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7) ABSTRACT

A display panel provided according to the present disclosure
may include an optical component and two Guest Host liquid
crystal cells located at two opposite sides of the optical com-
ponent. The optical component is used for reflecting light
with a specific wavelength and transmitting other light. The
Guest Host liquid crystal cells each include a plurality of pixel
units each having two operation states of transmitting natural
light and linearly polarized light. When the pixel units trans-
mit the linearly polarized light, the light reflected by the
optical component cannot pass through the pixel units,
thereby achieving a dark state display.
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DISPLAY PANEL AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims a priority of the Chi-
nese patent application No. 201410243003.8 filed on Jun. 3,
2014, which s incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates to a field of display
technology, in particular to a display panel and a display
device.

DESCRIPTION OF THE PRIOR ART

[0003] In recent years, with continuous improvement on
Liquid Crystal Display (LCD) technology, LCD products
gradually spread to every corner of our lives. People’s
requirements on characteristics of the LCD products, such as
high contrast, high resolution, low power consumption, are
increasingly demanding.

[0004] A reflective-type display panel has been proposed
for low power consumption display technology. Such a
reflective-type display panel may display under an ambient
natural light condition without a backlight source. Therefore,
the reflective-type display panel is more suitable for outdoor
situations, e.g., may be applied to billboards, signposts and so
on.

[0005] However, the reflection-type display panel may only
use reflected light for achieving display, which has a low
utilization of light. Thus, there is a technical problem of low
brightness and low contrast.

SUMMARY OF THE INVENTION

[0006] The present disclosure provides a display panel and
a display device for solving the above technical problem with
the reflective-type display panel that the utilization of the
light, the brightness and the contrast are low.

[0007] In order to solve the above technical problem,
according to an aspect of the present disclosure, a display
panel is provided. The display panel comprises:

[0008] an optical component for reflecting light with a spe-
cific wavelength and transmitting other light;

[0009] a first Guest Host (GH) liquid crystal cell and a
second GH liquid crystal cell located at two opposite sides of
the optical component, the first GH liquid crystal cell and the
second GH liquid crystal cell each comprising a plurality of
pixel units which have a first operation state and a second
operation state, the pixel units transmitting natural light under
the first operation state and transmitting linearly polarized
light under the second operation state. When the pixel units
are under the second operation state, a polarization direction
of the light reflected by the optical component is substantially
perpendicular to an extension direction of a polarization axis
of the pixel units, thereby achieving a dark state display.
[0010] According to the display panel as described above,
for example, the optical component comprises:

[0011] a cholesteric liquid crystal layer in a planar state for
reflecting the light with the specific wavelength and transmit-
ting the other light;

[0012] a first ¥ wave plate between the first GH liquid
crystal cell and the cholesteric liquid crystal layer in an exten-
sion direction of a screw axis of the cholesteric liquid crystal
layer; and
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[0013] a second 4 wave plate between the second GH
liquid crystal cell and the cholesteric liquid crystal layer in the
extension direction of the screw axis of the cholesteric liquid
crystal layer,

[0014] wherein the first 4 wave plate and the second 4
wave plate are used for converting the linearly polarized light
into circularly polarized light which has the same optical
rotation characteristic as that of the cholesteric liquid crystal
layer.

[0015] According to the display panel as described above,
for example, under the second operation state, the polariza-
tion axes of the pixel units in the first GH liquid crystal cell
and the second GH liquid crystal cell are substantially per-
pendicular to each other.

[0016] According to the display panel as described above,
for example, a first front light source is arranged at one side of
the first GH liquid crystal cell opposite to the cholesteric
liquid crystal layer.

[0017] According to the display panel as described above,
for example, a first asymmetric scattering film is arranged
between the first front light source and the first GH liquid
crystal cell.

[0018] According to the display panel as described above,
for example, a second front light source is arranged at one side
of the second GH liquid crystal cell opposite to the cholesteric
liquid crystal layer.

[0019] According to the display panel as described above,
for example, a second asymmetric scattering film is arranged
between the second front light source and the second GH
liquid crystal cell.

[0020] According to the display panel as described above,
for example, structures of the first GH liquid crystal cell and
the second GH liquid crystal cell are identical, each includ-
ing:

[0021] a first substrate and a second substrate arranged
opposite to form the cell;

[0022] a GH liquid crystal molecular layer arranged
between the first substrate and the second substrate;

[0023] wherein a common electrode is arranged inside the
first substrate, a pixel electrode is arranged inside the second
substrate, each of the pixel units in the first GH liquid crystal
cell and the second GH liquid crystal cell includes one pixel
electrode, the pixel electrodes of adjacent pixel units are
electrically insulated, and the pixel electrodes and the com-
mon electrode are used for controlling deflection of the GH
liquid crystal molecules, so as to switch the corresponding
pixel units to the first operation state or the second operation
state.

[0024] According to the display panel as described above,
for example, the cholesteric liquid crystal layer is a right-
handed cholesteric liquid crystal layer; and

[0025] wherein under the second operation state, an angle
between the polarization axis of the pixel units of the first GH
liquid crystal cell and an optical axis of the first 4 wave plate
is substantially 45°, and an angle between the polarization
axis of the pixel units of the second GH liquid crystal cell and
an optical axis of the second /4 wave plate is substantially
45°,

[0026] According to the display panel as described above,
for example, the cholesteric liquid crystal layer is a left-
handed cholesteric liquid crystal layer; and

[0027] wherein under the second operation state, an angle
between the polarization axis of the pixel units of the first GH
liquid crystal cell and an optical axis of the first V4 wave plate
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is substantially 135°, and an angle between the polarization
axis of the pixel units of the second GH liquid crystal cell and
an optical axis of the second /4 wave plate is substantially
135°.

[0028] According to another aspect of the present disclo-
sure, a display device is provided, which comprises a display
panel as described above.

[0029] The present disclosure has the following advanta-
geous effects.
[0030] In the above technical solutions, the display panel

comprises an optical component and two GH liquid crystal
cells located at two opposite sides of the optical component.
The optical component is used for reflecting light with a
specific wavelength and transmitting other light. The GH
liquid crystal cells each comprises a plurality of pixel units
each having two operation states of transmitting natural light
and linearly polarized light. When the pixel units transmit the
linearly polarized light, the light reflected by the optical com-
ponent cannot pass through the pixel units, thereby achieving
a dark state display. When the pixel units transmit the natural
light, the light transmitted from one side of the optical com-
ponent may also be used for display at the other side, which
improves utilization of light and increases display brightness
and contrast. Since a polarizer is not used any more, costs may
be significantly saved and manufacture process may be sim-
plified. When the display panel is used outdoors, ambient
natural light may be used for display, which has advantages of
energy saving and environmental protection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] In order to illustrate embodiments of the present
disclosure or technical solutions in the prior art more clearly,
drawings to be used for description of the embodiments or the
prior art will be introduced briefly. Obviously, the following
drawings only show some embodiments of the present dis-
closure. The skilled in the art may also obtain other drawings
based on these drawings without any creative labor.

[0032] FIG. 1 shows a first explosive schematic view of a
display panel along a screw axis of a cholesteric liquid crystal
layer in an embodiment of the present disclosure;

[0033] FIG. 2 shows a display schematic view of a display
panel according to an embodiment of the present disclosure;
[0034] FIGS. 3-6 show display optical path diagrams of
pixel units of a display panel under different operation states
in an embodiment of the present disclosure; and

[0035] FIG. 7 shows a second explosive schematic view of
a display panel along a screw axis of a cholesteric liquid
crystal layer in an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] Embodiments of the present disclosure are further
described in conjunction with the drawings and examples
hereinafter. The following examples are only for describing
the present disclosure, and not meant to limit the scope of the
present disclosure.

[0037] To make the objects, solutions and advantages of the
present disclosure more obvious, technical solutions of the
embodiments of the present disclosure will be illustrated in
detail in the following in conjunction with the drawings of the
embodiments. Apparently, the described embodiments are
only some but not all of the embodiments of the present
disclosure. All the other embodiments obtained by those
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skilled in the art based on the described embodiments of the
present disclosure fall within the scope of protection of the
present disclosure.

[0038] Technical terms or scientific terms used here should
have a common meanings understood by those ordinary
skilled in the art. Words such as “first” and “second” used in
the specification and the claims of this patent application do
not indicate any order, quantity or importance, and are only
used to distinguish different components, unless defined oth-
erwise. Similarly, words such as “one” and “a/an” do not
indicate any numeral limitation either, but at least one exist-
ing. Words such as “connected to” or “connected with”” do not
limited to physical or mechanical connection necessarily, but
can include electrical connection, either direct or indirect.
Words such as “upper”, “lower”, “left” and “right” only used
to indicate the relative position relation, and if the absolute
position of the described object changes, the relative position
relation changes accordingly.

[0039] The present disclosure provides a two-side reflec-
tive display panel, including two display surfaces opposite to
each other. The pixel units arranged on the display surfaces of
respective sides have two operation states, i.e., transmitting
natural light and transmitting linearly polarized light. When
the pixel units transmit the linearly polarized light, the light
reflected by the optical component cannot pass through the
pixel units, thereby achieving a dark state display. When the
pixel units transmit the natural light, the light which is not
used for the display surface at one side may be transmitted to
the display surface at the other side for display, which
improves utilization of light and increases display brightness
and contrast. Since a polarizer is not used any more, costs may
be significantly saved and manufacture process may be sim-
plified. When the display panel is used outdoors, ambient
natural light may be used for display, which has advantages of
energy saving and environmental protection.

[0040] Embodiments of the present disclosure are further
described in conjunction with the drawings and examples
hereinafter. The following examples are only for describing
the present disclosure, and not meant to limit the scope of the
present disclosure.

[0041] Before the detailed description, several professional
terms concerned in the present disclosure will be explained
first.

[0042] Guest Host (GH) liquid crystal: mixing one or more
dyes (guests) into the liquid crystal (host), wherein both dye
molecules and liquid crystal molecules are molecules with
rod-like structures. The rod-like dye molecules (e.g., positive
dye molecules being considered in the present disclosure)
have larger absorption amount for the polarized light in a
major axis direction, but have asmaller absorption amount for
the polarized light in a minor axis direction. These are impor-
tant characteristics for the dye molecules. It is desired that
difference between the absorption amounts for the dye mol-
ecules which are mixed into the liquid crystal is the larger the
better. Furthermore, when the liquid crystal molecules are
deflected by applying a voltage signal, a pointing direction of
the dye molecules may be changed. When the major axis of
the liquid crystal molecules is substantially perpendicular to
alight incident direction, the linearly polarized light from the
natural light which is substantially perpendicular to the major
axis direction of the GH liquid crystal molecules is passed
through. When the major axis of the liquid crystal molecules
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is substantially in parallel with the light incident direction, it
is still the natural light that is passed through the GH liquid
crystal layer.

[0043] Cholesteric liquid crystal: having a spiral structure,
particularly having a right-handed circular polarization state
and a left-handed circular polarization state. In order to facili-
tate the description, it is provisioned that facing the light, the
light rotating counterclockwise is the right-handed circularly
polarization state, and the light rotating clockwise is the left-
handed circular polarization state. For cholesteric liquid crys-
tal of the right (left)-handed polarization state, the cholesteric
liquid crystal will reflect the right (left)-handed circularly
polarized light, and transmit the circularly polarized light of
the left (right)-handed polarization state, and the reflected
right (left)-handed circularly polarized light will be reflected
out in the left (right)-handed circular polarization state. The
linearly polarized light may be converted into the circularly
polarized light by a /4 wave plate. When the linearly polarized
light in an x-direction (or a y-direction, the x-direction being
perpendicular to the y-direction) is converted into the right-
handed circularly polarized light through the % wave plate,
and the right-handed circularly polarized light reaches the
right-handed cholesteric liquid crystal, it will be reflected
back in a form of the left-handed circular polarization state,
and the left-handed circularly polarized light is turned into the
linear polarization state in the y-direction (or the x-direction)
through the %4 wave plate. By using the spiral structure of the
cholesteric liquid crystal, light with a specific wavelength
may be selectively reflected, and other light may be transmit-
ted, thus presenting a particular color.

[0044] Reflective display panel: displaying with the reflec-
tive light, such as the GH liquid crystal panel, the cholesteric
liquid crystal panel.

First Embodiment

[0045] As shown in FIG. 1, an embodiment of the present
disclosure provides a two-side reflective display panel includ-
ing two display surfaces opposite to each other, which may
implement the two-side reflective display.

[0046] The display panel comprises an optical component
10, and a first GH liquid crystal cell 14 and a second GH liquid
crystal cell 15 located at two opposite sides of the optical
component 10. The optical component 10 is used for reflect-
ing light with a specific wavelength and transmitting other
light. The first GH liquid crystal cell 14 and the second GH
liquid crystal cell 15 each comprises a plurality of pixel units,
each pixel unit having a first operation state and a second
operation state. Under the first operation state, the pixel units
transmit natural light. Under the second operation state, the
pixel units transmit linearly polarized light, and at this time,
the linearly polarized light substantially perpendicular to
polarization axes of the pixel units cannot transmit the pixel
units. This feature is used in the present disclosure to imple-
ment the dark state display. That is, when the pixel units are
under the second operation state, the deflection of the light
reflected by the optical component cannot pass through the
pixel units, thereby achieving the dark state display. When the
pixel units are under the first operation state, the light
reflected by the optical component 10 transmits the pixel units
on the display surface at one side to achieve a bright state
display, while the light transmitted by the optical component
10 may be used for display on the display surface at the other
side.

Dec. 3, 2015

[0047] The structures of the first GH liquid crystal cell and
the second GH liquid crystal cell may be the same. Of course,
the structures of the first GH liquid crystal cell and the second
GH liquid crystal cell may also be different. The present
disclosure is not limited to this. For example, they may par-
ticularly comprise a first substrate and a second substrate for
the cells, the GH liquid crystal molecule layer being arranged
between the first substrate and the second substrate. A com-
mon electrode is arranged at the inside of the first substrate
(which is opposite to the second substrate), and a pixel elec-
trode is arranged at the inside of the second substrate (which
is opposite to the first substrate). Each pixel unit of the first
GH liquid crystal cell and the second GH liquid crystal cell
includes one pixel electrode, and the pixel electrodes of the
adjacent pixel units are electrically insulated. The pixel elec-
trodes and the common electrode are used for controlling
deflection of the GH liquid crystal molecules, so as to switch
the corresponding pixel units to the first operation state or the
second operation state.

[0048] Inthe above technical solution, when the pixel units
transmit the natural light in the first operation state, the light
which is not used for the display surface at one side may be
transmitted to the display surface at the other side for display,
which improves utilization of light and increases display
brightness and contrast. Since a polarizer is not used any
more, costs may be significantly saved and manufacture pro-
cess may be simplified. When the display panel is used out-
doors, ambient natural light may be used for display, which
has advantages of energy saving and environmental protec-
tion.

[0049] In a particular implementation, the optical compo-
nent 10 includes a cholesteric liquid crystal layer 11; a first Ya
wave plate 12 between the first GH liquid crystal cell 14 and
the cholesteric liquid crystal layer 11 and a second Y4 wave
plate 13 between the second GH liquid crystal cell 15 and the
cholesteric liquid crystal layer 11 in an extension direction of
ascrew axis of the cholesteric liquid crystal layer 11. The first
Ya wave plate 12 and the second ¥4 wave plate 13 are used for
converting the linearly polarized light (which is particularly
the linearly polarized light transmitted by the pixel units of
the GH liquid crystal cell in the second operation state) into
circularly polarized light which has the same optical rotation
characteristic as that of the cholesteric liquid crystal layer 11.
[0050] Thus, the particular operation principle of the two-
side reflective display panel is as follows.

[0051] As shown in FIG. 3, when the pixel units of the first
GHliquid crystal cell 14 and the second GH liquid crystal cell
15 transmit the natural light in the first operation state, the
light passing through the /4 wave plate s still the natural light.
Next, when the natural light reaches the cholesteric liquid
crystal layer 11, the light with a certain wavelength will be
reflected, and other light will be transmitted. According to
characteristics of the cholesteric liquid crystal, the optical
rotation characteristics of the light reflected and the light
transmitted by the cholesteric liquid crystal layer 11 are dif-
ferent from those of the cholesteric liquid crystal layer 11. In
particular, for a right-handed cholesteric liquid crystal layer
11, when the natural light reaches the cholesteric liquid crys-
tal layer 11, both the reflected light and the transmitted light
are left-handed circularly polarized light. The light reflected
by the cholesteric liquid crystal layer 11 passes through the Y4
wave plate and the pixel units of the GH liquid crystal cells
sequentially, so as to implement the bright state display. The
light transmitted by the cholesteric liquid crystal layer 11 is
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used for display of the opposite display surface, improving
utilization of light and increasing display brightness and con-
trast.

[0052] As shown in FIG. 4, when the pixel units of the first
GHliquid crystal cell 14 and the second GH liquid crystal cell
15 transmit first linearly polarized light of a first direction in
the second operation state, the first linearly polarized light is
converted by the ¥4 wave plate into the circularly polarized
light which has the same optical rotation characteristic as that
of the cholesteric liquid crystal layer 11. The circularly polar-
ized light is reflected back when reaching the cholesteric
liquid crystal layer 11, and there is no light passing through
the cholesteric liquid crystal layer 11 to arrive at the opposite
side. The light reflected back by the cholesteric liquid crystal
layer 11 passes through the above Y4 wave plate again to be
converted into second linearly polarized light of a second
direction. The first direction and the second direction are
substantially perpendicular to each other. Therefore, the
polarized light of the second linearly polarized light cannot
pass through the pixel units of the GH liquid crystal cell,
which achieves the dark state display.

[0053] Further, in order that the display states of the pixel
units corresponding to the first GH liquid crystal cell 14 and
the second GH liquid crystal cell 15 are different, i.e., one is
the bright state display and the other is the dark state display,
the polarization axes of the pixel units in the first GH liquid
crystal cell 14 and the second GH liquid crystal cell 15 are
substantially perpendicular to each other.

[0054] In particular, in connection with FIGS. 2, 5 and 6,
when the pixel units transmit the linearly polarized light, an
extension direction of a first polarization axis of the pixel
units in the first GH liquid crystal cell 14 is set as an x-direc-
tion, and an extension direction of a second polarization axis
of the pixel units in the second GH liquid crystal cell 15 is set
as a y-direction. When the cholesteric liquid crystal layer 11
is the right-handed cholesteric liquid crystal layer, an angle
between a first optical axis of the first /4 wave plate 12 and the
x-direction is substantially set as 45°, and also an angle
between a second optical axis of the second ¥ wave plate 13
and the y-direction is substantially set as 45°. As shown in
FIG. 2, the linearly polarized light of the x-direction trans-
mitted by the pixel units of the first GH liquid crystal cell 14
is enabled to be converted into the right-handed circularly
polarized light by the first ¥4 wave plate 12, and the linearly
polarized light of the y-direction transmitted by the pixel units
of the second GH liquid crystal cell 15 is enabled to be
converted into the right-handed circularly polarized light by
the second %4 wave plate 13.

[0055] As shown in FIG. 5, when the pixel units of the first
GH liquid crystal cell 14 transmits the natural light in the first
operation state, this is the bright state display. When the pixel
units of the second GH liquid crystal cell 15 transmit the
polarized light of the y-direction in the second operation state,
this is the dark state display. The light passing through the
pixel units of the first GH liquid crystal cell 14, the first Y4
wave plate 12 and the cholesteric liquid crystal layer 11
sequentially is the left-handed circularly polarized light, and
the left-handed circularly polarized light is converted into the
linearly polarized light of the x-direction by the second Y4
wave plate 13, which cannot pass through the pixel units of
the second GH liquid crystal cell 15. Therefore, the bright
state display of the pixel units in the first GH liquid crystal cell
14 would not affect the dark state display of the pixel units in
the second GH liquid crystal cell 15.
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[0056] As shown in FIG. 6, when the pixel units of the
second GH liquid crystal cell 15 transmits the natural light in
the first operation state, this is the bright state display. When
the pixel units of the first GH liquid crystal cell 14 transmit the
polarized light of the x-direction in the second operation state,
this is the dark state display. The light passing through the
pixel units of the second GH liquid crystal cell 15, the second
Va wave plate 13 and the cholesteric liquid crystal layer 11
sequentially is the left-handed circularly polarized light, and
the left-handed circularly polarized light is converted into the
linearly polarized light of the y-direction by the first 4 wave
plate 12, which cannot pass through the pixel units of the first
GHliquid crystal cell 14. Therefore, the bright state display of
the pixel units in the second GH liquid crystal cell 15 would
not affect the dark state display of the pixel units in the first
GH liquid crystal cell 14.

[0057] When the cholesteric liquid crystal layer 11 is the
left-handed cholesteric liquid crystal layer, the angle between
the first optical axis of the first 4 wave plate 12 and the
x-direction is substantially set as 135°, and also the angle
between the second optical axis of the second ¥4 wave plate
13 and the y-direction is substantially set as 135°, so that the
linearly polarized light of the x-direction transmitted by the
pixel units of the first GH liquid crystal cell 14 can be con-
verted into the left-handed circularly polarized light by the
first /4 wave plate 12, and the linearly polarized light of the
y-direction transmitted by the pixel units of the second GH
liquid crystal cell 15 can be converted into the left-handed
circularly polarized light by the second %4 wave plate 13. In
this way, different display states of the pixel units of the first
GHliquid crystal cell 14 and the second GH liquid crystal cell
15 may also be implemented, which is similar with the above
description, and thus is omitted for simplicity.

[0058] As shown in FIG. 3, according to the above descrip-
tion, when the pixel units corresponding to the first GH liquid
crystal cell 14 and the second GH liquid crystal cell 15 are
bright state display, for the display surface at one side, the
light transmitted by each pixel unit for display may include:
the light reflected by the cholesteric liquid crystal layer in
addition to the light reflected by the cholesteric liquid crystal
layer among the light transmitted from the other side, which
is equivalent to the natural light. When the natural light is
white light, the display panel according to the present disclo-
sure may present a black-white display. Further, in order to
implement a colorful display, a filtering layer may be set at
one side of the GH liquid crystal cell opposite to the choles-
teric liquid crystal layer 11.

[0059] Preferably, as shown in FIG. 7, a first front light
source 16 is arranged at one side of the first GH liquid crystal
cell 14 opposite to the cholesteric liquid crystal layer 11, and
a second front light source 17 is arranged at one side of the
second GH liquid crystal cell 15 opposite to the cholesteric
liquid crystal layer 11. When the ambient natural light is not
bright enough, the first front light source 16 and the second
front light source 17 may be turned on, so that a normal
display may also be implemented.

[0060] Further, a first asymmetric scattering film 18 may be
arranged between the first front light source 16 and the first
GH liquid crystal cell 14, and a second asymmetric scattering
film 19 may be arranged between the second front light source
17 and the second GH liquid crystal cell 15. The operation
principle of the asymmetric scattering films is that when the
incidentlight passes through one of the asymmetric scattering
films, it has a weak scattering effect; while when the light
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being reflected passes through the asymmetric scattering film
again, it has a strong scattering effect. The present disclosure
may significantly improve a visual angle and a display effect
of the display panel by using the asymmetric scattering films.

Second Embodiment

[0061] The present disclosure further provides a display
device, including the display panel according to the first
embodiment, which can implement the two-side reflective
display, and improve the utilization of the light, the display
brightness and contrast. Also, the production costs may be
reduced, and the manufacture process may be simplified,
which has advantages of energy saving and environmental
protection.

[0062] The above are merely the preferred embodiments of
the present invention. It should be appreciated that, a person
skilled in the art may make further improvements and modi-
fications without departing from the principle of the present
invention, and these improvements and modifications shall
also be considered as the scope of the present invention.

What is claimed is:

1. A display panel, comprising:

an optical component for reflecting light with a specific
wavelength and transmitting other light; and

a first Guest Host (GH) liquid crystal cell and a second GH
liquid crystal cell located at two opposite sides of the
optical component, the first GH liquid crystal cell and
the second GH liquid crystal cell each comprising a
plurality of pixel units which have a first operation state
and a second operation state, the pixel units transmitting
natural light under the first operation state and transmit-
ting linearly polarized light under the second operation
state,

wherein when the pixel units are under the second opera-
tion state, a polarization direction of the light reflected
by the optical component is substantially perpendicular
to an extension direction of a polarization axis of the
pixel units, thereby achieving a dark state display.

2. The display panel according to claim 1, wherein the

optical component comprises:

acholesteric liquid crystal layer in a planar state for reflect-
ing the light with the specific wavelength and transmit-
ting the other light;

a first 4 wave plate between the first GH liquid crystal cell
and the cholesteric liquid crystal layer in an extension
direction of a screw axis of the cholesteric liquid crystal
layer; and

a second Y4 wave plate between the second GH liquid
crystal cell and the cholesteric liquid crystal layer in the
extension direction of the screw axis of the cholesteric
liquid crystal layer,

wherein the first /4 wave plate and the second V4 wave plate
are used for converting the linearly polarized light into
circularly polarized light which has the same optical
rotation characteristic as that of the cholesteric liquid
crystal layer.

3. The display panel according to claim 1, wherein under
the second operation state, the polarization axes of the pixel
units in the first GH liquid crystal cell and the second GH
liquid crystal cell are substantially perpendicular to each
other.

4. The display panel according to claim 1, wherein a first
front light source is arranged at one side of the first GH liquid
crystal cell opposite to the cholesteric liquid crystal layer.
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5. The display panel according to claim 4, wherein a first
asymmetric scattering film is arranged between the first front
light source and the first GH liquid crystal cell.

6. The display panel according to claim 1, wherein a second
front light source is arranged at one side of the second GH
liquid crystal cell opposite to the cholesteric liquid crystal
layer.

7. The display panel according to claim 6, wherein a second
asymmetric scattering film is arranged between the second
front light source and the second GH liquid crystal cell.

8. The display panel according to claim 1, wherein struc-
tures of the first GH liquid crystal cell and the second GH
liquid crystal cell are identical, each comprising:

a first substrate and a second substrate arranged opposite to

form the cell;

a GH liquid crystal molecular layer arranged between the

first substrate and the second substrate;

wherein a common electrode is arranged inside the first

substrate, a pixel electrode is arranged inside the second
substrate, each of the pixel units in the first GH liquid
crystal cell and the second GH liquid crystal cell com-
prises one pixel electrode, the pixel electrodes of adja-
cent pixel units are electrically insulated, and the pixel
electrodes and the common electrode are used for con-
trolling deflection of the GH liquid crystal molecules, so
as to switch the corresponding pixel units to the first
operation state or the second operation state.

9. The display panel according to claim 1, wherein the
cholesteric liquid crystal layer is a right-handed cholesteric
liquid crystal layer; and

wherein under the second operation state, an angle between

the polarization axis of the pixel units of the first GH
liquid crystal cell and an optical axis of the first 4 wave
plate is substantially 45°, and an angle between the
polarization axis of the pixel units of the second GH
liquid crystal cell and an optical axis of the second Y4
wave plate is substantially 45 °.

10. The display panel according to claim 1, wherein the
cholesteric liquid crystal layer is a left-handed cholesteric
liquid crystal layer; and

wherein under the second operation state, an angle between

the polarization axis of the pixel units of the first GH
liquid crystal cell and an optical axis of the first /4 wave
plate is substantially 135°, and an angle between the
polarization axis of the pixel units of the second GH
liquid crystal cell and an optical axis of the second 4
wave plate is substantially 135°.

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

an optical component for reflecting light with a specific

wavelength and transmitting other light; and

a first Guest Host (GH) liquid crystal cell and a second GH

liquid crystal cell located at two opposite sides of the
optical component, the first GH liquid crystal cell and
the second GH liquid crystal cell each comprising a
plurality of pixel units which have a first operation state
and a second operation state, the pixel units transmitting
natural light under the first operation state and transmit-
ting linearly polarized light under the second operation
state,

wherein when the pixel units are under the second opera-

tion state, a polarization direction of the light reflected
by the optical component is substantially perpendicular
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to an extension direction of a polarization axis of the
pixel units, thereby achieving a dark state display.

12. The display device according to claim 11, wherein the
optical component comprises:

acholesteric liquid crystal layer in a planar state for reflect-

ing the light with the specific wavelength and transmit-
ting the other light;

afirst 4 wave plate between the first GH liquid crystal cell

and the cholesteric liquid crystal layer in an extension
direction of a screw axis of the cholesteric liquid crystal
layer; and

a second Y4 wave plate between the second GH liquid

crystal cell and the cholesteric liquid crystal layer in the
extension direction of the screw axis of the cholesteric
liquid crystal layer,

wherein the first /4 wave plate and the second Y4 wave plate

are used for converting the linearly polarized light into
circularly polarized light which has the same optical
rotation characteristic as that of the cholesteric liquid
crystal layer.

13. The display device according to claim 11, wherein
under the second operation state, the polarization axes of the
pixel units in the first GH liquid crystal cell and the second
GH liquid crystal cell are substantially perpendicular to each
other.

14. The display device according to claim 11, wherein a
first front light source is arranged at one side of the first GH
liquid crystal cell opposite to the cholesteric liquid crystal
layer.

15. The display device according to claim 14, wherein a
first asymmetric scattering film is arranged between the first
front light source and the first GH liquid crystal cell.

16. The display device according to claim 11, wherein a
second front light source is arranged at one side of the second
GH liquid crystal cell opposite to the cholesteric liquid crystal
layer.

17. The display device according to claim 16, wherein a
second asymmetric scattering film is arranged between the
second front light source and the second GH liquid crystal
cell.
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18. The display panel according to claim 11, wherein struc-
tures of the first GH liquid crystal cell and the second GH
liquid crystal cell are identical, each comprising:

a first substrate and a second substrate arranged opposite to
form the cell;

a GH liquid crystal molecular layer arranged between the
first substrate and the second substrate;

wherein a common electrode is arranged inside the first
substrate, a pixel electrode is arranged inside the second
substrate, each of the pixel units in the first GH liquid
crystal cell and the second GH liquid crystal cell com-
prises one pixel electrode, the pixel electrodes of adja-
cent pixel units are electrically insulated, and the pixel
electrodes and the common electrode are used for con-
trolling deflection of the GH liquid crystal molecules, so
as to switch the corresponding pixel units to the first
operation state or the second operation state.

19. The display device according to claim 11, wherein the
cholesteric liquid crystal layer is a right-handed cholesteric
liquid crystal layer; and

wherein under the second operation state, an angle between

the polarization axis of the pixel units of the first GH
liquid crystal cell and an optical axis of the first 4 wave
plate is substantially 45°, and an angle between the
polarization axis of the pixel units of the second GH
liquid crystal cell and an optical axis of the second Y4
wave plate is substantially 45 °.

20. The display device according to claim 11, wherein the
cholesteric liquid crystal layer is a left-handed cholesteric
liquid crystal layer; and

wherein under the second operation state, an angle between

the polarization axis of the pixel units of the first GH
liquid crystal cell and an optical axis of the first /4 wave
plate is substantially 135°, and an angle between the
polarization axis of the pixel units of the second GH
liquid crystal cell and an optical axis of the second Y4
wave plate is substantially 135°.

* ok % % ¥



LR EH(F)

RiES

[PRIER 1 (Z R A(F)
R (TR AGE)
HAT R E (TR AGE)

FRI& B A

RN

L5
H AT SO
S\EREERR

BE(X)

REALFTFRENEREARJASFE R ZAHNCT A ZAFNFHNE
HMHHANRERR LT, K2R TRABERKN X EH Eid
Ho GuestHostBBBETLBNIESMERERT , BIMBRERERE
5t B AKX ML MRIFLNRHRERS, HBRETEFLMERRL
B, AAFAHRFVATERESGRET , NTIKHBESE R,

ERERMERRE

US20150346536A1 [F(2E)A
US14/495149 iR

RRABMEEARBERAT

REAPEEARGERLF.

RERARBEARHDERLF.

WANG YINGTAO
ZHENG HAOLIANG

WANG, YINGTAO
ZHENG, HAOLIANG

GO02F1/137 GO2F1/1335

patsnap

2015-12-03

2014-09-24

GO02F1/13725 G02F1/133528 G02F2001/133616 G02F2001/133638 G02F2001/133541 GO2F1/13362

GO02F1/13475 G02F2001/133342 HO1L27/3267
201410243003.8 2014-06-03 CN
US9285646

Espacenet USPTO

1=

™~

AR AR AR RARAAL



https://share-analytics.zhihuiya.com/view/845f50be-9dfc-42ad-9110-34775db9b4a8
https://worldwide.espacenet.com/patent/search/family/051466056/publication/US2015346536A1?q=US2015346536A1
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=%2220150346536%22.PGNR.&OS=DN/20150346536&RS=DN/20150346536

