but also the light loss of the light in the optical waveguide 10 caused by the
propagation process can be reduced on the premise of ensuring that the sub-pixel corresponding to each liquid crystal
sub-grating 31 has an emission luminance meeting the requirements. Thereby the uniformity of the emission luminance
of the entire display panel 01 is improved.
[0120] In some embodiments, the control electrode 60 includes a plurality of first electrodes 21 and a plurality of second
electrodes 22. One first electrode 21 and one second electrode 22 are provided in each sub-pixel 101. In S102, applying
voltages to the control electrode 60 further includes: applying a same voltage to the first electrode 21 in each sub-pixel
101 displaying a same grayscale, and applying a same voltage to the second electrode 22 in each sub-pixel 101 displaying
a same grayscale. In this way, the light intensity of the diffracted light of the liquid crystal sub-grating 31 in each sub-
pixel 101 displaying the same grayscale is the same, thereby ensuring that the display luminance of the sub-pixels 101
displaying the same grayscale in the display panel 01 is the same.
[0121] Based on the method of controlling the display apparatus, in yet some other embodiments, as shown in FIG.
11, the light source 02 includes a plurality of monochromatic sub-light sources with different colors, which are configured
to emit a variety of monochromatic lights with different colors in a different time period. The display panel 01 includes a
plurality of sub-pixels 101. In S101, the step of controlling the light source 02 to provide incident light to the liquid crystal
layer 100 further includes: in a single frame, controlling a plurality of monochromatic sub-light sources with different
colors to sequentially emit monochromatic lights with different colors in a different time period. For example, the light
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source 02 sequentially emits three primary color lights, i.e., red (R), green (G), and blue (B) primary color lights, and
monochromatic lights with different colors emitted by the light source 02 in a single frame can be mixed into white light.
[0122] For example, the light source 02 includes a variety of sub-light sources arranged in a dot matrix, such as red
(R), green (G), and blue (B) sub-light sources arranged in a dot matrix, in which the sub-light sources arranged in a dot
matrix of each color are driven in a different time period. For example, in a first time period in a single frame, as shown
in FIG. 11, the R sub-light sources arranged in a dot matrix emit light, and then, in a second time period in the single
frame, as shown in FIG. 12, the G sub-light sources arranged in a dot matrix emit light, and finally, in a third time period
in the single frame, as shown in FIG. 13, the B sub-light sources arranged in a dot matrix emit light.
[0123] Correspondingly, after a corresponding liquid crystal sub-grating 31 is formed in each sub-pixel 101, in the
above S102, the step of making the totally reflected light in the liquid crystal layer 100 coupled out at a side of the first
substrate 11, further includes: in a single frame, controlling the monochromatic lights with different colors incident into
the liquid crystal layer 100 to be sequentially coupled out at a position of each sub-pixel 101.
[0124] Here, each sub-pixel 101 is a sub-pixel with a color (that is, a filter unit 401 with a color corresponding to the
color of the sub-pixel is provided in the sub-pixel 101), or a sub-pixel without a color (that is, no filter unit 401 with a color
is provided in the sub-pixel 101).
[0125] In some examples, as shown in FIG. 11, each sub-pixel 101 is a sub-pixel without a color, and a black matrix
402 and a light-transmittable planarization portion 403 provided in a same layer and with a same thickness as the black
matrix 402 are disposed in each sub-pixel 101. In some embodiments of the present disclosure, in a single frame, the
monochromatic lights with different colors incident into the liquid crystal layer 100 can be controlled to be sequentially
coupled out at the position of each sub-pixel 101 by utilizing a variety of monochromatic lights with different colors emitted
by the light source 02 in a different time period and the liquid crystal sub-grating 31 formed in each sub-pixel 101. That
is, in each frame, each sub-pixel 101 is multiplexed into sub-pixels with different colors in a different time period. Thereby,
light received by the user’s eyes is equivalent to light obtained by superposing and mixing the monochromatic lights with
different colors emitted by each sub-pixel 101 in the single frame, that is, the user can view a color image. In this way,
each sub-pixel 101 may emit light with a plurality of colors in the single frame, thereby ensuring the display panel 01 to
achieve color display and effectively improving the resolution of the display panel 01. Based on this, optionally, in the
single frame, each monochromatic light in the monochromatic lights with different colors emitted by the light source 02
has a same light-emitting duration, so that each sub-pixel 101 may uniformly mix the light with different colors emitted
by the light source 02 in the single frame.
[0126] Of course, based on this, in another example, by controlling the voltages applied to the corresponding first
electrode 21 and second electrode 22 in each sub-pixel 101, each sub-pixel 101 is caused to selectively emit one or
more types of monochromatic lights in the single frame.
[0127] In yet some other examples, as shown in FIG. 12, each sub-pixel 101 is a sub-pixel with a color, that is, a filter
unit 401 with a color corresponding to the color of the sub-pixel is provided in each sub-pixel 101. In some embodiments
of the present disclosure, a variety of monochromatic lights with different colors emitted by the light source 02 in a
different time period and a liquid crystal sub-grating 31 formed in each sub-pixel 101 are utilized to control the mono-
chromatic lights with different colors incident into the liquid crystal layer 100 to be sequentially coupled out at a position
of the sub-pixel 101 with a color corresponding to the color of the monochromatic light in a single frame. That is, the
sub-pixels 101 in each pixel emit monochromatic lights with different colors in a different time period. Thereby, light
received by the user’s eyes is equivalent to light obtained can by superposeing and mixing the monochromatic lights
with different colors emitted by each sub-pixel 101 in the single frame, that is, the user can view a color image.
[0128] The method of controlling the display apparatus described in some embodiments of the present disclosure may
be implemented by executing instructions. The instructions may be executed by one or more processors, which may be
stored in a random access memory (RAM), a flash memory, a read only memory (ROM), an erasable programmable
ROM (EPROM), an electrically EPROM (EEPROM), a register, a hard disk, a mobile hard disk, a compact disc read
only memory (CD-ROM) or any other forms of storage media well known in the art.
[0129] Based on this, some embodiments of the present disclosure provide a computer product including one or more
processors configured to execute computer instructions, so as to perform one or more steps in the method of controlling
the display apparatus as described in some embodiments above.
[0130] Some embodiments of the present disclosure provide a non-transitory computer-readable storage medium
storing computer instructions that, when executed by a display apparatus, cause the display apparatus to perform the
method of controlling the display apparatus as described in some embodiments above.
[0131] Some embodiments of the present disclosure provide a computer program that, when loaded into a processor,
causes the processor to perform the method of controlling the display apparatus as described in some embodiments
above.
[0132] Those skilled in the art will appreciate that, in one or more examples described above, the functions described
may be implemented in hardware, software, firmware or any combination thereof. When implemented in software, the
functions may be stored in or transmitted over as one or more instructions or code in a computer-readable medium. The
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computer-readable medium includes a computer storage medium and a communication medium including any medium
that facilitates transfer of a computer program from one place to another. The storage medium may be any available
medium that may be accessed by a general-purpose or special-purpose computer.
[0133] In the above description of the embodiments, specific features, structures, materials or characteristics may be
combined in any suitable manner in any one or more embodiments or examples.
[0134] The foregoing descriptions are merely some specific implementation manners of the present disclosure, but
the protection scope of the present disclosure is not limited thereto. Any person skilled in the art could readily conceive
of changes or replacements within the technical scope of the present disclosure, which shall all be included in the
protection scope of the present disclosure. Therefore, the protection scope of the present disclosure shall be subject to
the protection scope of the claims.

Claims

1. A display panel, comprising:

a liquid crystal layer;
a first substrate and a second substrate that are disposed at opposite sides of the liquid crystal layer; and
a control electrode disposed above the first substrate, the control electrode being configured to receive electrical
signals to control light incident into the liquid crystal layer to propagate through total reflection, or to form a liquid
crystal grating to make totally-reflected light in the liquid crystal layer coupled out at a side of the first substrate.

2. The display panel according to claim 1, wherein the control electrode includes a plurality of first electrodes and a
plurality of second electrodes, and the plurality of first electrodes and the plurality of second electrodes are insulated
from each other; and
the display panel further comprises a plurality of sub-pixels arranged in an array; wherein one first electrode is
correspondingly provided in each sub-pixel, and each first electrode includes a plurality of first sub-electrodes spaced
apart and electrically connected.

3. The display panel according to claim 2, wherein one second electrode is correspondingly provided in each sub-
pixel; and each second electrode includes a plurality of second sub-electrodes spaced apart and electrically con-
nected; and
In a same sub-pixel, one second sub-electrode and one first sub-electrodes are spaced apart from each other in a
direction parallel to the first substrate.

4. The display panel according to claim 2, wherein the plurality of sub-pixels include sub-pixels configured to emit
monochromatic lights with different wavelengths; and
a wavelength of monochromatic light emitted by each sub-pixel is inversely proportional to a number of first sub-
electrodes in the sub-pixel.

5. The display panel according to claim 4, wherein the sub-pixels emitting monochromatic lights with different wave-
lengths include sub-pixels emitting red light, sub-pixels emitting green light, and sub-pixels emitting blue light; wherein
a number of first sub-electrodes in each sub-pixel that is configured to emit red light is less than a number of first
sub-electrodes in each sub-pixel that is configured to emit green light; and the number of first sub-electrodes in each
sub-pixel that is configured to emit green light is less than a number of first sub-electrodes in each sub-pixel that is
configured to emit blue light.

6. The display panel according to claim 1, further comprising an insulating planarization layer disposed at a side of the
control electrode proximate to the liquid crystal layer; wherein a refractive index of a material of the insulating
planarization layer is equal to a refractive index of a material of the control electrode, and a shape of the insulating
planarization layer is complementary to a shape of the control electrode so that a surface of the insulating planarization
layer proximate to the liquid crystal layer is flat.

7. The display panel according to claim 6, further comprising:

a first alignment layer disposed above the first substrate and located at a side of the insulating planarization
layer proximate to the liquid crystal layer; and
a second alignment layer disposed above the second substrate.
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8. The display panel according to claim 6 or 7, wherein
total reflection interfaces corresponding to the totally-reflected light are between the liquid crystal layer and the first
substrate, and between the liquid crystal layer and the second substrate.

9. The display panel according to claim 6 or 7, wherein total reflection interfaces corresponding to the totally-reflected
light are between the liquid crystal layer and the insulating planarization layer, and between the liquid crystal layer
and the second substrate.

10. The display panel according to claim 6 or 7, wherein
total reflection interfaces corresponding to the totally-reflected light are at a side of the first substrate away from the
liquid crystal layer, and at a side of the second substrate away from the liquid crystal layer.

11. The display panel according to any one of claims 7 to 10, further comprising a color filter layer disposed above the
first substrate and located at a side of the control electrode away from the liquid crystal layer.

12. A display apparatus, comprising a light source and the display panel according to any one of claims 1 to 11, wherein
the light source is disposed at a light incident surface of the display panel in a thickness direction;
the light source is configured to provide incident light incident into the liquid crystal layer, and a refraction angle of
the incident light incident into the liquid crystal layer is in a range of (θ0-90°, 90°-θ0), where θ0 is a total reflection
critical angle of a total reflection interface corresponding to the totally-reflected light in the liquid crystal layer.

13. The display apparatus according to claim 12, further comprising a transparent cover plate disposed at a light-emitting
side of the display panel; and an air buffer disposed between the transparent cover plate and the first substrate in
the display panel.

14. The display apparatus according to claim 12, wherein the light source includes at least three types of monochromatic
sub-light sources with different colors.

15. The display apparatus according to claim 12, wherein the light source is a white light source;
the display panel includes a plurality of sub-pixels with different colors; the liquid crystal grating in the display panel
includes a plurality of liquid crystal sub-gratings; the plurality of liquid crystal sub-gratings are in one-to-one corre-
spondence with the plurality of sub-pixels;
a wavelength λ of light that each sub-pixel is able to emit satisfies the following formula: 

where θ1 is an incident angle at which the totally-reflected light is incident onto a corresponding total reflection
interface; n1 is a refractive index of an optically denser medium corresponding to the total reflection interface; n2 is
a refractive index of an optically thinner medium corresponding to the total reflection interface, and n1 is greater
than n2; m is a diffraction order of a liquid crystal sub-grating corresponding to each sub-pixel; Λ is a period of the
liquid crystal sub-grating corresponding to each sub-pixel; and θ2 is a light-emitting angle corresponding to each
sub-pixel.

16. A method of controlling the display apparatus according to any one of claims 12 to 15, comprising:

controlling the light source to provide incident light to the liquid crystal layer, and the refraction angle of the
incident light incident into the liquid crystal layer in the range of (θ0-90°, 90°-θ0), where θ0 is the total reflection
critical angle of the total reflection interface corresponding to the totally-reflected light in the liquid crystal layer;
and
applying voltages to the control electrode to control the incident light to propagate in the liquid crystal layer
through total reflection, or to form the liquid crystal grating to make the totally-reflected light in the liquid crystal
layer coupled out at a side of the first substrate.

17. The method of controlling the display apparatus according to claim 16, wherein the display panel includes a plurality
of sub-pixels arranged in an array; the control electrode includes one first electrode located in each sub-pixel; the
liquid crystal grating includes a plurality of liquid crystal sub-gratings in one-to-one correspondence with the plurality
of sub-pixels;
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forming the liquid crystal grating to make the totally-reflected light in the liquid crystal layer coupled out at a side of
the first substrate, further includes:
applying a voltage to each first electrode to control a light intensity of diffracted light of a liquid crystal sub-grating
corresponding to each sub-pixel to be 0.1% to 20% of a light intensity of the incident light.

18. The method of controlling the display apparatus according to claim 16, wherein the light source includes a plurality
of monochrome sub-light sources with different colors, and the display panel includes a plurality of sub-pixels; and
controlling the light source to provide incident light to the liquid crystal layer, further includes:

in a single frame, controlling the plurality of monochromatic sub-light sources with different colors to sequentially
emit monochromatic lights with different colors in a different time period; and
making the totally-reflected light in the liquid crystal layer coupled out at a side of the first substrate, further
includes:
in a single frame, controlling the monochromatic lights with different colors incident into the liquid crystal layer
to be sequentially coupled out at a position of each sub-pixel.

19. The method of controlling the display apparatus according to claim 18, wherein in the single frame, all the mono-
chromatic lights in the monochromatic lights with different colors have a same light-emitting duration.

20. A non-transitory computer-readable storage medium, wherein the non-transitory computer-readable storage medium
stores computer instructions that are configured to execute the method of controlling the display apparatus according
to any one of claims 16 to 19.
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