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DISPLAY ASSEMBLY, MANUFACTURING METHOD THEREOF,
AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[001] The present application claims priority to Chinese Patent Application No.
201610657571.1 filed on August 11, 2016, the disclosure of which is hereby

incorporated by reference in its entirety.

TECHNICAL FIELD

[002] The present disclosure relates generally to a field of display technologies, and
more specifically to a display assembly, its manufacturing method, and a display

device.

BACKGROUND

[003] In existing display technologies, a double-sided display is conventionally
realized by back-to-back bonding of two display devices. As for a double-sided
display device that is transparent, because of its transparent characteristics, the
images displayed by the two sides of the double-sided transparent display device
generally interfere with each other. As a result, the display effect of such a display
device is very poor, and at present time, there are no transparent display devices that

can achieve double-sided display.

SUMMARY

[004] One purpose of the present disclosure is to address the above mentioned

issues associated with current double-sided display technologies.

[005] In a first aspect, the present disclosure provides a display assembly, which
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has a display surface and a back surface, disposed to be opposing to each other.
The display assembly includes a pixel electrode substrate and a common electrode
substrate, which are oppositely aligned to be closer to the display surface and to the

back surface, respectively.

[006] The display assembly also includes a liquid crystal layer, which is
sandwiched between, and configured to be in a scattering state if an electric field is

applied to, the pixel electrode substrate and the common electrode substrate.

[007] The display assembly further includes a light source disposed at a lateral side
of the display assembly, which is configured to generate, and emit into the display

assembly, a linearly polarized light having a first polarization direction.

[008] The display assembly further includes a blocking member disposed at the side
of the back surface, which is configured to block a light having the first polarization
direction to, and to allow a light having a second polarization direction perpendicular

to the first polarization direction to pass therethrough.

[009] According to some embodiments of the display assembly, the blocking
member can comprise a metal wire grid polarizer having a direction of transmission
axis perpendicular to the first polarization direction. Herein the metal wire grid
polarizer can be integrated in the common electrode substrate, the metal wire grid

polarizer can comprise at least one of Al, Fe, or Cr.

[010] In the display assembly, the liquid crystal layer can comprise molecules of a
macromolecule polymer and particles of a liquid crystal dispersed in the molecules
of the macromolecule polymer. The molecules of the macromolecule polymer and
the particles of the liquid crystal are configured to have different refractive indices in
a presence of, and to have a substantially same refractive index in an absence of, the

electric field.

[011] According to some embodiments of the disclosure, the display assembly can
be configured to have an altered scattering power according to a distance to the light

source to thereby realize substantially uniform display therefor.

[012] In the above mentioned embodiments of the display assembly, as for any two

regions of a same size and of a different distance to the light source, a first portion of
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the display assembly corresponding to a first region that is closer to the light source
can be configured to have a weaker scattering power than a second portion of the
display assembly corresponding to a second region that is farther from the light
source under a substantially same electrical signal, such that the first region and the
second region have a substantially same intensity of light scattered out of the display

surface.

[013] As such, the liquid crystal layer can comprise molecules of a macromolecule
polymer and particles of a liquid crystal dispersed in the molecules of the
macromolecule polymer, and a first pixel electrode in the first region can be

configured to have a smaller area than a second pixel electrode in the second region.

[014] In addition, the liquid crystal layer can comprise molecules of a
macromolecule polymer and particles of a liquid crystal dispersed in the molecules
of the macromolecule polymer, and the first portion of the display assembly can
comprise a lower concentration of the molecules of the macromolecule polymer than

the second portion of the display assembly.

[015] In any of the above mentioned embodiments of the display assembly, the
display assembly can further include a reflector. The reflector is disposed on a side
of the display assembly opposing to the light source, and is configured to reflect light
emitted from the light source and transmitting in the liquid crystal layer back into the

liquid crystal layer to thereby improve a utilization rate of the light.
[016] In a second aspect, a display device is further disclosed herein.

[017] According to some embodiments of the disclosure, the display device
includes one display assembly according to any one of the embodiments as described
above. The display device can further include a transparent substrate, which is
disposed over the back surface and opposing to the display surface of the one display

assembly.

[018] According to some other embodiments of the disclosure, the display device
can further include another display assembly according to any one of the
embodiments as described above. In the display device, the one display assembly

and the another display assembly can be oppositely aligned to have the display
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surface thereof respectively facing outward.

[019] Herein the blocking member of the one display assembly and the blocking
member of the another display assembly can be integrated into a shared blocking

member.

[020] In the display device as mentioned above, the common electrode substrate of
the one display assembly and the common electrode substrate of the another display

assembly can be integrated into a shared common electrode substrate.

[021] As such, the shared blocking member can be integrated into the shared
common electrode substrate, and the shared blocking member can comprise a metal
wire grid polarizer, which comprises at least one Al, Fe, or Cr, and has a direction of

the transmission axis perpendicular to the first polarization direction.

[022] In one specific embodiment of the display device, the metal wire grid

polarizer comprises Cr and has a thickness of around 25 nm.

[023] According to some embodiments of the display device, the one display
assembly and the another display assembly can be configured to have an effective

display area thereof respectively separated from one another.

[024] As such, the common electrode substrate of the one display assembly and the
common electrode substrate of the another display assembly are integrated into a
shared common electrode substrate; and orthographic projection of each first pixel
electrode in the pixel electrode substrate of the one display assembly over the shared
common electrode substrate is not overlapped with orthographic projection of each
second pixel electrode in the pixel electrode substrate of the another display

assembly over the shared common electrode substrate.

[025] In a third aspect, the disclosure further provides a method for manufacturing a

display assembly. The method includes the following two steps:

[026] providing a pixel electrode substrate and a common electrode substrate such
that the pixel electrode substrate and the common electrode substrate are oppositely
aligned; and

[027] forming a liquid crystal layer between the pixel electrode substrate and the

4
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common electrode substrate such that liquid crystal layer is configured to have an
altered scattering power according to a distance to one side of the display assembly
configured to receive light emitted from a light source to thereby realize substantially

uniform display for the display assembly.

[028] In the step of forming a liquid crystal layer between the pixel electrode

substrate and the common electrode substrate, the liquid crystal layer can comprise
molecules of a macromolecule polymer and particles of a liquid crystal dispersed in
the molecules of the macromolecule polymer, and for any two regions of a same size
and of a different distance to the one side, a first portion of the liquid crystal layer
corresponding to a first region that is closer to the one side can be configured to
comprise a lower concentration of the molecules of the macromolecule polymer than
a second portion of the liquid crystal layer corresponding to a second region that is

farther from the one side.

[029] According to some embodiments of the disclosure, between the step of

providing a pixel electrode substrate and a common electrode substrate and the step
of forming a liquid crystal layer between the pixel electrode substrate and the
common electrode substrate, the method can further comprise a step of forming a
plurality of chambers between the pixel electrode substrate and the common
electrode substrate, wherein each chamber has a same size and a different distance to
the one side. Accordingly, the step of forming a liquid crystal layer between the
pixel electrode substrate and the common electrode substrate can comprise the

following sub-steps:

[030] injecting a mixture of liquid crystals and monomer molecules of a different

concentration in each of the plurality of chambers such that for any two chambers, a
first chamber closer to the one side contains a higher concentration of the monomer

molecules than a second chamber farther from the one side; and

[031] performing a polymerization process to the mixture in each of the plurality of

chambers under a substantially same reaction condition.

[032] According to some embodiments of the method, the step of forming a liquid

crystal layer between the pixel electrode substrate and the common electrode

substrate comprises the following sub-steps:
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[033] injecting a mixture of liquid crystals and monomer molecules between the

pixel electrode substrate and the common electrode substrate; and

[034] performing a polymerization process to the mixture under altered reaction

conditions to thereby form the molecules of the macromolecule polymer.

[035] In the above-mentioned embodiments of the method, the sub-step of
performing a polymerization process to the mixture under altered reaction conditions

comprises:

[036] exposing the mixture in an ultra-violet light, wherein the altered reaction
conditions are realized by controlling at least one reaction parameter according to a

distance to the one side.

[037] Herein the at least one reaction parameter comprises at least one of

polymerization temperature, exposure time, and exposure intensity.

[038] According to some embodiments, the at least one reaction parameter includes
polymerization temperature, configured such that a polymerization temperature for
the first region is configured to be lower than a polymerization temperature for the

second region.

[039] According to some embodiments, the at least one reaction parameter includes
exposure time, configured such that an exposure time for the first region is

configured to be shorter than an exposure time for the second region.

[040] According to some embodiments, theat least one reaction parameter
comprises exposure intensity, configured such that an exposure intensity for the first

region is configured to be weaker than an exposure intensity for the second region.

BRIEF DESCRIPTION OF DRAWINGS

[041] To more clearly illustrate some of the embodiments, the following is a brief
description of the drawings. The drawings in the following descriptions are only
illustrative of some embodiments. For those of ordinary skill in the art, other

drawings of other embodiments can become apparent based on these drawings.
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[042] FIG. 1 is a structural diagram of a double-sided display device according to

some embodiments of the present disclosure;

[043] FIG. 2A is a structural diagram of a double-sided display device according to

a second embodiment of the present disclosure;

[044] FIG. 2B is a structural diagram of a double-sided display device according to

a third embodiment of the present disclosure;

[045] FIG. 3A-3E are diagrams illustrating the correspondence relationship
between the first pixel electrode and the second pixel electrode in the optical
waveguide display assembly in the double-sided display device according to some

embodiments of the present disclosure;

[046] FIG. 4 illustrates diagrams of the wavelength-reflective rate relationship for
the metal wire grid polarizer on the common electrode layer that is made with
different types of metals in the double-sided display device according to some

embodiments of the present disclosure;
[047] FIG. 5 is a structural diagram of an optical waveguide display assembly;

[048] FIG. 6 is a diagram illustrating the locations of different portions in the
optical waveguide display assemblies according to some embodiments of the present

disclosure;

[049] FIG. 7 is a diagram illustrating the concentration relationship of the
macropolymer in different regions in the optical waveguide display assemblies

according to some embodiments of the present disclosure;

[050] FIG. 8 is a flowchart illustrating the manufacturing methods of the optical
waveguide display assemblies according to some embodiments of the present

disclosure.

DETAILED DESCRIPTION

[051] In the following, with reference to the drawings of the embodiments

disclosed herein, the technical solutions of the embodiments of the invention will be
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described in a clear and fully understandable way. It is noted that the described
embodiments are merely a portion but not all of the embodiments of the invention.
Based on the described embodiments of the invention, those ordinarily skilled in the
art can obtain other embodiment(s), which come(s) within the scope sought for

protection by the invention.

[052] In the double-sided display device and electronic device provided by the
present disclosure, a blocking member is arranged between the optical waveguide

display assemblies which can achieve transparent display.

[053] On the one hand, when each optical waveguide display assembly is in a
display state, the blocking member is configured to block a linearly polarized light
that reaches a surface of the blocking member after being scattered by a liquid crystal
layer disposed in the each optical waveguide display assembly. The interference
between the optical waveguide display assemblies in such a double-sided display

device can thereby be avoided.

[054] On the other hand, as for an environmental light (for example a natural light),
a first portion of the environmental light that has one polarization direction is
blocked by the blocking member, yet a second portion of the environmental light that
has another polarization direction perpendicular to the one polarization direction can
pass through the blocking member to become a background light for the display

device, thereby realizing a transparent display for the display device.

[055] In a first aspect, the present disclosure provides a double-sided display

device.

[056] FIG. 1 illustrates a structural diagram of a double-sided display device
according to some embodiments of the present disclosure. As shown in FIG. 1, the
double-sided display device comprises a first optical waveguide display assembly
101, a second optical waveguide display assembly 102, a light source 103, and a
blocking member 104.

[057] The first optical waveguide display assembly 101 comprises a first liquid
crystal layer, and the first liquid crystal layer is configured to be in a scattering state

if an electric field is applied thereto.
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[058] The second optical waveguide display assembly 102 comprises a second
liquid crystal layer, and the second liquid crystal layer is configured to be in a
scattering state if an electric field is applied thereto. The second optical waveguide

display assembly 102 is bonded to the first optical waveguide display assembly 101.

[059] The light source 103 is disposed at a lateral side of both the first optical
waveguide display assembly 101 and the second optical waveguide display assembly
102 (i.e. a side that is substantially parallel to the direction of bonding between the
first optical waveguide display assembly 101 and the second optical waveguide
display assembly 102). The light source 103 is configured to generate, and emit to
the first optical waveguide display assembly 101 and the second optical waveguide

display assembly 102, a linearly polarized light that has a first polarization direction.

[060] The blocking member 104 is disposed between the first optical waveguide
display assembly 101 and the second optical waveguide display assembly 102, and
the blocking member 104 is configured to block the linearly polarized light from
passing therethrough, and is further configured to be partially transparent and

partially reflective to an environmental light.

[061] The double-sided display device as described above can ensure that there is
no interference between the two optical waveguide display assemblies (i.c., the first
optical waveguide display assembly 101 and the second optical waveguide display

assembly 102). A detailed description is provided in the following.

[062] In the double-sided display device as described above and as illustrated in
FIG. 1, when the first optical waveguide display assembly 101 is in a dark state, the
liquid crystal layer (i.e., the first liquid crystal layer) in the first optical waveguide
display assembly 101 is in a transmission state, and the light emitted by the light

source 103 is thus transmitted in the liquid crystal layer without obstruction.

[063] At the same time, because the light emitted by the light source 103 satisfies a
condition for total reflection, the light is constrained within the first optical
waveguide display assembly 101 and does not emit out of the first optical waveguide
display assembly 101. As such the light does not enter the second optical
waveguide display assembly 102, and thus does not cause an interference to a viewer

at the side of the second optical waveguide display assembly 102.
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[064] When the first optical waveguide display assembly 101 is in a bright state, the

liquid crystal layer (i.e., the first liquid crystal layer) in the first optical waveguide
display assembly 101 is in a scattering state, and the light emitted by the light source
104 is thus scattered in the liquid crystal layer.

[065] At the same time, because the condition for total reflection is not satisfied, the

light can emit out of the first optical waveguide display assembly 101. Yet due to
the block of the blocking member 104, the light that emits out is thus blocked from
entering into the second optical waveguide display assembly 102. Therefore, the
light does not cause an interference to the viewer at the side of the second optical

waveguide display assembly 102.

[066] Therefore, no matter whether the first optical waveguide display assembly

101 is in a dark state or in a bright state, the light within the first optical waveguide
display assembly 101 is unable to enter the second optical waveguide display
assembly 102. In a similar manner, the light within the second optical waveguide
display assembly 102 is also unable to enter the first optical waveguide display
assembly 101. As such, the interference between the two optical waveguide display
assemblies (i.e., the first optical waveguide display assembly 101 and the second

optical waveguide display assembly 102) is effectively avoided.

[067] The double-sided display device as described above can also realize a

transparent display (herein the transparent display is referred to as a case in which a
viewer can see the objects behind the display assembly), and a detailed description is

provided in the following.

[068] After an environmental light emitted from or reflected by an object at one

side of the second optical waveguide display assembly 102 enters the second optical
waveguide display assembly 102, no matter whether the second optical waveguide
display assembly 102 is in a bright state or in a dark state, at least a portion of the
environmental light is able to come through and out of the second optical waveguide

display assembly 102 and project onto the surface of the blocking member 104.

[069] This is because in the bright state, a portion of the environmental light is able

to come out of the second optical waveguide display assembly 102 through scattering,

while in the dark state, the environmental light is able to come out of the second

10
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optical waveguide display assembly 102, due to the fact that the condition for total

reflection is not satisfied.

[070] The blocking member 104 is configured to block a linearly polarized light

with the first polarization direction from passing through but still allow lights with
other polarization directions to pass through. The light that is projected onto the
surface of the blocking member 104 can be an environmental light, and within the
environmental light, one portion of the light with the first polarization direction is
thus blocked by the blocking member 104, whereas another portion of the light with
the second polarization direction that is perpendicular to the first polarization
direction can thus pass through the blocking member 104, enter the first optical
waveguide display assembly 101, and then emit through and out of the first optical
waveguide display assembly 101 to ultimately reach the viewers at the side of the

first optical waveguide display assembly 101.

[071] Similarly, as for the environmental light emitted from or reflected by an

object at one side of the first optical waveguide display assembly 101, after the
environmental light enters the first optical waveguide display assembly 101, no
matter whether the first optical waveguide display assembly 101 is in a bright state or
in a dark state, at least a portion of the environmental light is able to come through
and out of the first optical waveguide display assembly 101 and project onto the

surface of the blocking member 104.

[072] As such, under the action of the blocking member 104, one portion of the

light with the first polarization direction is blocked, whereas another portion of the
light with the second polarization direction that is perpendicular to the first
polarization direction can pass through the blocking member 104, enter the second
optical waveguide display assembly 102, and then emit through and out of the
second optical waveguide display assembly 102 to ultimately reach the viewers at the

side of the second optical waveguide display assembly 102.

[073] Taken the above together, a transparent display for the double-sided display

device can be realized.

[074] Compared with existing double-sided display technologies, the double-sided

display device as disclosed herein can display different images at each of the two

11
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different sides of the double-sided display device, which can greatly reduce the
number of display devices. At the same time, there is no interference between the
two display assemblies of the transparent double-sided display, which can realize a

satisfactory display effect.

wn

[075] It is noted that besides the double-sided display device as described above,
one optical waveguide display assembly that has a substantially similar structure as
the optical waveguide display assembly 101 and the second optical waveguide
display assembly 102 in the aforementioned double-sided display device can be used

in a single-sided display device.

10 [076] Specifically, the single-sided display device includes an optical waveguide
display assembly. The optical waveguide display assembly includes a pixel
electrode substrate and a common electrode substrate, oppositely aligned such that
the pixel electrode substrate and the common electrode substrate are respectively

closer to the display surface and to the back surface.

15 [077] The optical waveguide display assembly further includes a liquid crystal layer,
sandwiched between, and configured to be in a scattering state if an electric field is
applied to, the pixel electrode substrate and the common electrode substrate, and a
light source disposed at a lateral side of the display assembly, which is configured to
generate, and emit into the optical waveguide display assembly, a linearly polarized

20 light having a first polarization direction.

[078] The display assembly further includes a blocking member disposed at the side
of the back surface, which is configured to block a light having the first polarization
direction to, and to allow a light having a second polarization direction perpendicular

to the first polarization direction to pass therethrough.

25 [079] In addition to the optical waveguide display assembly, the single-sided
display device further includes a transparent substrate, which is disposed over the
back surface and opposing to the display surface of the one optical waveguide

display assembly.

[080] As such, a viewer can normally watch images displayed from a side of the

30 display surface of the single-sided display device, yet can only see through the

12
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single-sided display device from a side of the back surface thereof.

[081] In some embodiments of the double-sided display device, the first optical
waveguide display assembly 101 and the second optical waveguide display assembly
102 can be separated from each other, that is, each of the two optical waveguide
display assemblies has its own common electrode substrate, pixel electrode substrate

and liquid crystal layer.

[082] By configuring a common electrode substrate separately for the first optical
waveguide display assembly 101 and the second optical waveguide display assembly
102, the distance between the liquid crystal layer of the one optical waveguide
display assembly and the common electrode in the other optical waveguide display
assembly is increased, thus the interference of the electric field of the common
electrode in the other optical waveguide display assembly to the state of the liquid
crystal layer of the one optical waveguide display assembly is reduced. As such,

the display effect can be improved.

[083] In some other embodiments of the double-sided display device, a common
electrode layer disposed over the common electrode substrate is configured to be
commonly shared by both the first optical waveguide display assembly 101 and the
second optical waveguide display assembly 102. As such, a thickness and a weight
of the double-sided display device can be reduced, realizing a lighter and thinner

display device.

[084] FIG. 2A and FIG. 2B illustrate two different embodiments of the
double-sided display device. As shown in FIG. 2A and FIG. 2B, the double-sided
display devices according to these two embodiments of the present disclosure both
comprise a common electrode substrate 201, a first pixel electrode substrate 202, a
second pixel electrode substrate 203, a first liquid crystal layer 204, a second liquid
crystal layer 205, a light source 103, and a blocking member 104.

[085] The common electrode substrate 201 is provided with common electrodes,
and the common electrode substrate 201 is configured to block a light with a first

polarization direction from passing through.

[086] The first pixel electrode substrate 202 and the second pixel electrode

13
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substrate 203 are disposed at two sides of the common eclectrode substrate 201
respectively, wherein the first pixel electrode substrate 202 comprises first pixel
electrodes, and the second pixel electrode substrate 203 comprises second pixel

electrodes.

[087] The first liquid crystal layer 204 is disposed between the common electrode

substrate 201 and the first pixel electrode substrate 202, and is configured to be in a
scattering state when an electric field is applied thereto.  The first liquid crystal
layer 204, together with the common electrode substrate 201 and the first pixel

electrode substrate 202, form a first optical waveguide display assembly 101.

[088] The second liquid crystal layer 205 is disposed between the common

electrode substrate 201 and the second pixel electrode substrate 203, and is
configured to be in a scattering state when an electric field is applied thereto. The
second liquid crystal layer 205, together with the common electrode substrate 201
and the second pixel electrode substrate 203, form a second optical waveguide

display assembly 102.

[089] The light source 103 is disposed at a lateral side of the first optical waveguide

display assembly 101 and the second optical waveguide display assembly 102 (i.e. a
side that is parallel to the stacking direction of the various film layers), and is
configured to generate, and to emit to the first liquid crystal layer and the second

liquid crystal layer, a linearly polarized light with a first polarization direction;

[090] The blocking member 104 can be disposed at any one of the two sides of the

common c¢lectrode substrate 201, and is configured to block a linearly polarized light
from passing therethrough from the first polarization direction (In FIG. 24, it is
closer to the first liquid crystal layer 204, and in FIG. 2B, it is closer to the second
liquid crystal layer 205), and is configured to be partly transparent and partly

reflective to an environmental light.

[091] Compared with the embodiments of the double-sided display device as

described above and illustrated in FIG. 1, in which each of the optical waveguide
display assemblies (i.c., the first optical waveguide display assembly 101 and the
second optical waveguide display assembly 102) has its own common electrode

substrate, each of the two embodiments of the double-sided display devices as

14
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respectively shown in FIG. 2A and FIG. 2B contains one less piece of the common
electrode substrate. Thus the thickness and the weight of the double-sided display

device is reduced, leading to a lighter and thinner display device.

[092] In the above two embodiments of the double-sided display devices as
respectively shown in FIG. 2A and FIG. 2B, the blocking member 104 is separated
from any of the components (e.g., the pixel electrode substrate, the common
electrode substrate) of any one of the two optical waveguide display assemblies, i.e.,
the blocking member 104 is a component in the double-sided display device that is

independent from the two optical waveguide display assemblies.

[093] In order to further reduce the thickness and weight of the double-sided
display device, the present disclosure further provides a double-sided display device
according to yet another embodiment of the present disclosure, in which the blocking
member substantially comprises a metal wire grid polarizer that is formed in the
common electrode layer. The transmission axis of the metal wire grid polarizer is

configured to be perpendicular to the first polarization direction.

[094] Because the blocking member is a metal wire grid polarizer, it can conduct
electric currents, therefore an electric field can be formed in the liquid crystal layer
by applying electrical signals to the metal wire grid polarizer. As such, one
functional layer can realize both the function of common electrodes and the function
of blocking linearly polarized light at the same time. Therefore, such a
configuration not only can further reduce the thickness and weight of the

double-sided display device, but also can simplify the manufacturing process.

[095] The present disclosure further provides a double-sided display device
according to some other embodiments of the present disclosure, in which the
effective display areas of the two optical waveguide display assemblies (i.e. the first
optical waveguide display assembly and the second optical waveguide display
assembly) are configured to be separated to thereby further avoid the interference in

between.

[096] In one of the above embodiments of the double-sided display device in which
common eclectrodes are shared, the effective display areas of the two optical

waveguide display assemblies can be separated by configuring that the pixel
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electrodes of the two optical waveguide display assemblies have different locations,
i.e., the orthographic projections of first pixel electrodes in the first optical
waveguide display assembly over the common electrode substrate and the
orthographic projections of second pixel electrodes over the common electrode

substrate are not overlapped with each other.

[097] FIGS. 3A-3E illustrate various possible configurations of pixel electrodes in
the double-sided display device according to some of the above mentioned

embodiments of the present disclosure.

[098] In the embodiment of the double-sided display device as shown in FIG. 3A,
the first pixel electrodes and the second pixel electrodes are of a substantially same
number, and each of the first pixel electrodes and each of the second pixel electrodes

are of a substantially same size;

[099] In the embodiment of the double-sided display device as shown in FIG. 3B,
each of the first pixel electrodes and each of the second pixel electrodes are of a
substantially same size, and the first pixel electrodes are of a relatively larger number

than the second pixel electrodes;

[0100] In the embodiment of the double-sided display device as shown in FIG. 3C,
each of the first pixel electrodes and each of the second pixel electrodes are of a
substantially same size, and the first pixel electrodes are of a relatively larger number

than the second pixel electrodes;

[0101] In the embodiment of the double-sided display device as shown in FIG. 3D,
cach of the first pixel electrode and each of the second pixel electrode are of a
substantially same size, and the second pixel electrodes are of a relatively larger

number than the first pixel electrodes;

[0102] In the embodiment of the double-sided display device as shown in FIG. 3E,
neither the size nor the number of the first pixel electrodes and the second pixel

electrodes are the same.

[0103] It is noted that the designs of pixel electrodes in the above mentioned
embodiments of the double-sided display device represent only some, but not all, of

the possible designs for the first pixel electrodes and the second pixel electrodes, and

16



10

15

20

25

WO 2018/028468 PCT/CN2017/095412

shall not impose a limitation to the scope of the present disclosure. The design can

be adjusted according to practical needs.

[0104] In the above embodiments of the double-sided display device as provided in
the present disclosure, the first liquid crystal layer and the second liquid crystal layer
can both comprise macromolecule polymer molecules and liquid crystal particles

which are dispersed in the macromolecule polymer molecules.

[0105] What impacts the light is the liquid crystal layer in the optical waveguide
display assembly, thus as for the liquid crystal layer, the two portions of the liquid
crystal layer (i.e., the macromolecule polymer molecules, and the liquid crystal
particles dispersed in the macromolecule polymer molecules) are configured to have
the following characteristics: when an electric field is applied, the refractive index of
the liquid crystal particles and the refractive index of the macromolecule polymer
molecules are different, and when no electric field is applied, the refractive index of
the liquid crystal particles and the refractive index of the macromolecule polymer are

substantially same.

[0106] The liquid crystal layer can comprise macromolecule polymer stabilized

liquid crystals (PSLC) according to one embodiment.

[0107] The liquid crystal layer can comprise: nematic liquid crystals and long-chain
compound molecules (i.e., the macromolecular polymer molecules) dispersed in the
nematic liquid crystals according to some other embodiments. The long-chain
compound molecules are configured to keep the nematic liquid crystals in a
scattering state, and are further configured such that the long chain thereof is

perpendicular to the display areas of the two optical waveguide display assemblies.

[0108] The long-chain compound molecules can comprise a plurality of monomers,

wherein each monomer can comprise any one or any combination of the following:

9 :

(0109] H:C=HC-C-O(H:C)- - O(HCO)0-C-CH=CH: ,

0 0 ez 0

(0110] HoC=HC-C-OHC e C-O- T-0-C -0 ,§~1_z,(j)..«.(i)~(l_f-(,.‘. {1:'-:(.':}:{:;
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and
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(0111] HoC=HC-C-O0HC g ,{“-O T 0-UCe-0HCRO- L LCH=CH:

[0112] The long-chain compound can comprise any one or any combination of the

following:

?

5 [0113] ~HLC-HC ? O{HCyey~C-OHC )X Q-C-CH- CHaw

t CH3 ;
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10 [0116] The nematic liquid crystals can comprise any one or any combination of the

following liquid crystal molecule:

[0117]
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[0119] It is noted that in the embodiments of the present disclosure as described

CH{O

CH;0
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15 above, there are no limitations to the manner of formation of the liquid crystal layer.
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[0120] The following is a manner for forming the liquid crystal layer: after the

monomer molecules and the liquid crystals are mixed together, the mixture is
exposed to an ultra-violet light such that the monomer molecules can polymerize into

macromolecule polymer molecules.

[0121] During the polymerization process when the macromolecule polymer

molecules are formed, the liquid crystals and the macromolecule polymer molecules
are separated to thereby form many small liquid crystal particles, and the small liquid

crystal particles are constrained or fixed by the macromolecule polymer molecules.

[0122] When an electric field is applied to the liquid crystal layer, because of the

presence of the macromolecule polymer molecules, the orientation of the liquid
crystals in the liquid crystal layer is not orderly, resulting in a difference of the
refractive rate between the liquid crystals and the macromolecule polymer molecules.
As a consequence, the light incident into the liquid crystal layer is refracted and
reflected at the surface of the liquid crystal particles, the condition of total reflection
for at least one portion of the light is thus not satisfied. After multiple times of
refractions and reflections, the at least one portion of light is able to emit out of the
liquid crystal layer, thereby the bright state of the optical waveguide display

assemblies is formed.

[0123] When there is no electric field applied to the liquid crystal layer, the

refractive rates of the liquid crystals and the refractive rate of the macromolecule
polymer molecules are substantially same, thus the liquid crystal layer is transparent
to the light. As a consequence, the condition of total reflection for the light is
maintained, and the light is thereby constrained within the liquid crystal layer of the
optical waveguide display assembly, and is thus unable to emit out of the liquid
crystal layer, thereby the dark state of the optical waveguide display assemblies is

formed.

[0124] Depending on different embodiments of the present disclosure, the

manufacturing material of the partially transparent and partially reflective common
electrode layer can be Al, Fe, Cr, or a combination (i.e., an alloy) thereof. FIG. 4
illustrates diagrams of the wavelength-reflective rate relationship for the metal wire

grid polarizer on the common electrode layer that is made with different types of
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metals in the double-sided display device according to some embodiments of the

present disclosure.

[0125] As illustrated in FIG. 4, the curves A, B and C respectively represent
diagrams of the wavelength-reflective rate relationship of the metal wire grid
polarizers made with Al, Fe and Cr. Based on the results shown in FIG. 4, it can be
found that the partially transparent and partially reflective characteristics can be
realized if a thickness of the metal wire grid polarizer made with Al is 7.5 nm, or if a
thickness of the metal wire grid polarizer made with Fe is 40 nm, or if a thickness of

the metal wire grid polarizer made with Cr is 25 nm.

[0126] Typically during a manufacturing process of a film layer, the manufacturing
precision is relatively more difficult for control if the film layer has a relatively small
thickness. The reflective rate is thus largely influenced by even a slight change of
the thickness of the film layers. As such, if the error of manufacturing is 1.5 nm,
when manufacturing the metal wire grid polarizer with a thickness of 7.5 nm, the
error rate can reach as high as 20%; whereas the error rate for manufacturing the
metal wire grid polarizer with a thickness of 25 nm is only 6%, and the error rate for
manufacturing the metal wire grid polarizer with a thickness of 40 nm is less than

4%.

[0127] On the other hand, although the thickness of a film layer with Fe is relatively
casy to control during the manufacturing process, a complex antirust treatment is
needed when manufacturing the partially transparent and partially reflective common
electrode layer made with Fe. Otherwise, it can easily become rusted in a short

time to thereby influence the reflective rate.

[0128] As such, the embodiment of the double-sided display device with the partially
transparent and partially reflective common electrode layer manufactured with Cr
has advantages such as a relatively large thickness and an easy-to-manage thickness
during manufacturing. In addition, the double-sided display device with the
partially transparent and partially reflective common electrode layer manufactured

with Cr requires little or no antirust treatment.

[0129] Due to an attenuation effect of a light transmitted in the optical waveguide

display assembly, the more distant the pixels are from the light source, the weaker
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the light that is incident into the pixels. Consequently, if a same electrical signal is
applied to different pixels, these different pixels have a different brightness, which in
turn negatively affects the display uniformity of the display device.

[0130] In some embodiments of the present disclosure, the scattering power of the
first and/or second optical waveguide display assembly is also configured according
to the distances of regions of the first and/or second optical waveguide display

assembly to the light source.

[0131] Specifically, it is configured such that the more distant a region of the first
and/or second optical waveguide display assembly is from the light source, the
stronger the scattering power of the optical waveguide display assembly, so as to
compensate for the attenuation effect of light. As such, the display uniformity of

the display device can be improved.

[0132] Herein the scattering power is referred to as the ability to alter angles of

incident lights and to destroy the conditions of total reflection.

[0133] In a specific embodiment as illustrated in FIG. 6, a display area of the first
and/or second optical waveguide display assembly comprises two regions (i.e., a first
region and a second region) of a substantially same area, corresponding respectively
to a first portion and a second portion of the first and/or second optical waveguide
display assembly, and the first region is relatively closer to the light source than the

second region.

[0134] In order to compensate the above mentioned attenuation effect of the light
emitted from the light source and transmitting in the first optical waveguide display
assembly and/or the second optical waveguide display assembly, it is configured
such that a scattering power of the first portion of the first optical waveguide display
assembly and/or the second optical waveguide display assembly is weaker than the
scattering power of the second portion of the first optical waveguide display

assembly and/or the second optical waveguide display assembly.

[0135] It should be noted that the above comparison is directed only to the scattering
power of different portions of a same optical waveguide display assembly, but not to

the scattering power of different portions of different optical waveguide display
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assembly. As such, the above description can comprise the following three cases:

[0136] 1). The scattering power of the first portion of the first optical waveguide
display assembly is weaker than the scattering power of the second portion of the
first optical waveguide display assembly, and the scattering power of each portion of

the second optical waveguide display assembly is substantially same;

[0137] 2). The scattering power of the first portion of the second optical waveguide
display assembly is weaker than the scattering power of the second portion of the
second optical waveguide display assembly, and the scattering power of each portion

of the first optical waveguide display assembly is substantially same; and

[0138] 3). The scattering power of the first portion of the first optical waveguide
display assembly is weaker than the scattering power of the second portion of the
first optical waveguide display assembly, and the scattering power of the first portion
of the second optical waveguide display assembly is weaker than the scattering

power of the second portion of the second optical waveguide display assembly.
[0139] Other cases are also possible, and there are no limitations herein.

[0140] As illustrated in FIG. 6, relative to the first portion, the second portion can be
located at a different location in the display area, as long as the distance between the
second portion and the light source is larger than the distance between the first

portion and the light source.

[0141] In the following descriptions, the first optical waveguide display assembly
and the second optical waveguide display assembly will not be distinguished, and the
optical waveguide display assembly as mentioned or described will be referred to the
first optical waveguide display assembly and/or the second optical waveguide

display assembly.

[0142] Differing from existing technologies, which typically applies a technological
approach by compensating for signals to thereby ensure the display uniformity of a
conventional display device, the present disclosure employs a different approach, by
altering the structure and/or the functionality of the optical waveguide display

assemblies.
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[0143] Specifically, the optical waveguide display assemblies as described above are
configured to have different scattering power according to the distance from the light
source, such that a portion of an optical waveguide display assembly that is closer to
the light source has a weaker scattering power than a portion of the optical
waveguide display assembly that is farther from the light source. As such, the
attenuation effect of the light emitted from the light source and transmitting in the
optical waveguide display assembly can be compensated for, thereby improving the

display uniformity of the display device.

[0144] Given a substantially same electrical signal, in order to compensate for the
difference in the light transmitting in the display assembly that is caused by the
difference in distance from the light source, it need to be configured such that a
portion of the optical waveguide display assembly that is farther from the light
source has a stronger scattering power. Multiple approaches can be applied to
realize a change of the scattering power of a region of the optical waveguide display
assembly according to a location of the region in the optical waveguide display

assembly, which are respectively described in the following embodiments.
[0145] Embodiment 1

[0146] As for the optical waveguide display assembly as shown in FIG. 5, the
working principle is as follows: by applying an electrical signal to the common
electrodes and the pixel electrodes, an electric field is formed, which acts on the
liquid crystal layer to thereby alter a state of the liquid crystal layer. As such, the
larger a region of the liquid crystal layer that is influenced by the electric field, the
more the liquid crystal particles whose state is changed, thus the stronger the

scattering power of the region to the light.

[0147] Therefore, in embodiment 1, it can be configured such that electrodes in
different regions have a different area depending on different distances of the

different regions from the light source.

[0148] It is noted that in portions of the display assembly that are not covered by
electrodes, electric fields cannot be generated to influence the liquid crystal layer
corresponding to theses portions of the display assembly. Therefore, these portions

of the liquid crystal layer do not participate in the scattering of the light, and thus
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have a reduced scattering power.

[0149] It is further noted that because the common electrodes need to have both the
function of reflection and the function of blocking the linearly polarized light, the

pixel electrodes can be changed.

5 [0150] As described above, when a same electrical signal is applied, on the one hand,
the larger the area of the pixel electrodes, the larger the area of the liquid crystal
layer that is influenced by the electrical signal, the stronger the scattering power of
the corresponding liquid crystal layer. On the other hand, the smaller the area of the
pixel electrodes, the smaller the area of the liquid crystal layer that is influenced by

10 the electrical signal, and the weaker the scattering power of the corresponding liquid

crystal layer.

[0151] In order to compensate for the attenuation effect of light transmitting in the
display assembly to thereby ensure a display uniformity of the display device, it
needs to be configured such that a first portion of the optical waveguide display

15 assembly corresponding to a first region that is closer to the light source has a weaker
scattering power that a second portion of the optical waveguide display assembly
corresponding to a second region that is farther from the light source. Accordingly,
in embodiment 1, the pixel electrodes in a first region closer to the light source can
be configured to have a smaller area than the pixel electrodes in a second region

20 farther from the light source.

[0152] Therefore, if the voltage of the electrical signal applied to the pixel electrode
is substantially same, it can be ensured the scattering power of the first portion of the
optical waveguide display assembly is weaker than the scattering power of the

second portion of the optical waveguide display assembly.

25 [0153] It should be further noted that in some embodiments of the present disclosure,
this above mentioned manner of compensation can be configured only for some
specific regions, but such configuration can also be for all regions so that display

uniformity can be improved as much as possible.
[0154] Embodiment 2
30 [0155]  As for the optical waveguide display assembly as shown in FIG. 5, the larger
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a region of the liquid crystal layer that is influenced by the electric field applied
thereupon, the more the liquid crystal particles whose state is changed, thus the

stronger the scattering power of the region to the light.

[0156] In the optical waveguide display assembly disclosed herein, when an electric

field is applied to the liquid crystal layer, because of the presence of the
macromolecule polymer molecules, the orientation of the liquid crystal particles in
the liquid crystal layer is not orderly, resulting in a difference of the refractive rate
between the liquid crystal particles and the macromolecule polymer molecules. As
a consequence, the light incident into the liquid crystal layer is refracted and
reflected at the surface of the liquid crystal particles, the condition of total reflection
for at least one portion of the light is not satisfied. Thus after multiple times of
refractions and reflections, the at least one portion of light is able to emit out of the
liquid crystal layer, thereby the bright state of the optical waveguide display

assemblies is formed.

[0157] When there is no electric field applied to the liquid crystal layer, the

refractive rates of the liquid crystal particles and the refractive rate of the
macromolecule polymer molecules are substantially same, thus the liquid crystal
layer is transparent to the light. As a consequence, the condition of total reflection
for the light is maintained, and the light is thereby constrained within the optical
waveguide display assembly and cannot emit out of the liquid crystal layers, thereby

the dark state of the optical waveguide display assemblies is formed.

[0158] As such, if a uniform design is applied to the electrodes (that is, different

regions of the electrodes have substantially same area), and the electrical signals
applied to the electrodes are configured to be substantially same, the scattering power
of the portions of the optical waveguide display assembly depends on the distribution
of the macromolecule polymer molecules in corresponding regions: the higher the
concentration of the macromolecule polymer molecules in a certain region, the
stronger the influence of macromolecule polymer molecules on the orientation of the
liquid crystal particles, the larger the number of liquid crystal particles that are
influenced by the electrical signal, and the larger the number of times of reflections
and refractions of light in the region, and then the more the light emitting out of the

optical waveguide display assembly.
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[0159] Therefore, in embodiment 2, it can be configured such that a first portion of
the optical waveguide display assembly that corresponds to a first region comprises a
lower concentration of the macromolecule polymer molecules than a second portion
of the optical waveguide display assembly that corresponds to a second region,

wherein the first region is closer to the light source than the second region.

[0160] Because the concentration of macromolecule polymer molecules in the first
portion of the optical waveguide display assembly is lower, the number of liquid
crystal particles influenced by the electrical signals is smaller. Thus if the voltages
of the electrical signals applied to the pixel electrodes are substantially same, the
scattering power of the first portion of the optical waveguide display assembly is
weaker than the scattering power of the second portion of the optical waveguide

display assembly.

[0161] As such, the optical waveguide display assembly according to embodiment 2
of the present disclosure comprises a display area, which comprises two regions (i.e.,
the first region and the second region) of a substantially same area, the concentration
of the macromolecule polymer molecules in the first portion of the optical waveguide
display assembly is lower than the concentration of the macromolecule polymer
molecules in the second portion of the optical waveguide display assembly. Herein,
the first portion of the optical waveguide display assembly corresponds to the first
region among the two regions that is closer to the light source, and the second
portion of the optical waveguide display assembly corresponds to the second region

among the two regions that is farther from the light source.

[0162] It should be noted that a concentration of a substance is referred to as the
amount of the substance per unit volume. Specifically, in the present disclosure, the
concentration of the macromolecule polymer molecules is referred to as the number

of macromolecule chains per unit volume.

[0163] It should be further noted that in some embodiments of the present disclosure,
this above mentioned manner of compensation can be configured for some specific
regions only, but such configuration can also be for all regions so that display

uniformity can be improved as much as possible.

[0164] In some embodiments of the optical waveguide display assembly as
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illustrated in FIG. 7, the display area can be rectangular. The display area
comprises a first side neighboring the light source, and the display area is divided
into a plurality of continuously distributed regions with a substantially same area and
in a direction that is perpendicular to the first side and parallel to the display area.
It is configured such that in any two neighboring regions, a concentration of the
macromolecule polymer molecules in a region that is closer to the first side is smaller
than a concentration of the macromolecule polymer molecules in a region that is

farther from the first side.

[0165] As shown in FIG. 7, in the direction from the left to the right, the longer the

distance from the light source, the larger the concentration of the macromolecule
polymer molecules. Therefore, although the incident light in each region becomes
weaker and weaker during transmission in the direction from left to right, because
the concentration of the corresponding macromolecule polymer molecules is getting
larger and larger in the left-to-right direction, the influence exerted by the
macromolecule polymer molecules to the liquid crystal particles becomes stronger

and stronger under the application of same electrical signals.

[0166] Therefore, in the left-to-right direction, the number of liquid crystal particles

that are influenced becomes larger and larger, and correspondingly the scattering
power becomes stronger and stronger, thereby making a compensation for the
situation that the incident light becomes weaker and weaker, and resulting in a

relatively stable emission of the light.

[0167] In some embodiments of the optical waveguide display assembly, in order to

improve the light utilization rate and to increase the display brightness, the
aforementioned optical waveguide display assembly further comprises a reflector,
which is disposed on a side of the display area opposing to the light source, and is
configured to reflect the light back into the optical waveguide transmission structure
to thereby improve the utilization rate of the light and to increase the display

brightness.

[0168] In the above two embodiments (embodiment 1 and embodiment 2) of the

optical waveguide display assembly, through the manners as described above in the

two embodiments, when the voltages of the electrical signals applied to the pixel
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electrodes are substantially same, the difference between the brightness of the pixels
corresponding to the first portion of the optical waveguide display assembly and the
brightness of the pixels corresponding to the second portion of the optical waveguide
display assembly is configured to be smaller than a preset threshold, so that display

uniformity of the display assembly is ensured.

[0169] In the above mentioned embodiment 2 of the present disclosure, the display
uniformity of the display assembly can be improved through changing the
concentration of the macromolecule polymer molecules in the liquid crystal layer of
the optical waveguide display assembly. Herein the present disclosure further
provides a manufacturing method for the optical waveguide display assembly, as

illustrated in FIG. 8. The method comprises:
[0170] Step 801: forming a first substrate and a second substrate;

[0171] Step 802: forming pixel electrodes and common electrodes respectively over

the first substrate and the second substrate; and

[0172] Step 803: forming a liquid crystal layer in a cassette formed by the first

substrate and the second substrate that are oppositely aligned.

[0173] The display area comprises two regions with s substantially same area, and is
configured such that a concentration of the macromolecule polymer molecules in the
first portion of the liquid crystal layer is lower than a concentration of the
macromolecule polymer molecules in the second portion of the liquid crystal layer,
wherein the first portion of the liquid crystal layer corresponds to the region among
the two regions that is closer to the light source (i.e. the first region), and the second
portion of the liquid crystal layer corresponds to the region among the two regions

farther from the light source (i.e. the second region).

[0174] In some embodiments of the present disclosure, different mixtures of the
liquid crystals and monomers can be employed for different regions to thereby
control the concentration of macromolecule polymer molecules. For example, a
plurality of chambers can be arranged in the optical waveguide display assembly, and
a different mixture of the liquid crystals and the monomers can be injected in each

chamber, such that the farther the chamber that is from the light source, the higher
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the concentration of the monomers in the mixture.

[0175] In another embodiment of the present disclosure, the concentration of the
polymer formed in different regions is controlled according to the distance between
the different regions and the light source. Because the concentration of the
macromolecule polymer can be controlled by means of altering reaction parameters
in the polymerization process, there is no need to prepare special mixture of liquid
crystal and monomer for each region, therefore reducing the manufacturing

difficulties.

[0176] In the method as described above, the step of forming a liquid crystal layer in
a cassette formed by the first substrate and the second substrate that are oppositely

aligned (i.e., S803) can specifically comprise:
[0177] Forming a mixture of liquid crystals and monomers; and

[0178] Exposing the mixture in an ultra-violet light such that the monomers
dispersed therein polymerize in a polymerization process to thereby form

macromolecule polymer molecules.

[0179] Herein, the macromolecule polymer molecules in the first portion of the
liquid crystal layer that corresponds to the first region are configured to have a lower
concentration than the macromolecule polymer molecules in the second portion of
the liquid crystal layer that corresponds to the second region, realized by controlling

reaction parameters of the polymerization process.

[0180] Herein the reaction parameters can comprise at least one of polymerization
temperature, exposure time, and exposure intensity, and the sub-step of controlling
the reaction parameters of the polymerization process can comprise any one of a

combination of the following cases:

[0181] a polymerization temperature for the first region can be controlled to be lower

than a polymerization temperature for the second region; or

[0182] an exposure time period for the first region can be controlled to be shorter

than an exposure time period for the second region; or

[0183] an exposure intensity for the first region can be controlled to be weaker than
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an exposure intensity for the second region.

[0184] In one embodiment as an illustrating example, in the polymerization process,
the ultra-violet light of a substantially same intensity is employed to expose the
whole liquid crystal layer, with an exposure time period for the first region of the
liquid crystal layer being controlled to be shorter than an exposure time period for

the second region of the liquid crystal layer.

[0185] Alternatively, in another embodiment as another illustrating example, in the
polymerization process, the whole liquid crystal layer is exposed with the ultra-violet
light within a substantially same time period, with an intensity of the ultra-violet
light applied to the first portion of the liquid crystal layer being controlled to be
lower than an intensity of the ultra-violet light for the second region of the liquid

crystal layer.

[0186] Thus in these above two embodiments of the method, only one mixture is
needed, and the concentration of the macromolecule polymer molecules in different
regions of the liquid crystal layer can be controlled by managing the exposure time

or the exposure intensity.

[0187] In some embodiments of the present disclosure, the optical waveguide display
assembly comprises the liquid crystal layer and a transparent substrate (for example,
a glass substrate or a plastic substrate) with different refractive rates. The refractive
rate of the liquid crystal layer is configured to be larger than the refractive rate of the

transparent substrate.

[0188] In some embodiments of the present disclosure, the transmission rate of the
light is improved through optical waveguide display assembly. A portion of liquid
crystal molecules are configured to be in a scattering state when an electric field is
applied, thereby altering the size of the incidence angle of the light transmitted in the
optical waveguide, which destroys the condition for total reflection between the
liquid crystal and the substrate. Consequently, the light can emit out from
corresponding locations to thereby realize the display function. As such, no
polarizer is needed for achieving display function, and the transmission rate and

utilization rate of the light can thereby be improved.
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[0189] In specific embodiments of the present disclosure, the scattering power of the
optical waveguide display assembly is configured according to the distance to the
light source. Compared with a first portion of the optical waveguide display
assembly that is closer to the light source, a second portion of the optical waveguide
display assembly that is farther from to the light source is configured to have a larger
scattering power (that is, the power to change the incidence angle of light to thereby
destroy the conditions for total reflection). As such, the problem that the light
transmitted in the optical waveguide display assembly is weaker in regions of the
optical waveguide display assembly that are farther from the light source can be

compensated for, thus improving the display uniformity of the display assembly.

[0190] Unless defined otherwise, the technical terms or scientific terms used in the
present disclosure should be terms that can be understood by those skilled in the art.
Words such as “first”, “second” and so on do not indicate any order, amount or
importance, those are only used to distinguish different portions. Words such as
“comprise”, “include” and so on mean the components or object before these words
include the components or objects listed behind these words, and do not exclude
other components or objects. Words such as “connect”, “link” and so on are not
limited to physical or mechanical connection, these also include electrical connection,
no matter it is direct or indirection connection. Words such as “above”, “over”,
“below”, “eft”, “right” and so on are only used to represent relative locations, when

the absolute locations of the object described are changed, the relative location

relationship can be changed accordingly.

[0191] It should be understood, when components such as layer, film, region or
substrate is referred for being “above” or “under “another component, the component

[/ZA\

can be located “directly” “above” or “under” another component, or there can be

other components in between.

[0192] Embodiments of the present disclosure further provides an electronic device,

comprising any one of the double-sided display device.

[0193] Although specific embodiments have been described above in detail, the
description is merely for purposes of illustration. It should be appreciated, therefore,

that many aspects described above are not intended as required or essential elements
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unless explicitly stated otherwise.

[0194] Various modifications of, and equivalent acts corresponding to, the disclosed
aspects of the exemplary embodiments, in addition to those described above, can be
made by a person of ordinary skill in the art, having the benefit of the present
disclosure, without departing from the spirit and scope of the disclosure defined in
the following claims, the scope of which is to be accorded the broadest interpretation

so as to encompass such modifications and equivalent structures.
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CLAIMS

1. A display assembly, having a display surface and a back surface opposing to
each other, comprising:

a pixel electrode substrate and a common electrode substrate, oppositely
aligned such that the pixel electrode substrate and the common electrode substrate
are respectively closer to the display surface and to the back surface;

a liquid crystal layer, sandwiched between, and configured to be in a
scattering state if an electric field is applied to, the pixel electrode substrate and
the common electrode substrate;

a light source disposed at a lateral side of the display assembly, configured to
generate, and emit into the display assembly, a linearly polarized light having a
first polarization direction; and

a blocking member, disposed at the side of the back surface and configured to
block a light having the first polarization direction to, and to allow a light having
a second polarization direction perpendicular to the first polarization direction to

pass therethrough.

2. The display assembly of Claim 1, wherein the blocking member comprises a
metal wire grid polarizer having a direction of transmission axis perpendicular to the

first polarization direction.

3. The display assembly of Claim 2, wherein the metal wire grid polarizer is

integrated in the common electrode substrate.

4. The display assembly of Claim 2, wherein the metal wire grid polarizer

comprises at least one of Al, Fe, or Cr.

5. The display assembly of Claim 1, wherein the liquid crystal layer comprises
molecules of a macromolecule polymer and particles of a liquid crystal dispersed in
the molecules of the macromolecule polymer, wherein the molecules of the
macromolecule polymer and the particles of the liquid crystal are configured to have
different refractive indices in a presence of, and to have a substantially same

refractive index in an absence of, the electric field.
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6. The display assembly of Claim 1, configured to have an altered scattering power
according to a distance to the light source to thereby realize substantially uniform

display therefor.

7. The display assembly of Claim 6, wherein for any two regions of a same size
and of a different distance to the light source, a first portion of the display assembly
corresponding to a first region that is closer to the light source is configured to have a
weaker scattering power than a second portion of the display assembly corresponding
to a second region that is farther from the light source under a substantially same
electrical signal such that the first region and the second region have a substantially

same intensity of light scattered out of the display surface.

8. The display assembly of Claim 7, wherein the liquid crystal layer comprises
molecules of a macromolecule polymer and particles of a liquid crystal dispersed in
the molecules of the macromolecule polymer, and a first pixel electrode in the first
region is configured to have a smaller area than a second pixel electrode in the

second region.

9. The display assembly of Claim 7, wherein the liquid crystal layer comprises
molecules of a macromolecule polymer and particles of a liquid crystal dispersed in
the molecules of the macromolecule polymer, and the first portion of the display
assembly comprises a lower concentration of the molecules of the macromolecule

polymer than the second portion of the display assembly.

10. The display assembly of any one of Claims 1-9, further comprising a reflector,
wherein the reflector is disposed on a side of the display assembly opposing to the
light source and is configured to reflect light emitted from the light source and
transmitting in the liquid crystal layer back into the liquid crystal layer to thereby

improve a utilization rate of the light.

11. A display device, comprising one display assembly according to any one of

Claims 1-10.
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12. The display device according to Claim 11, further comprising a transparent
substrate, disposed over the back surface and opposing to the display surface of the

one display assembly.

13. The display device according to Claim 11, further comprising another display
assembly according to any one of Claims 1-9, wherein:
the one display assembly and the another display assembly are oppositely

aligned to have the display surface thereof respectively facing outward.

14. The display device according to Claim 13, wherein the blocking member of the
one display assembly and the blocking member of the another display assembly are

integrated into a shared blocking member.

15. The display device according to Claim 14, wherein the common electrode
substrate of the one display assembly and the common eclectrode substrate of the

another display assembly are integrated into a shared common electrode substrate.

16. The display device according to Claim 15, wherein the shared blocking member

is integrated into the shared common electrode substrate.

17. The display device according to Claim 16, wherein the shared blocking member
comprises a metal wire grid polarizer, comprising at least one Al, Fe, or Cr, and
having a direction of the transmission axis perpendicular to the first polarization

direction.

18. The display device according to Claim 17, wherein the metal wire grid polarizer

comprises Cr and has a thickness of around 25 nm.

19. The display device according to Claim 13, wherein the one display assembly and
the another display assembly are configured to have an effective display area thereof

respectively separated from one another.

20. The display device according to Claim 19, wherein:

the common electrode substrate of the one display assembly and the common
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21.

clectrode substrate of the another display assembly are integrated into a shared
common ¢lectrode substrate; and

orthographic projection of each first pixel electrode in the pixel electrode
substrate of the one display assembly over the shared common electrode substrate
is not overlapped with orthographic projection of each second pixel electrode in
the pixel electrode substrate of the another display assembly over the shared

common electrode substrate.

A method for manufacturing a display assembly, comprising:

providing a pixel electrode substrate and a common electrode substrate such
that the pixel electrode substrate and the common electrode substrate are
oppositely aligned; and

forming a liquid crystal layer between the pixel electrode substrate and the
common electrode substrate such that liquid crystal layer is configured to have an
altered scattering power according to a distance to one side of the display
assembly configured to receive light emitted from a light source to thereby realize

substantially uniform display for the display assembly.

22. The method according to Claim 21, wherein in the forming a liquid crystal layer

between the pixel electrode substrate and the common electrode substrate:

the liquid crystal layer comprises molecules of a macromolecule polymer and
particles of a liquid crystal dispersed in the molecules of the macromolecule
polymer; and

for any two regions of a same size and of a different distance to the one side, a
first portion of the liquid crystal layer corresponding to a first region that is closer
to the one side is configured to comprise a lower concentration of the molecules
of the macromolecule polymer than a second portion of the liquid crystal layer

corresponding to a second region that is farther from the one side.

23. The method according to Claim 22, further comprising, between the providing a

pixel electrode substrate and a common electrode substrate and the forming a liquid

crystal layer between the pixel electrode substrate and the common electrode

substrate:

forming a plurality of chambers between the pixel electrode substrate and the

36



10

15

20

25

30

WO 2018/028468 PCT/CN2017/095412

common electrode substrate, wherein each chamber has a same size and a
different distance to the one side; and
the forming a liquid crystal layer between the pixel electrode substrate and the
common electrode substrate comprises:
injecting a mixture of liquid crystals and monomer molecules of a
different concentration in each of the plurality of chambers such that for any
two chambers, a first chamber closer to the one side contains a higher
concentration of the monomer molecules than a second chamber farther from
the one side; and
performing a polymerization process to the mixture in each of the plurality

of chambers under a substantially same reaction condition.

24. The method according to Claim 22, wherein the forming a liquid crystal layer
between the pixel electrode substrate and the common electrode substrate comprises:
injecting a mixture of liquid crystals and monomer molecules between the

pixel electrode substrate and the common electrode substrate; and
performing a polymerization process to the mixture under altered reaction

conditions to thereby form the molecules of the macromolecule polymer.

25. The method according to Claim 24, wherein the performing a polymerization
process to the mixture under altered reaction conditions comprises:

exposing the mixture in an ultra-violet light, wherein the altered reaction

conditions are realized by controlling at least one reaction parameter according to

a distance to the one side.

26. The method according to Claim 25, wherein the at least one reaction parameter
comprises at least one of polymerization temperature, exposure time, and exposure

intensity.

27. The method according to Claim 26, wherein the at least one reaction parameter
comprises polymerization temperature, configured such that a polymerization
temperature for the first region is configured to be lower than a polymerization

temperature for the second region.
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28. The method according to Claim 26, wherein the at least one reaction parameter
comprises exposure time, configured such that an exposure time for the first region is

configured to be shorter than an exposure time for the second region.
29. The method according to Claim 26, wherein the at least one reaction parameter

comprises exposure intensity, configured such that an exposure intensity for the first

region is configured to be weaker than an exposure intensity for the second region.
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