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(57) ABSTRACT

Disclosed is a display device, comprising: two liquid crystal
cells connected together and facing in opposite directions,
each liquid crystal cell includes a substrate, a pixel electrode,
a common electrode, and a cholesteric liquid crystal layer
filled between the pixel electrode and the common electrode,
the polarization properties of the filled cholesteric liquid crys-
tals are opposite to each other. In the present invention, the
two cholesteric liquid crystal cells are connected together,
such that transparent display as well as double-side display
can be achieved by using the reflective, polarizing and full
stable performance of the cholesteric liquid crystals as well as
by controlling voltage to switch two cholesteric liquid crystal
cells between a plane orientation and a vertical orientation. In
addition, with this technology, no polarizer is used and light
absorption is removed, thus, the transmission rate of the dis-
play device is improved. Further, with this technology, no
backlight is required, and the display is achieved by using the
reflection-transmission of the cholesteric liquid crystals,
therefore, energy is saved. Moreover, with this technology, no
liquid-crystal-molecule alignment film is required and no
rubbing process is required, therefore, the process is simpli-
fied.
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Chinese
Patent Application No. 201210513277.5 filed on Dec. 4,2012
in the State Intellectual Property Office of China, the whole
disclosure of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to the technical field of
display, particularly to a display device.

DESCRIPTION OF THE RELATED ART

[0003] A cholesteric liquid crystal comprises a plurality of
layers of molecules. Molecules of each layer are arranged in
the same direction, but the direction in which the molecules in
one layer is slightly rotated relative to the direction in which
the molecules in a layer adjacent to the one layer so that the
layers are laminated into a helical structure. When the direc-
tion in which the molecules are arranged is rotated by 360°
and returns to its original direction, a pitch is defined. Accord-
ing to the spiral direction, the cholesteric liquid crystal is
classified into a left-handed cholesteric liquid crystal and a
right-handed cholesteric liquid crystal, which are capable of
reflecting left-handed polarized light and right-handed polar-
ized light respectively. Reflection of the cholesteric liquid
crystal follows Bragg’s law: X=nxp, wherein n is the average
refractive index of the cholesteric liquid crystal, p is the pitch
of the cholesteric liquid crystal. When the cholesteric liquid
crystal comprises a series of liquid crystal molecules having
different pitches, it is possible to reflect the entire visible
wavelength band. A broadband reflective polarizer (BBP) can
be made by using the reflection property of the cholesteric
liquid crystal.

[0004] The cholesteric liquid crystal also has a bi-stable
performance, that is, it can be in a planar texture (after a high
voltage) or a focal conic texture (after a low voltage) when
power is not supplied; it can be in a vertical arrangement
orientation when power is supplied, which corresponds to an
ordinary VA type liquid crystal.

SUMMARY OF THE INVENTION

[0005] The present invention provides a display device,
including;

[0006] a first liquid crystal cell, comprising a first sub-
strate, a first pixel electrode layer, a first common elec-
trode layer and a first cholesteric liquid crystal layer
filled between the first pixel electrode layer and the first
common electrode layer; and

[0007] a second liquid crystal cell laminated with the
first liquid crystal cell, comprising a second substrate, a
second pixel electrode layer, a second common elec-
trode layer and a second cholesteric liquid crystal layer
filled between the second pixel electrode layer and the
second common electrode layer,

[0008] wherein

[0009] the first pixel electrode layer of the first liquid
crystal cell and the second pixel electrode layer of the
second liquid crystal cell are laminated and connected
with each other, a display surface of the first liquid
crystal cell and a display surface of the second liquid
crystal cell are oriented oppositely; and
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[0010] the polarization property of the cholesteric liquid
crystal filled in the first cholesteric liquid crystal layer is
opposite to that of the cholesteric liquid crystal filled in
the second cholesteric liquid crystal layer.

[0011] Alternatively, the first substrate, the first pixel elec-
trode layer, the first common electrode layer, the second
substrate, the second pixel electrode layer, and the second
common electrode layer are colorless and transparent.
[0012] Alternatively, the first pixel electrode layer of the
first liquid crystal cell and the second pixel electrode layer of
the second liquid crystal cell are laminated and connected
with each other to form a common pixel electrode layer of the
first liquid crystal cell and the second liquid crystal cell, the
first cholesteric liquid crystal layer and the second cholesteric
liquid crystal layer are provided at two sides of the common
pixel electrode layer respectively, wherein the two liquid
crystal cells are connected integrally via the common pixel
electrode layer. Further alternatively, the first substrate, the
first common electrodelayer, the second substrate, the second
common electrode layer and the common electrode pixel
layer are colorless and transparent.

[0013] Alternatively, the common pixel electrode layer is
provided at one side of the first cholesteric liquid crystal layer,
the first common electrode layer is provided at the other side
of the first cholesteric liquid crystal layer, the first substrate is
provided at aside of the first common electrode layer which is
away from the first cholesteric liquid crystal layer; the com-
mon pixel electrode layer is provided at one side ofthe second
cholesteric liquid crystal layer, the second common electrode
layer is provided at the other side of the second cholesteric
liquid crystal layer, the second substrate is provided at aside
ofthe second common electrode layer which is away from the
second cholesteric liquid crystal layer. Further alternatively,
the first substrate, the first common electrode layer, the sec-
ond substrate, the second common electrode layer and the
common electrode pixel layer are colorless and transparent.
[0014] Alternatively, the common pixel electrode layer
comprises a third substrate, and the first pixel electrode layer
and the second pixel electrode layer which are formed at two
sides of the third substrate respectively, the first pixel elec-
trode layer and the second the pixel electrode layer formed at
two sides of the third substrate side of are electrically con-
nected outside a display area. Further alternatively, the first
substrate, the first common electrode layer, the second sub-
strate, the second common electrode layer and the common
electrode pixel layer are colorless and transparent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic structural diagram showing a
display device according to one exemplary embodiment of
the present invention, which is in a reflection state; and
[0016] FIG.2is aschematic structural diagram showing the
display device in FIG. 1, wherein the display device is in a
transparent state;

[0017] FIG. 3 is an enlarged schematic diagram of the dis-
play device in FIG. 1, showing the structure of the common
pixel electrode layer.

REFERENCE NUMERALS
[0018] 1: first substrate;
[0019] 2: first common electrode;
[0020] 3: first liquid crystal layer;
[0021] 4: common pixel electrode layer;
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[0022] 5: second liquid crystal layer;
[0023] 6: second common electrode;
[0024] 7: second substrate;

[0025] 41: first pixel electrode layer;
[0026] 42: second pixel electrode layer:;
[0027] 43: third substrate.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0028] Exemplary embodiments of the present disclosure
will be described hereinafter in detail with reference to the
attached drawings, wherein the like reference numerals refer
to the like elements. The present disclosure may, however, be
embodied in many different forms and should not be con-
strued as being limited to the embodiment set forth herein;
rather, these embodiments are provided so that the present
disclosure will be thorough and complete, and will fully
convey the concept of the disclosure to those skilled in the art.
[0029] FIGS. 1-3 illustrate structure diagrams of display
devices according to exemplary embodiments of the present
invention.

[0030] Referring to FIGS. 1-3, the display device com-
prises two liquid crystal cells connected with each other, and
the display surface of the first liquid crystal cell and the
display surface of the second liquid crystal cell are oriented
oppositely. For the purpose of description, the upper liquid
crystal cell in FIG. 1 and FIG. 2 is the first liquid crystal cell,
and the other liquid crystal cell is the second liquid crystal
cell. The first liquid crystal cell comprises a first substrate 1,
a first common electrode layer 2, a first liquid crystal layer 3
and a first pixel electrode layer 41; and the second liquid
crystal cell comprises a second substrate 7, a second common
electrode layer 6, a second liquid crystal layer 5 and a second
pixel electrode layer 42.

[0031] Inorder to reduce the thickness ofthe display device
according to this embodiment and to simplify manufacturing
process and reduce production cost, however, the first liquid
crystal cell and the second liquid crystal cell may share a
common pixel electrode layer 4, such that the first liquid
crystal cell and the second liquid crystal cell are connected
integrally via the common pixel electrode layer 4.

[0032] As shown in FIG. 3, the common pixel electrode
layer 4 may include a first pixel electrode layer 41 and a
second pixel electrode layer 42 formed respectively at two
sides of a third substrate 43 which is between the first liquid
crystal layer 3 and the second liquid crystal layer 5, the first
and second pixel electrode layers 41 and 42 may be electri-
cally connected outside a display region.

[0033] Itis noted that the common pixel electrode layer 4
may only comprise one ofthe first pixel electrode layer 41 and
the second pixel electrode layer 42, the one pixel electrode
layer is directly connected between the first and second liquid
crystal layers 3 and 5. Further, the display device may not
comprise a common pixel electrode, that is, the first and
second liquid crystal cells may have their own pixel electrode
layers which are not electrically connected.

[0034] The first liquid crystal layer 3 and the second liquid
crystal layer 5 are filled with cholesteric liquid crystal respec-
tively. The cholesteric liquid crystal has broadband reflectiv-
ity. The polarizing performance of the cholesteric liquid crys-
tal in the first liquid crystal layer 3 and that of the cholesteric
liquid crystal in the second liquid crystal layer 5 are set to be
opposite to each other, for example, to reflect left-handed
polarized light and right-handed polarized light respectively.
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The transparent state and the double-side display state of the
display device according to the present embodiment can be
achieved by switching electrode voltages of the two liquid
crystal cells.

[0035] The cholesteric liquid crystal has reflective charac-
teristic, that is, the left-handed cholesteric liquid crystal
reflects left-handed polarized light and allows right-handed
polarized light to transmit through; and the right-handed cho-
lesteric liquid crystal reflects right-handed polarized light and
allows left-handed polarized light to transmit through.
Reflection of the cholesteric liquid crystal follows Bragg’s
law: X=nxp, wherein n is the average refractive index of the
cholesteric liquid crystal, p is the pitch of the cholesteric
liquid crystal. When the cholesteric liquid crystal comprises a
series of liquid crystal molecules having different pitches, it is
possible to reflect the entire visible wavelength band.

[0036] The cholesteric liquid crystal also has a bi-stable
performance, that is, it can be in a planar texture (after a high
voltage) or a focal conic texture (after a low voltage) when
power is not supplied, which means it is in a reflection state;
and it can be in a vertical arrangement orientation when
power is supplied, which means it is in a transparent state.
[0037] Inthedisplay device of the present embodiment, the
reflective property and the bi-stable property of the choles-
teric liquid crystal are used, two cholesteric liquid crystal
cells with opposite polarization properties are laminated, and
the two cholesteric liquid crystal cells are switchable between
the reflective state and the transparent state by controlling
voltage. FIG. 1 shows a display state in which display con-
tents can be viewed from two sides of the display device.
According to this embodiment, the two liquid crystal cells
have the same common pixel electrode 4; therefore, the dis-
play contents viewed from the two sides of the display device
are the same.

[0038] FIG. 1is a schematic structural diagram showing in
detail the display device according to one exemplary embodi-
ment of the present invention, wherein the display device is in
a display state, and wherein when power is not applied, the
cholesteric liquid crystal cells having opposite polarization
properties are in the planar orientation, as one of the bi-stable
state. Here and hereinafter, the first liquid crystal cell is the
left-handed cholesteric liquid crystal, and the second liquid
crystal cell is the right-handed cholesteric liquid crystal (vice
versa). The ambient light entering from one side of the first
liquid crystal cell into the display device is incident on the
left-handed cholesteric liquid crystal cell, such that the left-
handed polarized light is reflected and the right-handed polar-
ized light transmits through it; then the transmitted right-
handed polarized light is reflected back to the first liquid
crystal cell by the right-handed cholesteric liquid crystal of
the second liquid crystal cell, and then emitting out from the
first liquid crystal cell, therefore, both the left-handed polar-
ized light and the right-handed polarized light in the ambient
light are reflected back. When the ambient light enters from
one side of the second liquid crystal cell into the display
device, the display device has a similar effect. Based on the
above analysis, the display device according to the present
embodiment may achieve a double-side display, without a
polarizer and backlight.

[0039] FIG. 2 shows in detail a schematic structure diagram
of the display device in FIG. 2, wherein the display device is
in the transparent state, and wherein when the two cholesteric
liquid crystal cells having opposite polarization properties are
supplied with power, the liquid crystals are in a vertical ori-
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entation to represent a transparent state. The ambient light
entering into the display device from one side of the first
liquid crystal cell can transmit through the two liquid crystal
cells and emit out from one side of the second liquid crystal
cell; similarly, the ambient light entering into the display
device from one side of the second liquid crystal cell can
transmit through the two liquid crystal cells and emit out from
oneside of the first liquid crystal cell. And when the substrate,
the pixel electrode, the common electrode are in colorless and
transparent state, the transparent state of the display device is
achieved.
[0040] As can be seen from the above embodiments of the
present invention, two cholesteric liquid crystal cells are con-
nected together, thus the transparent state and double-side
display state can be achieved by using the reflective, polariz-
ing and full stable performance of the cholesteric liquid crys-
tals, and by controlling voltage to switch the two cholesteric
liquid crystal cells between the plane texture and the vertical
orientation. In addition, with this technology, no polarizer is
used and light absorption is removed, thus, the transmission
rate of the display device is improved. Further, with this
technology, no backlight is required, and the display is
achieved by using the reflection-transmission of the choles-
teric liquid crystals, therefore, energy is saved. Moreover,
with this technology, no liquid-crystal-molecule alignment
film is required and no rubbing process is required, therefore,
the process is simplified.
[0041] Although several exemplary embodiments have
been shown and described, it would be appreciated by those
skilled in the art that various changes or modifications may be
made in these embodiments without departing from the prin-
ciples and spirit of the disclosure, the scope of which is
defined in the claims and their equivalents.
What is claimed is:
1. A display device, comprising:
a first liquid crystal cell, comprising a first substrate, a first
pixel electrode layer, a first common electrode layer and
a first cholesteric liquid crystal layer filled between the
first pixel electrode layer and the first common electrode
layer; and
a second liquid crystal cell laminated with the first liquid
crystal cell, comprising a second substrate, a second
pixel electrode layer, a second common electrode layer
and a second cholesteric liquid crystal layer filled
between the second pixel electrode layer and the second
common electrode layer,
wherein
the first pixel electrode layer of the first liquid crystal cell
and the second pixel electrode layer of the second liquid
crystal cell are laminated and connected with each other,
and a display surface of the first liquid crystal cell and a
display surface of the second liquid crystal cell are ori-
ented oppositely; and
the polarization property of the cholesteric liquid crystal
filled in the first cholesteric liquid crystal layer is oppo-
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site to that of the cholesteric liquid crystal filled in the
second cholesteric liquid crystal layer.

2. The display device of claim 1, wherein:

the first pixel electrode layer of the first liquid crystal cell
and the second pixel electrode layer of the second liquid
crystal cell are laminated and connected with each other
to form a common pixel electrode layer of the first liquid
crystal cell and the second liquid crystal cell, the first
cholesteric liquid crystal layer and the second choles-
teric liquid crystal layer are provided at two sides of the
common pixel electrode layer respectively.

3. The display device of claim 2, wherein:

the common pixel electrode layer is provided at one side of
the first cholesteric liquid crystal layer, the first common
electrode layer is provided at the other side of the first
cholesteric liquid crystal layer, the first substrate is pro-
vided at a side of the first common electrode layer which
is away from the first cholesteric liquid crystal layer;

the common pixel electrode layer is provided at one side of
the second cholesteric liquid crystal layer, the second
common electrode layer is provided at the other side of
the second cholesteric liquid crystal layer, the second
substrate is provided at a side of the second common
electrode layer which is away from the second choles-
teric liquid crystal layer.

4. The display device of claim 3, wherein:

the common pixel electrode layer comprises a third sub-
strate, and the first pixel electrode layer and the second
pixel electrode layer which are formed at two sides of the
third substrate respectively, the first pixel electrode layer
and the second the pixel electrode layer formed at two
sides of the third substrate side of are electrically con-
nected outside a display area.

5. The display device of claim 1, wherein:

the first substrate, the first pixel electrode layer, the first
common electrode layer, the second substrate, the sec-
ond pixel electrode layer, and the second common elec-
trode layer are colorless and transparent.

6. The display device of claim 2, wherein:

the first substrate, the first common electrode layer, the
second substrate, the second common electrode layer
and the common electrode pixel layer are colorless and
transparent.

7. The display device of claim 3, wherein:

the first substrate, the first common electrode layer, the
second substrate, the second common electrode layer
and the common electrode pixel layer are colorless and
transparent.

8. The display device of claim 4, wherein:

the first substrate, the first common electrode layer, the
second substrate, the second common electrode layer
and the common electrode pixel layer are colorless and
transparent.
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