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(57) ABSTRACT
A liquid crystal display and an electronic device are dis-
closed. The control unit applies voltages to sub-electrodes
and a first transparent electrode according to image data to
generate electric fields, so that liquid crystal molecules in
regions of the liquid crystal layer corresponding to electrode
units are deflected to form micro-prism structures, and the
control unit controls the micro-prism structures by control-
ling magnitude of voltages on the sub-electrodes in the
electrode units, thereby controlling an energy distribution
ratio of emergent light resulted from refraction of the
backlight' light by the micro-prism structures and in a preset
viewing angle range. Accordingly, luminance of light enter-
ing into the preset viewing angle range can be realized
through controlling the micro-prism structures, thereby real-
izing gray scale display.
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LIQUID CRYSTAL DISPLAY AND
ELECTRONIC DEVICE

RELATED APPLICATIONS

[0001] The present application is the U.S. national phase
entry of PCT/CN2016/082444, with an international filing
date of May 18, 2016, which claims the benefit of Chinese
Patent Application No. 201610122020.5, filed on Mar. 3,
2016, the entire disclosures of which are incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical field
of display, and in particular to a liquid crystal display and an
electronic device.

BACKGROUND

[0003] An existing liquid crystal display panel generally
includes an array substrate and a color film substrate
arranged facing each other, a liquid crystal layer, a common
electrode and a pixel electrode located between the array
substrate and the color film substrate, as well as polarizers
disposed on the array substrate and the color film substrate,
respectively.

[0004] The principle of display of the existing liquid
crystal display panel is that natural light is converted into
linearly polarized light by the polarizer on the array sub-
strate, and voltages are applied to the pixel electrodes and
the common electrodes to form electric fields on both sides
of the liquid crystal layer; liquid crystal molecules in the
liquid crystal layer rotate under the effect of the electric
fields, thereby changing a polarization state of the linearly
polarized light; then the polarizer on the color film substrate
analyses polarization of the linearly polarized light, and the
polarization state can be controlled by controlling magnitude
of the electric fields; different polarization states imply
different transmittances of light emitted from the liquid
crystal display panel, thus realizing gray scale display of
images.

SUMMARY

[0005] An embodiment of the present disclosure provides
a liquid crystal display for realizing a wide viewing angle
display.

[0006] A liquid crystal display provided by an embodi-
ment of the present disclosure comprises a backlight, a lower
substrate at a light emergent side of the backlight, an upper
substrate disposed opposing to the lower substrate, and a
liquid crystal layer located between the upper substrate and
the lower substrate; and further comprises a first transparent
electrode and a second transparent electrode respectively
located on both sides of the liquid crystal layer, and a control
unit for applying voltages to the first transparent electrode
and the second transparent electrode; and wherein,

[0007] the first transparent electrode is a planar electrode;
the second transparent electrode includes a plurality of
electrode units, each including a plurality of sub-electrodes
arranged in parallel; the control unit is used for applying
voltages to the sub-electrodes and the first transparent elec-
trode according to image data when displaying, so that liquid
crystal molecules in regions of the liquid crystal layer
corresponding to the electrode units are deflected to form
micro-prism structures, and for controlling the micro-prism
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structures by controlling magnitude of voltages on the
sub-electrodes in the electrode units, thereby controlling an
energy distribution ratio of a preset viewing angle range of
emergent light resulted from refraction of the backlight’s
light by the micro-prism structures.

[0008] In certain exemplary embodiments, the first trans-
parent electrode and the second transparent electrode are
located between the upper substrate and the lower substrate.
[0009] In certain exemplary embodiments, the liquid crys-
tal display provided by the embodiment of the present
disclosure further comprises a light color conversion layer at
a side of the liquid crystal layer facing away from the lower
substrate; and wherein, the light color conversion layer is
used for converting, into light of at least one color, light in
regions corresponding to the micro-prism structures and
transmitted through the liquid crystal layer, and light from
the backlight is converted into light of at least three colors
after being transmitted through the light color conversion
layer.

[0010] In certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, the light color conversion layer is a light splitting
film or a color filter film.

[0011] In certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, light emitted from the backlight is quasi linear
light or parallel light.

[0012] In certain exemplary embodiments, the liquid crys-
tal display provided by the embodiment of the present
disclosure further comprises a human eye tracking unit;
[0013] the human eye tracking unit is used for determining
a preset viewing angle range by tracking a target human eye,
and sending the determined preset viewing angle range to
the control unit; and

[0014] the control unit adjusts voltages applied to the
sub-electrodes in the electrode units according to the preset
viewing angle range.

[0015] In certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, the first transparent electrode is located at a side
of the upper substrate facing the liquid crystal layer, and the
second transparent electrode is located at a side of the lower
substrate facing the liquid crystal layer; or the second
transparent electrode is located at the side of the upper
substrate facing the liquid crystal layer, and the first trans-
parent electrode is located at the side of the lower substrate
facing the liquid crystal layer.

[0016] In certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, the thicker an equivalent optical path of the
micro-prism structure in a direction along a cell thickness of
the liquid crystal display, the smaller a difference between
voltages applied to the transparent electrodes on both sides
of the liquid crystal layer corresponding to the micro-prism
structure.

[0017] In certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, the sub-electrodes have a shape of a curved line.
[0018] In certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, the shape of a curved line is a corrugated shape.
[0019] In certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, the sub-electrodes have a polyline shape.
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[0020] In certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, the polyline shape is to a sawtooth shape.
[0021] In certain exemplary embodiments, the liquid crys-
tal display provided by the embodiment of the present
disclosure further comprises a first polarizer located between
the lower substrate and the backlight.

[0022] In certain exemplary embodiments, the liquid crys-
tal display provided by the embodiment of the present
disclosure further comprises a second polarizer located at a
side of the upper substrate facing away from the liquid
crystal layer, and a direction of transmission axis of the
second polarizer is parallel to a direction of transmission
axis of the first polarizer.

[0023] In certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, the micro-prism structures are triangular prism
structures or quadrilateral prism structures.

[0024] An embodiment of the present disclosure further
provides an electronic device, which comprises the liquid
crystal display described in the above embodiments.
[0025] For the liquid crystal display and the electric device
provided by the embodiment of the present disclosure, when
displaying, the control unit applies voltages to the sub-
electrodes and the first transparent electrode according to
image data to generate electric fields so that liquid crystal
molecules in regions of the liquid crystal layer correspond-
ing to the electrode units are deflected to form micro-prism
structures, and the control unit controls magnitude of volt-
ages on the sub-electrodes in the electrode units to control
micro-prism structures, thereby controlling an energy dis-
tribution ratio of emergent light in a preset viewing angle
range that is resulted from refraction of the backlight' light
by the micro-prism structures. Accordingly, luminance of
light entering into the preset viewing angle range can be
realized through controlling the micro-prism structures,
thereby realizing gray scale display. Also, since the sub-
electrodes have a curved shape or a polyline shape, the
micro-prism structures may have a plurality of different
refraction directions so as to emit light from a plurality of
angles, thereby extending the viewing angle range of the
liquid crystal display and realizing wide viewing angle
display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIGS. 1a and 1b are respectively schematic struc-
tural diagrams of liquid crystal displays provided by
embodiments of the present disclosure;

[0027] FIGS. 2a-2d are respectively schematic diagrams
of principles of micro-prism structures in a liquid crystal
display provided by an embodiment of the present disclosure
realizing gray scale display;

[0028] FIGS. 3a-3d are respectively schematic diagrams
of principles of micro-prism structures in a liquid crystal
display provided by an embodiment of the present disclosure
realizing gray scale display;

[0029] FIGS. 4a-4g are respectively schematic diagrams
of principles of micro-prism structures in a liquid crystal
display provided by the embodiment of the present disclo-
sure realizing gray scale display;

[0030] FIG. 5 is a schematic diagram of relationship
between micro-prism structures in a liquid crystal display
provided by an embodiment of the present disclosure and
voltages on corresponding sub-electrodes;

Feb. 15,2018

[0031] FIGS. 6a and 6b are respectively schematic dia-
grams of shapes of sub-electrodes in a liquid crystal display
provided by an embodiment of the present disclosure;
[0032] FIGS. 7a and 7b are respectively structural sche-
matic diagrams of liquid crystal displays provided by
embodiments of the present disclosure;

[0033] FIGS. 8a and 8b are respectively structural sche-
matic diagrams of liquid crystal displays provided by
embodiments of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0034] To make the objects, technical solutions and advan-
tages of the present disclosure clearer, the present disclosure
will be further described in detail below in connection with
the drawings. It is obvious that the described embodiments
are merely some instead of all of embodiments of the present
disclosure. All other embodiments that can be obtained by
those ordinary skills in the art on the basis of embodiments
in the present disclosure without undue experimentation fall
into the protected scope of the present disclosure.

[0035] Shapes and sizes of components in the Figures do
not reflect true proportion, but are only intended to sche-
matically explain the present disclosure.

[0036] A liquid crystal display provided by an embodi-
ment of the present disclosure, as shown in FIGS. 1a and 15,
comprises a backlight 01, a lower substrate 02 at a light
emergent side of the backlight 01, an upper substrate 03
arranged opposing to the lower substrate 02, and a liquid
crystal layer 04 located between the upper substrate 03 and
the lower substrate 02; and further comprises:

[0037] a first transparent electrode 06 and a second trans-
parent electrode respectively located on both sides of the
liquid crystal layer 04, and a control unit (not shown in the
figures) for applying voltages to the first transparent elec-
trode 06 and the second transparent electrode; and wherein,
[0038] the first transparent electrode 06 is a planar elec-
trode; the second transparent electrode includes a plurality
of electrode units 07, each including a plurality of sub-
electrodes 070 arranged in parallel;

[0039] the control unit is used for applying voltages to the
sub-electrodes 070 and the first transparent electrode 06
according to image data when displaying, so that liquid
crystal molecules in regions of the liquid crystal layer 04
corresponding to the electrode units 07 are deflected to form
micro-prism structures, and for controlling magnitude of
voltages on the sub-electrodes 070 in the electrode units 07
to control the micro-prism structures, thereby controlling an
energy distribution ratio of emergent light in a preset view-
ing angle range that is resulted from refraction of the
backlight 01’s light by the micro-prism structures.

[0040] For the liquid crystal display provided by the
embodiment of the present disclosure, when displaying, the
control unit applies voltages to the sub-electrodes and the
first transparent electrode according to image data to gen-
erate electric fields so that liquid crystal molecules in
regions of the liquid crystal layer corresponding to the
electrode units are deflected to form micro-prism structures,
and the control unit controls magnitude of voltages on the
sub-electrodes in the electrode units to control micro-prism
structures, thereby controlling an energy distribution ratio of
a preset viewing angle range of emergent light resulted from
refraction of the backlight' light by the micro-prism struc-
tures. Accordingly, luminance of light entering into the
preset viewing angle range can be realized through control-



US 2018/0046026 A1l

ling the micro-prism structures, thereby realizing gray scale
display. Also, since the sub-electrodes have a curved shape
or a polyline shape, the micro-prism structures may have a
plurality of different refraction directions so as to emit light
from a plurality of angles, thereby extending the viewing
angle range of the liquid crystal display and realizing wide
viewing angle display.

[0041] It is to be noted that in the liquid crystal display
provided by the embodiment of the present disclosure, the
energy distribution ratio of the emergent light in the preset
viewing angle range refers to a ratio of energy of a part of
emergent light resulted from refraction of the backlight’s
light by a micro-prism structure and irradiated within the
preset viewing angle range to energy of all emergent light
resulted from refraction of the backlight’s light by the
micro-ptism structure.

[0042] In specific implementation, in the liquid crystal
display provided by the embodiment of the present disclo-
sure, as shown in FIG. 1a, the first transparent electrode 06
is located at a side of the upper substrate 03 facing the liquid
crystal layer 04, and the second transparent electrode (in-
cluding the electrode units 07 in the figure) is located at a
side of the lower substrate 02 facing the liquid crystal layer
04,

[0043] alternatively, as shown in FIG. 15, the second
transparent electrode (including the electrode units 07 in the
figure) is located at the side of the upper substrate 03 facing
the liquid crystal layer 04, and the first transparent electrode
06 is located at the side of the upper substrate 03 facing the
liquid crystal layer 04, which is not limited herein.

[0044] In certain exemplary embodiments, the first trans-
parent electrode 06 and the second transparent electrode are
located between the upper substrate 03 and the lower
substrate 02. By means of the above arrangement, liquid
crystal molecules in the liquid crystal layer 04 can be
controlled more precisely.

[0045] The principle of the present disclosure will be
explained in detail below in conjunction with specific
embodiments. It is to be noted that the embodiments are
intended to better illustrate the present disclosure, but not
intended to limit the present disclosure.

[0046] Specifically, micro-prism structures in regions to
the left and right of and right in front of a target human eye
are taken as examples to illustrate the principle that by
controlling micro-prism structures, the energy distribution
ratio of light emitted from the micro-prism structures within
a preset viewing angle range can be controlled so as to
realize gray scale display.

[0047] Specifically, as shown in FIGS. 2a-2d, when the
target human eye is to the right of the micro-prism structure
10, light refracted to the right by the micro-prism structure
10 enters the target human eye. As shown in FIG. 2a, when
the micro-prism structure 10 is a right angle triangular prism
and the hypotenuse of the right angle triangular prism is at
a side far away from the target human eye, light refracted by
the micro-prism structure 10 all irradiates towards the target
human eye; namely, the energy distribution ratio of emer-
gent light entering into the target human eye is 100%, so
high gray scale display can be realized. As shown in F1G. 25,
when the micro-prism structure 10 is an isosceles triangular
prism, half of light refracted by the micro-prism structure 10
irradiates toward the target human eye. Namely, the energy
distribution ratio of emergent light entering into the target
human eye is 50%, and thus medium gray scale display can
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be realized. As shown in FIG. 2¢, when the micro-prism
structure 10 is an ordinary triangular prism and the shortest
side of the ordinary triangular prism is at a side far away
from the target human eye, a small part of light refracted by
the micro-prism structure 10 irradiates toward the target
human eye. The energy distribution ratio of the emergent
light entering into the target human eye is hypothetically
20%, and thus a medium-low gray scale display can be
realized. As shown in FIG. 2d, when the micro-prism
structure 10 is a right angle triangular prism and the hypot-
enuse of the right angle triangular prism is at a side near the
target human eye, no light irradiates toward the target human
eye and thus low gray scale display can be realized.

[0048] Specifically, as shown in FIGS. 3a-3d, when the
target human eye is to the left of the micro-prism structure
10, light refracted to the left by the micro-prism structure 10
enters into the target human eye. As shown in FIG. 3a, when
the micro-prism structure 10 is a right angle triangular prism
and the hypotenuse of the right angle triangular prism is at
a side far away from the target human eye, light refracted by
the micro-prism structure 10 all irradiates toward the target
human eye. Namely, the energy distribution ratio of emer-
gent light entering into the target human eye is 100%, and
thus high gray scale display can be realized. As shown in
FIG. 3b, when the micro-prism structure 10 is an isosceles
triangular prism, half of light refracted by the micro-prism
structure 10 irradiates toward the target human eye. Namely,
the energy distribution ratio of emergent light entering into
the target human eye is 50%, and thus medium gray scale
display can be realized. As shown in FIG. 3¢, when the
micro-prism structure 10 is an ordinary triangular prism and
the shortest side of the ordinary triangular prism is at a side
far away from the target human eye, a small part of light
refracted by the micro-prism structure 10 irradiates toward
the target human eye. The energy distribution ratio of the
emergent light entering into the target human eye is hypo-
thetically 20%, and thus a medium-low gray scale display
can be realized. As shown in FIG. 3d, when the micro-prism
structure 10 is a right angle triangular prism and the hypot-
enuse of the right angle triangular prism is at a side near the
target human eye, no light irradiates toward the target human
eye, and thus low gray scale display can be realized.

[0049] Specifically, as shown in FIGS. 4a-4g, when the
target human eye is right in front of the micro-prism
structure 10, light refracted straight ahead by the micro-
prism structure 10 enters the target human eye. As shown in
FIG. 4a, when the micro-prism structure 10 is a rectangular
prism, light to refracted by the micro-prism structure 10 all
irradiates towards the target human eye. Namely, the energy
distribution ratio of emergent light entering into the target
human eye is 100%, and thus high gray scale display can be
realized. As shown in FIGS. 4b-4¢, when the micro-prism
structure 10 is a trapezoidal prism and the shorter bottom
side of the trapezoidal prism is at a side near the target
human eye, a part of light refracted by the micro-prism
structure 10 irradiates towards the target human eye, and
thus medium gray scale display can be realized. Specifically,
a percentage of light irradiated towards the target human eye
can be adjusted by adjusting relative lengths of the two
bottom sides of the trapezoidal prism. Hypothetically, the
energy distribution ratio of emergent light entering into the
target human eye is 60% in FIGS. 45 and 4c¢. and the energy
distribution ratio of emergent light entering into the target
human eye is 30% in FIGS. 4d and 4e. As shown in FIGS.
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4f and 4g, when the micro-prism structure 10 is a triangular
prism, no light is refracted straight ahead by the micro-prism
structure 10. Namely, no light irradiates towards the target
human eye, and thus low gray scale display can be realized.
[0050] The above illustrates, only by way of examples of
specific micro-prism structures, the principle of how to
control the energy distribution ratio of the emergent light
from the micro-prism structures within a preset viewing
angle range to realize gray scale display. The specific
micro-prism structures can also be other structures that can
realize a solution of the embodiment of the present disclo-
sure. The micro-prism structures are controlled by control-
ling sizes of the first transparent electrode and the sub-
electrodes according to an image data, which is not limited
herein. In addition, the eye shown in FIGS. 2a-4g are only
for showing directions of the target human eye, and in
specific implementation, the size of the eye can be corre-
sponding to a plurality of micro-prism structures.

[0051] It is to be noted that in the liquid crystal display
provided by the embodiment of the present disclosure, the
micro-prism structures shown in FIGS. 2g-4g are all illus-
trated by taking an example that the micro-prism structure
has a surface facing the human eye.

[0052] Further, in specific implementation, in the liquid
crystal display provided by the embodiment of the present
disclosure, the thicker the equivalent optical path of a
micro-prism structure in a direction along a cell thickness of
the liquid crystal display, the smaller the difference between
voltages applied to the transparent electrodes on both sides
of the liquid crystal layer corresponding to the micro-prism
structure. Take the micro-prism structure being a right angle
prism for example. As shown in FIG. 5, it is assumed that
one electrode unit 07 includes four sub-electrodes 070
arranged in parallel and the sub-electrodes 070 have a shape
of a straight line. Accordingly, in F1G. 5, voltages on the four
sub-electrodes 070 from left to right are V1, V2, V3 and V4,
respectively, and V1>V2>V3>V4, and the equivalent opti-
cal paths of the micro-prism structures 10 become thicker
and thicker. FIG. 5 is illustrated by taking an example that
the sub-electrodes 070 have a shape of a straight line. It can
be seen from FIG. 5 that a right angle prism formed when
the sub-electrodes 070 have a shape of a straight line emits
light in few directions, and the viewing angle is small
accordingly.

[0053] Therefore, in the liquid crystal display provided by
the embodiment of the present disclosure, the sub-electrodes
may have a shape of a curved line or a polyline. By forming
micro-prism structures having a plurality of refraction direc-
tions, the viewing angle range can be extended. Moreover,
in specific implementation, the more directions the sub-
electrodes have, the wider the viewing angle is.

[0054] In certain exemplary embodiments, in specific
implementation, in the liquid crystal display provided by the
embodiment of the present disclosure, the polyline shape of
the sub-electrodes 070 is a sawtooth shape, as shown in FIG.
6a.

[0055] In certain exemplary embodiments, in specific
implementation, in the liquid crystal display provided by the
embodiment of the present disclosure, the curved line shape
of the sub-electrodes 070 is a corrugated shape, as shown in
FIG. 6b.

[0056] In the liquid crystal display provided by the
embodiment of the present disclosure, the gray scale is
controlled by means of the energy distribution ratio of the
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emergent light from the micro-prism structures within a
preset viewing angle range. Light of the backlight is gen-
erally circularly polarized light, and thus light of the back-
light can be converted into linearly polarized light by a first
polarizer 05 disposed on the lower substrate, and the energy
distribution ratio of the emergent light within a preset
viewing angle range can be precisely controlled by control-
ling the micro-prism structures.

[0057] Further, in specific implementation, in order to
control an energy distribution ratio of an emergent light from
a micro-prism structure within a preset viewing angle range
by controlling the micro-prism structure, it is required to
ensure light irradiated from the backlight onto the liquid
crystal prism display panel has the same incident direction.
Therefore, in certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, the light emitted from the backlight is quasi
linear light or parallel light.

[0058] Further, in order to realize color display, the liquid
crystal display provided by the embodiment of the present
disclosure further comprises a light color conversion layer
08 located at a side of the liquid crystal layer 04 facing away
from the lower substrate 02, as shown in FIGS. 7a and 754.
The light color conversion layer 08 is used for converting
into light of at least one color, light in regions corresponding
to the micro-prism structures and transmitted through the
liquid crystal layer 04, and light from the backlight 01 is
converted into light of at least three colors after being
transmitted through the light color conversion layer 08.
[0059] It is to be noted that light of one color herein is
equivalent to one sub-pixel in the existing liquid crystal
display, and thus in the liquid crystal display provided by the
embodiment of the present disclosure, one micro-prism
structure corresponds to at least one sub-pixel, while the
liquid ecrystal display includes sub-pixels of at least three
colors, such as red sub-pixels, blue sub-pixels and green
sub-pixels of the three primary colors, which is not limited
herein.

[0060] In certain exemplary embodiments, in the liquid
crystal display provided by the embodiment of the present
disclosure, one micro-prism structure corresponds to one
sub-pixel, i.e. the light color conversion layer converts light
in regions corresponding to the micro-prism structures into
light of only one color.

[0061] In specific implementation, in the liquid crystal
display provided by the embodiment of the present disclo-
sure, as shown in FIG. 7a, the light color conversion layer
08 can be embedded between the upper substrate 03 and the
lower substrate 02, but of course, the light color conversion
layer 08 can also be disposed at a side of the upper substrate
03 facing away from the liquid crystal layer 04, which is not
limited herein.

[0062] Further, in the liquid crystal display provided by
the embodiment of the present disclosure, the light color
conversion layer 08 is a light splitting film or a color filter
film, which includes filters of at least one color; each filter
may correspond to, for example, one micro-prism structure,
which is not limited herein.

[0063] In certain exemplary embodiments, as shown in
FIGS. 8a and 8b, the liquid crystal display provided by the
embodiment of the present disclosure further comprises a
second polarizer 09 disposed at a side of the upper substrate
03 facing away from the liquid crystal layer 04, and a
direction of transmission axis of the second polarizer 09 is
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parallel to a direction of transmission axis of the second
polarizer 09, so that the second polarizer 09 further linearly
polarizes light emitted from the liquid crystal display, which
may effectively improve the display effect.

[0064] Further, in the liquid crystal display provided by
the embodiment of the present disclosure, the preset viewing
angle range can be fixed in a certain range, so that the control
unit can control, according to image data, the energy distri-
bution ratio of light emitted from the micro-prism structures
within the preset viewing angle range. However, when the
target human eye is beyond the preset viewing angle range,
it is impossible to view normally. Therefore, In certain
exemplary embodiments, the liquid crystal display provided
by the embodiment of the present disclosure further com-
prises a human eye tracking unit;

[0065] the human eye tracking unit is used for determining
a preset viewing angle range by tracking a target human eye,
and sending the determined preset viewing angle range to
the control unit;

[0066] the control unit adjusts voltages applied to the
sub-electrodes in the electrode units according to the preset
viewing angle range.

[0067] Based on the same inventive concept, an embodi-
ment of the present disclosure further provides an electronic
device comprising the liquid crystal display provided by the
embodiment of the present disclosure. The electronic device
can be any product or component having a lighting or
display function, such as a lighting device, a cell phone, a
tablet computer, a television, a display, a notebook com-
puter, a digital photo frame and a navigator. As for imple-
mentation of the electronic device, reference can be made to
the above embodiments for the liquid crystal display, and
thus it will not be repeated anymore.

[0068] For the liquid crystal display and the electric device
provided by the embodiment of the present disclosure, when
displaying, the control unit applies voltages to the sub-
electrodes and the first transparent electrode according to
image data to generate electric fields so that liquid crystal
molecules in regions of the liquid crystal layer correspond-
ing to the electrode units are deflected to form micro-prism
structures, and the control unit controls magnitude of volt-
ages on the sub-electrodes in the electrode units to control
micro-prism structures, thereby controlling an energy dis-
tribution ratio of emergent light in a preset viewing angle
range that is resulted from refraction of the backlight' light
by the micro-prism structures. Accordingly, luminance of
light entering into the preset viewing angle range can be
realized through controlling the micro-prism structures,
thereby realizing gray scale display. Also, since the sub-
electrodes have a curved shape or a polyline shape, the
micro-prism structures may have a plurality of different
refraction directions so as to emit light from a plurality of
angles, thereby extending the viewing angle range of the
liquid crystal display and realizing wide viewing angle
display.

[0069] Tt is apparent that those skilled in the art can make
various modifications and variants to the present disclosure
without departing from the spirit and scope of the present
disclosure. As such, the modifications and variants are
intended to be included herein, if they fall into the scope of
the present disclosure defined by the appended claims and
their equivalents.

1. A liquid crystal display comprising: a backlight, a lower
substrate at a light emergent side of the backlight, an upper
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substrate disposed opposing to the lower substrate, and a
liquid crystal layer located between the upper substrate and
the lower substrate; and

a first transparent electrode and a second transparent

electrode respectively located on both sides of the
liquid crystal layer, and a control unit for applying
voltages to the first transparent electrode and the sec-
ond transparent electrode; and wherein,

the first transparent electrode is a planar electrode; the

second transparent electrode includes a plurality of
electrode units, each including a plurality of sub-
electrodes arranged in parallel;

the control unit is used for applying voltages to the

sub-electrodes and the first transparent electrode
according to image data when displaying, so that liquid
crystal molecules in regions of the liquid crystal layer
corresponding to the electrode units are deflected to
form micro-prism structures, and for controlling the
micro-prism structures by controlling magnitude of
voltages on the sub-electrodes in the electrode units,
thereby controlling an energy distribution ratio of a
preset viewing angle range of emergent light resulted
from refraction of the backlight' light by the micro-
prism structures.

2. The liquid crystal display according to claim 1, wherein
the first transparent electrode and the second transparent
electrode are located between the upper substrate and the
lower substrate.

3. The liquid crystal display according to claim 1, further
comprising a light color conversion layer at a side of the
liquid crystal layer facing away from the lower substrate;
and wherein,

the light color conversion layer is used for converting,

into light of at least one color, light in regions corre-
sponding to the micro-prism structures and transmitted
through the liquid crystal layer, and light from the
backlight is converted into light of at least three colors
after being transmitted through the light color conver-
sion layer.

4. The liquid crystal display according to claim 3, wherein
the light color conversion layer is a light splitting film or a
color filter film.

5. The liquid crystal display according to claim 1, wherein
light emitted from the backlight is quasi linear light or
parallel light.

6. The liquid crystal display according to claim 1, further
comprising a human eye tracking unit; and wherein

the human eye tracking unit is used for determining a

preset viewing angle range by tracking a target human
eye, and sending the determined preset viewing angle
range to the control unit; and

the control unit adjusts voltages applied to the sub-

electrodes in the electrode units according to the preset
viewing angle range.

7. The liquid crystal display according to claim 1, wherein
the first transparent electrode is located at a side of the upper
substrate facing the liquid crystal layer, and the second
transparent electrode is located at a side of the lower
substrate facing the liquid crystal layer; or

the second transparent electrode is located at the side of

the upper substrate facing the liquid crystal layer, and
the first transparent electrode is located at the side of
the lower substrate facing the liquid crystal layer.



US 2018/0046026 A1l

8. The liquid crystal display according to claim 1, wherein
the thicker an equivalent optical path of the micro-prism
structure in a direction along a cell thickness of the liquid
crystal display, the smaller a difference between voltages
applied to the transparent electrodes at both sides of the
liquid crystal layer corresponding to the micro-prism struc-
ture.

9. The liquid crystal display according to claim 1, wherein
the sub-electrodes have a shape of a curved line.

10. The liquid crystal display according to claim 9,
wherein the shape of a curved line is a corrugated shape.

11. The liquid crystal display according to claim 1,
wherein the sub-electrodes have a polyline shape.

12. The liquid crystal display according to claim 11,
wherein the polyline shape is a sawtooth shape.

13. The liquid crystal display according to claim 1, further
comprising a first polarizer located between the lower sub-
strate and the backlight.

14. The liquid crystal display according to claim 13,
further comprising a second polarizer located at a side of the
upper substrate facing away from the liquid crystal layer,
and a direction of transmission axis of the second polarizer
being parallel to a direction of transmission axis of the first
polarizer.

15. The liquid crystal display according to claim 1,
wherein the micro-prism structures are triangular prism
structures or quadrilateral prism structures.

16. An electronic device comprising the liquid crystal
display according to claim 1.

17. The electronic device according to claim 16, wherein
the first transparent electrode and the second transparent
electrode are located between the upper substrate and the
lower substrate.
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18. The electronic device according to claim 16, further
comprising a light color conversion layer at a side of the
liquid crystal layer facing away from the lower substrate;
and wherein,

the light color conversion layer is used for converting,
into light of at least one color, light in regions corre-
sponding to the micro-prism structures and transmitted
through the liquid crystal layer, and light from the
backlight is converted into light of at least three colors
after being transmitted through the light color conver-
sion layer.

19. The electronic device according to claim 16, further
comprising a human eye tracking unit; and wherein

the human eye tracking unit is used for determining a
preset viewing angle range by tracking a target human
eye, and sending the determined preset viewing angle
range to the control unit; and

the control unit adjusts voltages applied to the sub-
electrodes in the electrode units according to the preset
viewing angle range.

20. The electronic device according to claim 16, wherein
the first transparent electrode is located at a side of the upper
substrate facing the liquid crystal layer, and the second
transparent electrode is located at a side of the lower
substrate facing the liquid crystal layer; or

the second transparent electrode is located at the side of
the upper substrate facing the liquid crystal layer, and
the first transparent electrode is located at the side of
the lower substrate facing the liquid crystal layer.

* ok %k



patsnap

TREMOF) BRERSENBEFRE
[F(2E)F US20180046026A1 [ (r&)B 2018-02-15
RiES US15/529923 B H 2016-05-18

FRIRE(ZFFBOA(E) RERANREARGERLF
EREERFXERZERLE

RE(EFR)AGE) ARABREARBERLQF.
ERREFEHHEREFRLA.

HHRBERARAE) REANEREARGERLF.
EERERFAEBREAERLF.

[FRIRBAA WANG LEI
CHEN XIAOCHUAN
XU RUI
ZHAO WENQING
WANG QIAN
YANG MING
LU PENGCHENG
GAO JIAN
NIU XIAOCHEN
YANG SHENGJI

LN WANG, LEI
CHEN, XIAOCHUAN
XU, RUI
ZHAO, WENQING
WANG, QIAN
YANG, MING
LU, PENGCHENG
GAO, JIAN
NIU, XIAOCHEN
YANG, SHENGJI

IPCH S GO02F1/1335 GO6F3/01 G02F1/1343

CPCHES GO02F1/133602 G02F1/1343 GO6F3/013 GO2F1/133528 G02F2001/133607 GO2F1/133514 GO2F1
/133606 G02F1/134309 G02F2001/134381

£ 5 201610122020.5 2016-03-03 CN
NEBGELE Espacenet USPTO
HEGF)

NFT—HERETHNBFRE, RHEARERGUED FERNE - ERABRENREN=LBY , £EREENSBIRE
TN XEPRRRED FREATERBEREN , H AR R TBESRHERE T FER ENBERDREFFETEDE , M
MiEH HHERE NI E LT H LN HARNRELIERLLAATE, Bt , B EFHMEREQ TSI ATIRA S
SEEWANEE , NTTKIAREE R,


https://share-analytics.zhihuiya.com/view/8eae83bf-8aa5-4ecf-8fc8-0f386b35dfab
https://worldwide.espacenet.com/patent/search/family/055828544/publication/US2018046026A1?q=US2018046026A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180046026%22.PGNR.&OS=DN/20180046026&RS=DN/20180046026

0 ﬁ\’u"\ BIRIRIR ‘L"‘f

— 1




