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(57) ABSTRACT

The present invention provides a liquid crystal display device,
the liquid crystal display device comprising an upper polar-
izer, a lower polarizer and a first liquid crystal cell arranged
between the upper polarizer and the lower polarizer, wherein
a second liquid crystal cell is further arranged between the
upper polarizer and the first liquid crystal cell, the second
liquid crystal cell comprising a first electrode, a second elec-
trode and a firstliquid crystal layer arranged between the first
electrode and the second electrode, the first liquid crystal
layer being ablue phase liquid crystal layer, the first electrode
and the second electrode being used for forming a vertical
electric field. The present invention can realize switching
between a wide view mode and a narrow view mode of the
liquid crystal display device.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the U.S. national stage entry of
PCT/CN2014/080850 with an international filing date of Jun.
26, 2014, which claims priority to and any other benefit of
Chinese Application No. 201410033334 filed Jan. 23, 2014
and entitled “Liquid crystal display device,” the entire disclo-
sures of which are incorporated by reference herein.

FIELD OF THE INVENTION

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

BACKGROUND OF THE INVENTION

[0003] With the widespread application of liquid crystal
display devices in life and work, people’s requirement on the
view of these liquid crystal display devices also becomes
higher and higher. In order to increase the view of the liquid
crystal display device, technologies such as Patterned Vertical
Alignment (PVA) technology, Multi-domain Vertical Align-
ment (MVA) technology, and In-Plane Switching (IPS) tech-
nology are proposed successively. However, in reality, there
are instances when the user would not like to share the same
display image with others for the sake of privacy. For
example, when the person uses a personal notebook computer
in public, he or she may desire to have a smaller view to
protect privacy. When a liquid crystal display is used by
several people in a family, they may desire to have a relatively
large view so as to be convenient for being used by many
people. Therefore, there is need to provide a display device
that can be switched between the wide view and the narrow
view.

SUMMARY OF THE INVENTION

(I) Technical Problem to be Solved

[0004] The technical problem to be solved by the present
invention is to provide a liquid crystal display device capable
of realizing switching between a wide view mode and a
narrow view mode.

(I1) Technical Solution

[0005] To solve the above technical problem, an embodi-
ment of the present invention provides a liquid crystal display
device comprising an upper polarizer, a lower polarizer and a
first liquid crystal cell arranged between the upper polarizer
and the lower polarizer, wherein a second liquid crystal cell is
further arranged between the upper polarizer and the first
liquid crystal cell, the second liquid crystal cell comprising a
first electrode, a second electrode and a first liquid crystal
layer arranged between the first electrode and the second
electrode, the first liquid crystal layer being a blue phase
liquid crystal layer, the first electrode and the second elec-
trode being used for forming a vertical electric field.

[0006] According to an embodiment of the present inven-
tion, the first liquid crystal cell comprises a pixel electrode, a
common electrode, a second liquid crystal layer as well as a
first substrate and a second substrate arranged opposite to
each other, the pixel electrode and the common electrode
being arranged on top of the first substrate for forming a
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horizontal electric field, the horizontal electric field being
used for controlling deflection of liquid crystal molecules in
the second liquid crystal layer.

[0007] According to an embodiment of the present inven-
tion, the second liquid crystal cell further comprises a third
substrate, the first electrode being arranged at the bottom of
the third substrate, the second electrode being arranged ontop
of the second substrate.

[0008] According to an embodiment of the present inven-
tion, optical compensation films are further arranged at the
bottom of the upper polarizer and on top of the lower polar-
izer.

[0009] According to an embodiment of the present inven-
tion, the optical compensation films are uniaxial compensa-
tion films or biaxial compensation films.

[0010] According to an embodiment of the present inven-
tion, the first liquid crystal cell is any one of an IPS liquid
crystal cell, a MVA liquid crystal cell and a PVA liquid crystal
cell.

[0011] According to an embodiment of the present inven-
tion, the liquid crystal display device further comprises a
control circuit for applying a voltage to the first electrode and
the second electrode based on a received control signal so as
to generate the vertical electric field.

(1IT) Beneficial Effect

[0012] The liquid crystal display device provided by the
embodiment of the present invention comprises a first liquid
crystal cell and a second liquid crystal cell, the second liquid
crystal cell comprising a first electrode, a second electrode
and a blue phase liquid crystal layer arranged between the first
electrode and the second electrode. When there is no vertical
electric field between the first electrode and the second elec-
trode, the liquid crystal display deviceis in a wide view mode.
When a voltage is applied to the first electrode and the second
electrode, a vertical electric field is generated between the
first electrode and the second electrode, such that the blue
phase liquid crystal of the blue phase liquid crystal layer
generate anisotropy, thereby being capable of switching the
liquid crystal display device from the wide view mode to the
narrow view mode.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1isa schematic view of a liquid crystal display
device according to an embodiment of the present invention;
[0014] FIG. 2 is a schematic view of the liquid crystal
display device as shown in FIG. 1 under the effect of a vertical
electric field;

[0015] FIG. 3 is a schematic view of another liquid crystal
display device according to an embodiment of the present
invention;

[0016] FIG. 4 is a schematic view of the liquid crystal
display device as shown in FIG. 3 under the effect of a vertical
electric field.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Next, the present invention will be further described
in detail in combination with the drawings and the embodi-
ments. The following embodiments are used for explaining
the present invention rather than limiting the scope of the
present invention.

[0018] FIG. 1isaschematic view of a liquid crystal display
device according to an embodiment of the present invention,
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comprising an upper polarizer 1, a lower polarizer 2 and a first
liquid crystal cell 4 arranged between the upper polarizer 1
and the lower polarizer 2. The light emitted by the liquid
crystal display device for example may be emitted outwards
via the upper polarizer 1, and received and perceived by the
user. Wherein, a second liquid crystal cell is further arranged
between the upper polarizer 1 and the first liquid crystal cell
4, the second liquid crystal cell comprises a first electrode 31,
a second electrode 33 and a first liquid crystal layer 32
arranged between the first electrode 31 and the second elec-
trode 33, the first liquid crystal layer 32 is a blue phase liquid
crystal layer, the first electrode 31 and the second electrode 33
are used for forming a vertical electric field, so as to control a
view of the liquid crystal display device.

[0019] Wherein, the first liquid crystal cell may be a wide
view liquid crystal cell, for example, it may be any one of an
IPS liquid crystal cell, a MVA liquid crystal cell and a PVA
liquid crystal cell. In order to enable the liquid crystal display
device to switch from the wide view to the narrow view, as
stated above, the second liquid crystal cell in the embodiment
of the present invention may comprise a first liquid crystal
layer, the first liquid crystal layer uses blue phase liquid
crystal molecules, rather than conventional liquid crystal
molecules. The conventional liquid crystal molecule per se
has birefraction, and has different refractive indexes in dif-
ferent directions, so a refractive index difference exists when
viewed from different angles of view. On the other hand, the
blue phase liquid crystal molecule differs from it. When the
blue phase liquid crystal molecule is in a normal state (not
affected by an external electric field), it has the same refrac-
tive index in respective directions, i.e., it presents isotropy,
hence, herein it may be equivalent to a sphere, i.e., no refrac-
tive index difference exists when viewed from different
angles of view. When the blue phase liquid crystal molecule is
affected by the external electric field, for example, when an
electric field in the vertical direction is applied to it, the
refractive index of the blue phase liquid crystal molecule in
the direction of the applied electric field may be increased,
which may be equivalent to being stretched from a sphere to
a spheroid. Supposed that the spheroid is vertically placed,
then, it is a sphere only when viewed from the vertical direc-
tion opposed to it, while it is a deformed spheroid when
viewed from other directions. Therefore, when an electric
field in the vertical direction is applied to the blue phase liquid
crystal molecule, except for the vertical direction opposed to
it, the refractive index difference exists in any other direction,
i.e., anisotropy of refractive index exists. From the perspec-
tive of optics, if refractive index difference exists in the
medium along the light propagation direction, an optical path
difference will be generated. The optical path difference may
be generally represented by An*d, wherein Anis the refractive
index difference, and d is the thickness of the anisotropic
medium through which the light passes.

[0020] As shown in FIG. 1, according to an embodiment of
the present invention, when there is no vertical electric field
between the first electrode 31 and the second electrode 33, the
refractive index of the blue phase liquid crystals in the first
liquid crystallayer isisotropic. Hence, when theliquid crystal
display device is viewed from different angles, the optical
path difference in a dark state is zero. Dark state light leakage
will not be generated, i.e., normal presentation of the original
bright and dark control of respective points on the liquid
crystal display device is maintained. Normal contrast and
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image display are ensured, so that the liquid crystal display
device is kept in the wide view mode.

[0021] Referring to FIG. 2, when a voltage is applied to the
first electrode 31 and the second electrode 33, a vertical
electric field is generated between the first electrode 31 and
the second electrode 33, such that the blue phase liquid crys-
tals in the first liquid crystal layer are stretched from a sphere
that represents the refractive index into a spheroid along the
direction of the electric field. This stretching enables the blue
phase liquid crystals to generate refractive index anisotropy,
i.e., except for the direction opposed to the liquid crystal
panel. When viewing the panel from an oblique direction, due
to the refractive index difference, the optical path difference
may be different when viewed from different angles of view,
thereby resulting in occurrence of dark state light leakage.
Here, the original dark points might be displayed as bright
points, thereby resulting in serious reduction of the image
contrast from an oblique view. In this way, after the vertical
electric field is generated by applying a voltage to the first
electrode 31 and the second electrode 33, the image contrast
from the oblique view might be greatly reduced. As a result
the visible view of the whole liquid crystal display image
becomes narrow, thereby realizing switching from the wide
view to the narrow view.

[0022] According to an embodiment of the present inven-
tion, the first liquid crystal cell may be any one of an IPS
liquid crystal cell, a MVA liquid crystal cell and a PVA liquid
crystal cell. By way of example, referring to FIG. 3, in one
embodiment of the present invention the first liquid crystal
cellis an IPS liquid crystal cell. FIG. 3 is a schematic view of
another liquid crystal display device according to an embodi-
ment of the present invention, comprising a first liquid crystal
cell and a second liquid crystal cell. The first liquid crystal cell
comprises a pixel electrode 44, a common electrode 45, a
second liquid crystal layer 42 as well as a first substrate 43 and
a second substrate 41 arranged opposite to each other. The
pixel electrode 44 and the common electrode 45 are arranged
on top of the first substrate 43 for forming a horizontal electric
field, and the horizontal electric field is used for controlling
deflection of liquid crystal molecules in the second liquid
crystal layer 42.

[0023] Wherein, the second liquid crystal cell comprises a
first electrode 31, a second electrode 33 and a first liquid
crystal layer 32 arranged between the first electrode 31 and
the second electrode 33. The first liquid crystal layer 32 is a
blue phase liquid crystal layer. The second liquid crystal cell
further comprises a third substrate 34, the first electrode 31 is
arranged at the bottom of the third substrate 34, and the
second electrode 33 is arranged on top of the second substrate
41, i.e., here the first liquid crystal cell and the second liquid
crystal cell share the second substrate 41. Specifically, the
liquid crystal display device may further comprise a control
circuit (not shown in the figure) for applying a voltage to the
first electrode and the second electrode based on a received
control signal (for example, a view conversion signal inputted
by the user), so as to generate the vertical electric field. For
example, when the user desires a wide view, the user may for
example send via an user interface a first control signal rep-
resentative of selection of the wide view mode to the control
circuit, such that the control circuit will not apply a voltage to
the first electrode and the second electrode, no vertical elec-
tric field exists between the first electrode and the second
electrode, the refractive index of the blue phase liquid crystal
in the first liquid crystal layer is isotropic without the effect of
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the vertical electric field, so the first liquid crystal cell will not
generate dark state light leakage from respective directions,
and still has consistent contrast, the view is not affected.
When the user desires to switch it to the narrow view, the user
may for example send via the user interface a second control
signal representative of selection of the narrow view mode to
the control circuit, such that the control circuit applies a
voltage to the first electrode and the second electrode, a ver-
tical electric field is generated between the first electrode and
the second electrode. Referring to FIG. 4, the blue phase
liquid crystals in the first liquid crystal layer are stretched
from a sphere that represents the refractive index into a sphet-
oid along the direction of the electric field under the effect of
the vertical electric field, which is equivalent to being con-
verted into vertically orientated nematic liquid crystals. Here,
the light emitted from the first liquid crystal cell, when viewed
from the normal view, will not generate dark state light leak-
age since there is no optical path difference in the blue phase
liquid crystal layer. However, when viewed from the oblique
view, the dark state light leakage will be generated due to
existence of the refractive index difference, which results in
serious reduction of the image contrast in the oblique view,
i.e., the visible view of the whole liquid crystal display image
becomes narrow, thereby realizing switching from the wide
view to the narrow view.

[0024] According to another embodiment of the present
invention, optical compensation films are further arranged at
the bottom of the upper polarizer 1 and on top of the lower
polarizer 2, wherein the optical compensation films may be
uniaxial compensations film or biaxial compensation films.
[0025] The liquid crystal display device according to the
embodiment of the present invention comprises a first liquid
crystal cell and a second liquid crystal cell, the second liquid
crystal cell comprising a first electrode, a second electrode
and a blue phase liquid crystal layer arranged between the first
electrode and the second electrode. When there is no vertical
electric field between the first electrode and the second elec-
trode, the liquid crystal display deviceis in a wide view mode,
and when a voltage is applied to the first electrode and the
second electrode, a vertical electric field is generated between
the first electrode and the second electrode, such that the blue
phase liquid crystals of the blue phase liquid crystal layer
generate anisotropy, thereby being capable of switching the
liquid crystal display device from the wide view mode to the
narrow view mode. In addition, the operation of switching
between the wide view mode and the narrow view mode
carried outin the above way is simple and has a relatively high
feasibility.

[0026] The above embodiments are only used for explain-
ing the present invention, rather than limitations to the present
invention. The ordinary skilled person in the related technical
field may further make various modifications and variants
without departing from the spirit and scope of the present
invention. Therefore, all the equivalent technical solutions
also belong to the scope of the present invention. The protec-
tion scope of the present invention should be defined by
claims.

1. A liquid crystal display device, comprising an upper
polarizer, a lower polarizer and a first liquid crystal cell
arranged between the upper polarizer and the lower polarizer,
characterized in that a second liquid crystal cell is further
arranged between the upper polarizer and the first liquid
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crystal cell, the second liquid crystal cell comprising a first
electrode, a second electrode and a first liquid crystal layer
arranged between the first electrode and the second electrode,
the first liquid crystal layer being a blue phase liquid crystal
layer, the first electrode and the second electrode being used
for forming a vertical electric field.

2. The liquid crystal display device according to claim 1,
characterized in that the first liquid crystal cell comprises a
pixel electrode, a common electrode, a second liquid crystal
layer as well as a first substrate and a second substrate
arranged opposite to each other, the pixel electrode and the
common electrode being arranged on top of the first substrate
for forming a horizontal electric field, the horizontal electric
field being used for controlling deflection of liquid crystal
molecules in the second liquid crystal layer.

3. The liquid crystal display device according to claim 2,
characterized in that the second liquid crystal cell further
comprises a third substrate, the first electrode being arranged
at the bottom of the third substrate, the second electrode being
arranged on top of the second substrate.

4. The liquid crystal display device according to claim 1,
characterized in that optical compensation films are further
arranged at the bottom of the upper polarizer and on top of the
lower polarizer.

5. The liquid crystal display device according to claim 4,
characterized in that the optical compensation films are
uniaxial compensation films or biaxial compensation films.

6. The liquid crystal display device according to claim 1,
characterized in that the first liquid crystal cell is any one ofan
IPS liquid crystal cell, a MVA liquid crystal cell and a PVA
liquid crystal cell.

7. The liquid crystal display device according to claim 1,
further comprising a control circuit for applying a voltage to
the first electrode and the second electrode based on a
received control signal so as to generate the vertical electric
field.

8. The liquid crystal display device according to claim 2,
further comprising a control circuit for applying a voltage to
the first electrode and the second electrode based on a
received control signal so as to generate the vertical electric
field.

9. The liquid crystal display device according to claim 3,
further comprising a control circuit for applying a voltage to
the first electrode and the second electrode based on a
received control signal so as to generate the vertical electric
field.

10. The liquid crystal display device according to claim 4,
further comprising a control circuit for applying a voltage to
the first electrode and the second electrode based on a
received control signal so as to generate the vertical electric
field.

11. The liquid crystal display device according to claim 5,
further comprising a control circuit for applying a voltage to
the first electrode and the second electrode based on a
received control signal so as to generate the vertical electric
field.

12. The liquid crystal display device according to claim 6,
further comprising a control circuit for applying a voltage to
the first electrode and the second electrode based on a
received control signal so as to generate the vertical electric
field.
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