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1. 

THREE-DIMIENSIONAL DISPLAY DEVICE 
AND LC BARRER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority from Chinese National 
Application No 201210313818.X filed on Aug. 29, 2012, the 
contents of which are incorporated herein by reference. 

TECHNICAL FIELD 

Embodiment of the present disclosure relates to a three 
dimensional (3D) display device and a liquid crystal (LC) 
barrier. 

BACKGROUND 

As is well known, a two-dimensional (2D) display is 
unable to present information about depth of field to viewer 
as the real world does. The reason why a person can discern 
depth of field (3D effect) is that the person's two eyes have 
positional deviation caused by the interocular distance 
between the two eyes. Two pictures having binocular par 
allax become a pair of 3D pictures which, after being merged 
based on human brain's visual sense, produce a three 
dimensional effect. 
3D display may be divided into glassless-type 3D display 

and glass-type 3D display. The main stream technology of 
glass-type 3D display comprises shutter glasses technology 
and pattern retarder technology, while the glassless-type 3D 
display technology mainly involves application of parallax 
barrier, lenticular lens barrier or the like. Among the barriers 
for glassless-type 3D display, the most mature one is the 
parallax barrier technology, while the LC barrier technology 
can be used to realize switching between 2D and 3D display. 
A 3D display device can use a liquid crystal panel as the 

display unit; light exiting from the liquid crystal panel is 
polarized light, thus when an LC barrier is adopted to realize 
3D display, only one polarizer is needed to achieve 3D 
display. However, in the 3D display device having a display 
panel emitting non-polarized light for display, Such as an 
organic light emitting display (OLED), a plasma display 
panel (PDP), and a cathode ray tube (CRT), as the display 
unit, the emitted light is close to natural light, and therefore, 
when an LC barrier is adopted to realize 3D display, two 
polarizers are needed to achieve 3D display, which leads to 
severe light loss. The brightness in 3D display is not high. 

SUMMARY 

Embodiments of the present disclosure provide a three 
dimensional display device and an LC barrier to improve the 
brightness for the three-dimensional display device to real 
ize 3D display. 
One aspect of the present disclosure provides a three 

dimensional display device comprising a non-polarized light 
display unit and an LC barrier, the LC barrier comprising a 
liquid crystal cell arranged at one side of the non-polarized 
light display unit, the liquid crystal cell comprising an upper 
Substrate, a lower Substrate and a cholesteric liquid crystal 
layer provided between the upper substrate and the lower 
Substrate; a first quarter-wave plate provided on the upper 
Substrate; a polarizer provided on the first quarter-wave 
plate. The absorption axis of the polarizer is at a predeter 
mined angle to the fast axis of the first quarter-wave plate, 
such that circularly polarized light emitted out from the 
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2 
liquid crystal cell, after passing through the first quarter 
wave plate, becomes linearly polarized light, and the linearly 
polarized light then can be completely absorbed by the 
polarizer. 

Another aspect of the present disclosure provides an LC 
barrier, comprising: a liquid crystal cell comprising an upper 
Substrate, a lower Substrate and a cholesteric liquid crystal 
layer sandwiched between the upper substrate and the lower 
Substrate; a first quarter-wave plate provided on the upper 
Substrate; a polarizer provided on the first quarter-wave 
plate, wherein an absorption axis of the polarizer is at a 
predetermined angle to a fast axis of the first quarter-wave 
plate, such that circularly polarized light emitted out from 
the liquid crystal cell, after passing through the first quarter 
wave plate, becomes linearly polarized light, and the linearly 
polarized light then can be completely absorbed by the 
polarizer. 

Further scope of applicability of the present disclosure 
will become apparent from the detailed description given 
hereinafter. However, it should be understood that the 
detailed description and specific examples, while indicating 
preferred embodiments of the disclosure, are given by way 
of illustration only, since various changes and modifications 
within the spirit and scope of the disclosure will become 
apparent to those skilled in the art from the following 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to describe the technical solution of the embodi 
ment of the present disclosure more clearly, a brief intro 
duction will be made of the attached drawings of the 
embodiments. 

FIG. 1A is a structural illustration of a three-dimensional 
display device according to a first embodiment of the present 
disclosure; 

FIG. 1B is a structural illustration of a liquid crystal cell 
according to an embodiment of the present disclosure; 

FIG. 2 is an optical path diagram of the three-dimensional 
display device illustrated in FIG. 1 in which a voltage is not 
applied to the liquid crystal cell; 

FIG.3 is an optical path diagram of the three-dimensional 
display device illustrated in FIG. 1 in which a voltage is 
applied to the liquid crystal cell; 

FIG. 4 is an optical path diagram of the three-dimensional 
display device illustrated in FIG. 1 in 3D display; 

FIG. 5 is a structural illustration of a three-dimensional 
display device according to a second embodiment of the 
present disclosure; 

FIG. 6 is a structural illustration of a three-dimensional 
display device according to a third embodiment of the 
present disclosure; and 

FIG. 7 is an optical path diagram of the three-dimensional 
display device illustrated in FIG. 6 in 3D display. 

DETAILED DESCRIPTION 

To make clearer the aims, technical Solutions and advan 
tages to be solved by the embodiments of the present 
disclosure, a detailed description of the disclosure will be 
made with reference to the accompanying drawings and 
detailed embodiments. It should be noted that the drawings 
are only used schematically, but not drawn according to 
actual sizes. 

Unless defined otherwise, the technical or scientific ter 
minology being used should take the meaning usually under 
stood by the ordinary skilled in this art of the present 
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disclosure. The terms “first,” “second,' etc., which are used 
in the description and the claims of the present application 
for invention, are not intended to indicate any sequence, 
amount or importance, but distinguish various components. 
The expression “a,” “an,” “the or the like does not mean 5 
quantitative restriction, but refers to the existence of at least 
one. The phrases such as “comprise.” “include,” “contain' 
or the like intend to mean that the elements or articles before 
the phrases encompass the elements or articles and the 
equallent thereof listed after the phrases, and do not exclude 10 
other elements or articles. “Connecting,” “coupling' or the 
like is not limited to physical or mechanical connection, but 
may comprise electrical connection regardless of being 
direct or indirect. Furthermore, the phrases “on”, “below'. 
“left”, “right' and so on are used only for describing a 15 
relative positional relationship, which will be varied corre 
spondingly when the described objects are changed in its 
absolute position. 

FIG. 1A is a partial structural illustration of a three 
dimensional (3D) display device according to a first embodi- 20 
ment of the present disclosure: FIG. 1B is a structural 
illustration of a liquid crystal cell according to an embodi 
ment of the present disclosure. 

Referring to FIG. 1A, the 3D display device comprises: a 
non-polarized light display unit 1 (a display unit emitting 25 
non-polarized light for display); a liquid crystal cell 2 
provided on the non-polarized light display unit 1 (light 
exiting side), the liquid crystal cell 2 comprising a choles 
teric liquid crystal layer, a first quarter-wave plate 3 pro 
vided on the liquid crystal cell 2; and a polarizer 4 provided 30 
on the first quarter-wave plate 3. The absorption axis of the 
polarizer 4 forms a predetermined angle with the fast axis of 
the first quarter-wave plate 3, such that after the circularly 
polarized light exiting from the liquid crystal cell 2 passes 
through the first quarter-wave plate 3 and becomes linearly 35 
polarized light, the linearly polarized light then can be 
completely absorbed by the polarizer 4. 

At this time, with respect to the cholesteric liquid crystal 
layer, the first quarter-wave plate 3 is provided external side 
of the liquid crystal cell 2, and the polarizer 4 is provided 40 
further external side of the first quarter-wave plate 3. Here, 
the external side and the inner side are defined with refer 
ence to the liquid crystal display (LCD) cooperating with the 
LC barrier (e.g., see FIG. 4); the external side is the side 
away from the LCD, and the inner side is the side facing the 45 
LCD in all embodiments. 
The non-polarized light display unit may be a display 

device from which non-polarized light exits for display. Such 
as OLED, PDP and CRT. 

It should be noted that, the cholesteric liquid crystal 50 
mentioned in the embodiment of present application can be 
obtained by adding a left-handed chiral compound or a 
right-handed chiral compound into nematic phase liquid 
crystals, or otherwise may be natural cholesteric liquid 
crystal, and the present disclosure is not limited thereto. 55 
When the cholesteric liquid crystal layer is left-handed 

liquid crystal, the absorption axis of the polarizer 4 forms an 
angle of -45° with the fast axis of the first quarter-wave plate 
3 (viewing from top to bottom); when the cholesteric liquid 
crystal layer is right-handed liquid crystal, the absorption 60 
axis of the polarizer 4 forms an angle of 45° with the fast 
axis of the first quarter-wave plate 3 (viewing from top to 
bottom). 

The liquid crystal cell 2, the first quarter-wave plate 3 and 
the polarizer 4 constitute the LC barrier of the 3D display 65 
device. When 3D display is required, a voltage is applied to 
a part of the liquid crystal cell 2 to make the part become 

4 
light-transparent such that an opening area (i.e., a transmit 
ting Zone) of the LC barrier is formed, while the rest part of 
the liquid crystal cell 2 which is not applied with the voltage 
remains not light-transparent and forms a light-blocking area 
of the LC barrier; and when 2D display is required, the 
Voltage is applied to the whole liquid crystal cell to make the 
whole liquid crystal cell light-transparent Such that light can 
transmit through the entirety of the liquid crystal cell. 

It can be understood that only one polarizer is comprised 
in the LC barrier, and this configuration saves one polarizer 
compared with the conventional 3D display device based on 
a non-polarized light display unit, thus the loss of light 
during displaying 3D images is relatively less and the 
brightness for 3D display can be improved. 

FIG. 2 is an optical path diagram of the 3D display device 
illustrated in FIG. 1 where a voltage is not applied to the 
liquid crystal cell; FIG. 3 is an optical path diagram of the 
3D display device illustrated in FIG. 1 where a voltage is 
applied to the liquid crystal cell. 

With reference to FIG. 1B, the liquid crystal cell 2 may 
comprise an upper Substrate 22, a lower Substrate 21, and a 
liquid crystal layer 23 sandwiched between the upper sub 
strate 22 and the lower substrate 21. The upper substrate 22 
and the lower substrate 21 can be combined together with a 
sealing agent to for a cell. The liquid crystal layer 23 is a 
cholesteric liquid crystal layer. 
The side of the upper substrate 22 facing the lower 

substrate 21 is provided with a plurality of strip-shaped first 
electrodes 211 arranged to be spaced from each other by a 
preset interval therebetween; the side of the lower substrate 
22 facing the upper substrate 21 is provided with a plurality 
of Strip-shaped second electrodes 221 at positions corre 
sponding to those first electrodes 211, and thus the second 
electrodes 221 may be also spaced from each other by a 
preset interval therebetween. The first and second electrodes 
may be formed of a transparent conductive material, for 
example, indium tin oxide (ITO), indium zinc oxide (IZO), 
or the like. Each of the upper substrate 22 and the lower 
Substrate 21 may a glass Substrate, a plastic Substrate, or the 
like. By applying a proper Voltage between the first electrode 
211 and the second electrode 221 corresponding to each 
other in pairs, a vertical electric field can be generated within 
the liquid crystal cell 2 (that is, the electric field is perpen 
dicular to the surfaces of the upper and lower substrates). 
The liquid crystal cell 2 of the embodiment of the present 

disclosure is achieved with cholesteric liquid crystal 
devices, FIG. 2 shows the example using left-handed liquid 
crystal which may be achieved by adding left-handed chiral 
compound into nematic phase liquid crystal or may be 
natural cholesteric liquid crystal. 
To facilitate understanding, the drawings of the present 

application use a symbol is for natural light, a symbol - for 
linearly polarized light with a polarization direction parallel 

to the paper Surface, a symbol b for right-hand circular 
polarized light, a symbol p for left-hand circular polarized 
light, and a symbol G for the linearly polarized light with a 
polarization direction perpendicular to the paper Surface. 
As illustrated in FIG. 2, when no voltage is applied to the 

liquid crystal cell 2 (that is, no Voltage is applied between the 
first electrode 211 and the second electrode 221 in pairs), the 
liquid crystal molecules in the liquid crystal cell 2 are 
aligned in parallel orientation, achieving a planar texture. 
The left-handed liquid crystal performs Bragg reflection on 
a part of incident light (natural light), the reflected light is 
left-hand circular polarized light while the transmitted light 
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(that is the light passing through the liquid crystal) is 
right-hand circular polarized light, thereby achieving selec 
tive reflection. 

Its to be understood by those skilled in the relevant art 
that, when right-handed liquid crystal is used and the inci 
dent light is natural light, the reflected light is right-hand 
circular polarized light while the transmitted light is left 
hand circular polarized light. The right-handed liquid crystal 
may be achieved by adding right-handed chiral compound 
into nematic phase liquid crystal, or may be natural choles 
teric liquid crystal. 
As illustrated in FIG. 3, when a proper voltage is applied 

to the liquid crystal cell 2 (that is, the Voltage is applied 
between the first electrode 211 and the second electrode 221 
in a pair), the liquid crystal molecule occurs deflection under 
the action of the vertical electric field generated and are 
aligned vertically. The incident light (natural light) be trans 
mitted entirely, and the emergent light still is natural light. 

FIG. 4 is an optical path diagram of the 3D display device 
illustrated in FIG. 1 when performing 3D display. With 
reference to FIG. 4, when the cholesteric liquid crystal 
within the light-blocking strip-shaped areas of the LC barrier 
is in a state where no voltage is applied to the strip-shaped 
areas, that is, no voltage is applied between the correspond 
ing strip-shaped-shaped first and second electrodes within 
the light-blocking strip-shaped areas of the LC barrier, and 
the liquid crystal molecules within the liquid crystal cell 2 
are aligned in a parallel orientation, kept in the planar texture 
state. The natural light emitted from the non-polarized light 
display unit 1 passes through the cholesteric liquid crystal 
(for example, left-handed liquid crystal) in the planar texture 
state, and during that process the liquid crystal device 
reflects left-hand circular polarized light while transmits 
right-hand circular polarized light. The transmitted right 
hand circular polarized light, after passing through a first 
quarter-wave plate 3, is converted into linearly polarized 
light, and because the polarization direction of the polarized 
light is identical to the direction of the absorption axis of the 
polarizer 4 provided thereon, the linearly polarized light will 
be absorbed and can not transmit therethrough, thereby 
achieving a light-blocking effect. 

However, the cholesteric liquid crystal within the opening 
area of the LC barrier is in a power-on state, that is to say, 
a Voltage is applied between the corresponding strip-shaped 
shaped first and second electrodes within the opening area of 
the LC barrier. The light, which is natural light, exiting from 
the non-polarized light display unit 1, after passing through 
the vertically arranged cholesteric liquid crystal, is still 
natural light; further the light remains natural light even after 
passing through the first quarter-wave plate 3; finally after 
passing through the polarizer 4 on the top, the light will be 
converted into polarized light having a same polarization 
direction as the transmission axis of the polarizer. Therefore, 
this area can functions as an opening area in the LC barrier. 

In the above embodiment, its necessary for the polarizer 
4 and the first quarter-wave plate 3 to match with each other, 
that is, the fast axis of the first quarter-wave plate forms an 
angle of 45° or -45° with the absorption axis of the polarizer 
4; alternatively, the slow axis of the first quarter-wave plate 
3 forms an angle of 45° or -45° with the absorption axis of 
the polarizer 4. Furthermore, its further necessary for the 
polarizer 4 and the first quarter-wave plate 3 to match with 
the helicity of the cholesteric liquid crystal of the liquid 
crystal cell 2, so as to block the light within the light 
blocking area to achieve the function of light-blocking 
strip-shaped areas in the LC barrier. For example, when the 
cholesteric liquid crystal layer adopts left-handed liquid 
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6 
crystal, the absorption axis of the polarizer 4 forms a degree 
of -45° with the fast axis of the first quarter-wave plate 3 
(viewing from top to bottom); when cholesteric liquid 
crystal layer is right-handed liquid crystal, the absorption 
axis of the polarizer 4 forms an angle of 45° with the fast 
axis of the first quarter-wave plate 3 (viewing from top to 
bottom). 
As to the 3D display device of the embodiment of the 

present disclosure, when 2D display is required, it’s further 
needed to apply a Voltage to the light-blocking strip-shaped 
areas, that is to say, a Voltage is applied between the 
corresponding strip-shaped-shaped first and second elec 
trodes of all areas in the liquid crystal cell; at this time, the 
liquid crystal molecules within all areas are aligned verti 
cally, light can transmit all the areas (that is, the whole liquid 
crystal cell 2) and thereby achieve the switching from 3D 
display to 2D display. 

FIG. 5 is a structural illustration of a 3D display device 
according to a second embodiment of the present disclosure. 
With reference to FIG. 5, the 3D display device comprises: 
a non-polarized light display unit 1; a liquid crystal cell 2 
provided at one side of the non-polarized light display unit 
1 (light-exiting side), the liquid crystal cell 2 adopting 
cholesteric liquid crystal layer; a reflector plate 5 provided 
at the other side of the non-polarized light display unit 1; a 
first quarter-wave plate 3 provided on the liquid crystal cell 
2; a polarizer 4 provided on the first quarter-wave plate, the 
absorption axis of the polarizer 4 forming a predetermined 
angle with the fast axis of the first quarter-wave plate 3, such 
that after the circularly polarized light exiting from the 
liquid crystal cell 2 passes through the first quarter-wave 
plate 3 and becomes linearly polarized light, the linearly 
polarized light then can be completely absorbed by the 
polarizer 4. 
When the cholesteric liquid crystal layer adopts left 

handed liquid crystal, the absorption axis of the polarizer 4 
forms a degree of -45 with the fast axis of the first 
quarter-wave plate 3 (viewing from top to bottom); when the 
cholesteric liquid crystal layer adopts right-handed liquid 
crystal, the absorption axis of the polarizer 4 forms a degree 
of 45° with the fast axis of the first quarter-wave plate 3 
(viewing from top to bottom). 
The embodiment 2 differs from the first embodiment in 

that the reflector plate 5 is provided below the non-polarized 
light display unit 1. Such that the cholesteric liquid crystal in 
the planar texture state in the light-blocking strip-shaped 
area of the LC barrier reflects left-handed circular polarized 
light (when the cholesteric liquid crystal is left-handed 
liquid crystal) or right-handed circular polarized light (when 
the cholesteric liquid crystal is right-handed liquid crystal), 
so the light, after reflected by the reflector plate 5, can be 
used again (that is, recycled), thereby enhancing light inten 
sity in the displaying field. 

Other components of the second embodiment are identical 
to those of the first embodiment, and the principle of the 
second embodiment for realizing 3D display and the switch 
ing from 3D display to 2D display are also the same as that 
of the first embodiment, and the description would not be 
repeated here. 

FIG. 6 is a structural illustration of a 3D display device 
according to a third embodiment of the present disclosure. 
With reference to FIG. 6, the 3D display device comprises: 
a non-polarized light display unit 1; a liquid crystal cell 2 
provided at one side of the non-polarized light display unit 
1 (light-exiting side), the liquid crystal cell 2 including 
cholesteric liquid crystal layer; a first quarter-wave plate 3 
provided on the liquid crystal cell 2: a polarizer 4 provided 
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on the first quarter-wave plate 3, the absorption axis of the 
polarizer 4 forming a predetermined angle with the fast axis 
of the first quarter-wave plate 3, such that after the circularly 
polarized light emitted from the liquid crystal cell 2 passes 
through the first quarter-wave plate 3 and becomes linearly 
polarized light, and the linearly polarized light then can be 
completely absorbed by the polarizer 4, a second quarter 
wave plate 6 provided at the other side of the non-polarized 
light display unit 1; and a reflector plate 5 provided below 
the second quarter-wave plate 6. 

In this embodiment, with respect to the cholesteric liquid 
crystal layer of the liquid crystal cell, the second quarter 
wave plate 6 is provided at the other external side, and the 
reflector plate 5 is provided further at the external side of the 
second quarter-wave plate 6. 
When the cholesteric liquid crystal layer adopts left 

handed liquid crystal, the absorption axis of the polarizer 4 
forms a degree of -45 with the fast axis of the first 
quarter-wave plate 3 (viewing from top to bottom); when the 
cholesteric liquid crystal layer adopts right-handed liquid 
crystal, the absorption axis of the polarizer 4 forms a degree 
of 45° with the fast axis of the first quarter-wave plate 3 
(viewing from top to bottom). 
The third embodiment differs from the second embodi 

ment in that a second quarter-wave plate 6 is further 
arranged between the non-polarized light display unit 1 and 
the reflector plate 5. In the second embodiment, after natural 
light passes through cholesteric liquid crystal (for example 
left-handed liquid crystal) in the planar texture state, part of 
the left-hand circular polarized light is reflected and then 
converted into right-hand circular polarized light after pass 
ing through the reflector plate 5. While passing through the 
cholesteric liquid crystal in the Voltage-applied area(s) of the 
liquid crystal cell 2, the resultant right-hand circular polar 
ized light can be reused and passes therethrough, and when 
the right-hand circular polarized light arrives at the left 
handed liquid crystal in the area(s) applied with no voltage, 
the right-hand circular polarized light also can pass there 
through, but all of the transmitted light will be absorbed. 
Therefore, the second quarter-wave plate 6 is added in the 
embodiment 3. 

Referring to FIG. 7, after the natural light passes through 
the left-handed liquid crystal, then part of the left-hand 
circular polarized light is reflected, and the reflected left 
hand circular polarized light, after passing through the 
second quarter-wave plate 6, is converted into linearly 
polarized light; this resultant linearly polarized light is 
reflected again by the reflector plate 5 and then passes 
through the second quarter-wave plate 6 and becomes left 
hand circular polarized light, the resultant left-hand circular 
polarized light can not exit from the light-blocking strip 
shaped area of the LC barrier, and after the repeated reflec 
tions (multiple reflections), can exit from the opening area of 
the LC barrier as much as possible, thereby further improv 
ing the brightness of the opening area of the LC barrier. FIG. 
7 is a diagram taking the left-handed liquid crystal as an 
example, and as to right-handed liquid crystal, the principle 
for light path thereof is similar to that of the left-handed 
liquid crystal thus the description will not be repeated here 
for simplicity. 

Further, in the above first to third embodiments, for 
example, the first quarter-wave plate 3 and the polarizer 4 
may be integrally formed. In the above third embodiment, 
for example, the second quarter-wave plate 6 and the reflec 
torplate 5 may also be integrally formed. There, it's possible 
to simplify the device configuration, optimize manufactur 
ing technology and improve product yield. 
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8 
Finally it should be noted that the above embodiments are 

only used to illustrate the technical solution of the present 
disclosure rather than limiting, and modification or equiva 
lent substitution can be made to the technical solution of the 
present disclosure without departing from the spirit of 
technical solution of the present disclosure, which would be 
encompassed within the scope defined by the claims of the 
present disclosure. 
What is claimed is: 
1. A three-dimensional (3D) display device, comprising a 

non-polarized light display unit and a liquid crystal (LC) 
barrier, the LC barrier receiving non-polarized light emitted 
from the non-polarized light display unit, wherein the LC 
barrier comprises: 

a liquid crystal cell arranged at one side of the non 
polarized light display unit, wherein the liquid crystal 
cell comprises an upper Substrate, a lower Substrate and 
a cholesteric liquid crystal layer provided between the 
upper substrate and the lower substrate, and the cho 
lesteric liquid crystal layer receives the non-polarized 
light emitted from the non-polarized light display unit 
and emits circular polarized light without electric field 
applied to the cholesteric liquid crystal layer, 

a first quarter-wave plate provided on the upper Substrate 
to convert the circular polarized light to linearly polar 
ized light; and 

a polarizer provided on the first quarter-wave plate, 
wherein an absorption axis of the polarizer forms a 

predetermined angle with a fast axis of the first quarter 
wave plate. Such that the linearly polarized light emit 
ted from the first quarter-wave plate then can be com 
pletely absorbed by the polarizer; and 

wherein the 3D display device has only one polarizer. 
2. The 3D display device according to claim 1, further 

comprising: a reflector plate provided at the other side of the 
non-polarized light display unit. 

3. The 3D display device according to claim 2, further 
comprising: a second quarter-wave plate provided between 
the non-polarized light display unit and the reflector plate. 

4. The 3D display device according to claim 1, wherein a 
side of the upper substrate facing the lower substrate is 
provided with strip-shaped first electrodes arranged with an 
interval therebetween, and 

a side of the lower substrate facing the upper substrate is 
provided with strip-shaped second electrodes at posi 
tions corresponding to the first electrodes. 

5. The 3D display device according to claim 4, wherein in 
the condition that no voltage is applied between the first 
electrodes and the second electrodes, no electric field is 
generated between the upper substrate and the lower sub 
strate. Such that liquid crystal molecules in the cholesteric 
liquid crystal layer are aligned in the planar texture; and 
when a voltage is applied between the first electrodes and 

the second electrodes, a vertical electric field is gener 
ated between the upper substrate and the lower sub 
strate. Such that the liquid crystal molecules in the 
cholesteric liquid crystal layer are aligned in the direc 
tion of the electric field. 

6. The 3D display device according to claim 1, wherein in 
the condition that the cholesteric liquid crystal layer is 
left-handed liquid crystal, the absorption axis of the polar 
izer forms an angle of -45° with the fast axis of the first 
quarter-wave plate; and 

in the condition that the cholesteric liquid crystal layer is 
right-handed liquid crystal, the absorption axis of the 
polarizer forms an angle of 45° with the fast axis of the 
first quarter-wave plate. 
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7. The 3D display device according to claim wherein the 
first quarter-wave plate and the polarizer are integrated. 

8. The 3D display device according to claim 3, wherein 
the second quarter-wave plate and the reflector plate are 
integrated. 

9. A liquid crystal (LC) barrier, comprising: a liquid 
crystal cell receiving non-polarized light emitted from a 
non-polarized light display unit, comprising an upper sub 
strate, a lower substrate and a cholesteric liquid crystal layer 
sandwiched between the upper substrate and the lower 
substrate wherein the cholesteric liquid crystal layer receives 
the non-polarized light emitted from the non-polarized light 
display unit and emits circular polarized light without elec 
tric field applied to the cholesteric liquid crystal layer; 

a first quarter-wave plate provided on the upper substrate 
to convert the circular polarized light to linearly polar 
ized light; and 

a polarizer provided on the first quarter-wave plate, 
wherein an absorption axis of the polarizer forms a 

predetermined angle with a fast axis of the first quarter 
wave plate, such that the linearly polarized light emit 
ted from the first quarter-wave plate then can be com 
pletely absorbed by the polarizer; and 

wherein the LC barrier has only one polarizer. 
10. The LC barrier according to claim 9, wherein a side 

of the upper substrate facing the lower substrate is provided 
with strip-shaped first electrodes arranged with an interval 
therebetween; and 
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a side of the lower substrate facing the upper substrate is 

provided with strip-shaped second electrodes at posi 
tions corresponding to the first electrodes. 

11. The LC barrier according to claim 10, wherein in the 
condition that the first electrode and the second electrode are 
not applied with a voltage therebetween, no electric field is 
generated between the upper substrate and the lower sub 
Strate, such that the liquid crystal molecules in the choles 
teric liquid crystal layer are aligned in planar texture; and 

in the condition that the first electrode and the second 
electrode are applied with voltage therebetween, a 
vertical electric field is generated between the upper 
substrate and the lower substrate, such that the liquid 
crystal molecules in the cholesteric liquid crystal layer 
are aligned in the direction of the electric field. 

12. The LC barrier according to claim 9, wherein in the 
condition that the cholesteric liquid crystal layer adopts 
left-handed liquid crystal, the absorption axis of the polar 
izer forms an angle of -45° with the fast axis of the first 
quarter-wave plate; and 

in the condition that the cholesteric liquid crystal layer 
adopts right-handed liquid crystal, the absorption axis 
of the polarizer forms an angle of 45° with the fast axis 
of the first quarter-wave plate. 

13. The LC barrier according to claim 9, wherein the first 
quarter-wave plate and the polarizer are integrated. 
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