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LIQUID CRYSTAL DISPLAY PANEL AND
LIQUID CRYSTAL DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to the field of liquid
crystal display technology, and particularly, to aliquid crystal
display panel and a liquid crystal display apparatus.

BACKGROUND ART

[0002] Liquid crystal displays have been widely used in
consumer electronics such as television, mobile phone, and
computer display, and gradually replace cathode ray tube
(CRT) displays to become a mainstream of displays, because
the liquid crystal displays have advantages such as small
volume, light weight, low drive voltage and low power con-
sumption, and excellent image quality in recent years, market
of liquid crystal displays is increased, and particularly, in
application for desktop computers and laptop computers.
[0003] Performances such as large area, high resolution,
wide view angle and fast response have become the key for
evaluating the quality of a liquid crystal display by consum-
ers.

[0004] Although wide view angle becomes more and more
important for functionality of a liquid crystal display, in some
cases, wide view angle may sacrifice privacy of the liquid
crystal display, that is, privacy of users cannot be protected.
[0005] Therefore, how to adjust or select the view angle of
a liquid crystal display in accordance with operational
requirements becomes a technical problem to be solved in the
art.

SUMMARY

[0006] Objective of the present invention is to provide a
liquid crystal display panel and a liquid crystal display appa-
ratus, wherein the view angle of the liquid crystal display
panel can be adjusted in accordance with operational require-
ments.

[0007] To achieve above objective, an aspect of the present
invention provides a liquid crystal display panel comprising a
first polarizer, a second polarizer and a liquid crystal cell
provided between the first polarizer and the second polarizer,
wherein the liquid crystal display panel further comprises a
view angle control layer provided between the first polarizer
and the second polarizer, the refractivity of the view angle
control layer in a horizontal direction can vary with an electric
field in the horizontal direction applied to the view angle
control layer.

[0008] Forexample, the view angle control layer comprises
an electrode layer and an electric birefringence material layer,
wherein the electrode layer comprises a first electrode and a
second electrode, and the electric field in the horizontal direc-
tion may be generated between the first electrode and the
second electrode to control refractivity of the electric bire-
fringence material layer in the horizontal direction.

[0009] For example, the first electrode is plate-shaped, and
the second electrode comprises a plurality of second elec-
trode strips provided with intervals therebetween, wherein
the second electrode strips are electrically connected with
each other, and the second electrode is provided between the
first electrode mid the electric birefringence material layer.
[0010] For example, the view angle control layer further
comprises a first insulation layer provided between the first
electrode and the second electrode.
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[0011] For example, the first electrode comprises a plural-
ity of first electrode strips electrically connected with each
other, the second electrode comprises a plurality of second
electrode strips electrically connected with each other, and
the first electrode strips and the second electrode strips are
provided alternatively.

[0012] For example, the view angle control layer further
comprises a second insulation layer which is bonded with the
electrode layer, and is provided between the electrode layer
mid the electric birefringence material layer.

[0013] For example, the electric birefringence material
layer comprises blue phase liquid crystals, and the view angle
control layer further comprises a package substrate, wherein
the blue phase liquid crystals are packaged between the pack-
age substrate and the liquid crystal cell.

[0014] For example, the view angle control layer is pro-
vided between the second polarizer and the liquid crystal cell,
and the electrode layer is provided on the lower surface of the
liquid crystal cell.

[0015] For example, the view angle control layer is pro-
vided between the first polarizer and the liquid erystal cell and
the electrode layer is provided on the upper surface of the
liquid crystal cell.

[0016] Another aspect of the present invention provides a
liquid crystal display apparatus comprising above liquid crys-
tal display panel of the present invention.

[0017] In the liquid crystal display panel of the present
invention, a view angle control layer is provided between the
first polarizer and the second polarizer, the refractivity of the
view angle control layer in the horizontal direction may be
controlled by controlling the electric field in the horizontal
direction applied to the view angle control layer, thus phase
differences among light rays transmitted through the liquid
crystal display panel may be controlled, and view angle ofthe
liquid crystal display panel may be controlled. In the liquid
crystal display apparatus of the present invention, the electric
field in the horizontal direction applied to the view angle
control layer may be adjusted in accordance with operational
requirements to achieve objective of adjusting the view angle
of the liquid crystal display apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Drawings constitute a part of the specification, and
are used for further explaining the invention in conjunction
with the following embodiments, but the invention is not
limited thereto. In the Drawings:

[0019] FIG. 1 shows a cross-sectional diagram of a liquid
crystal display panel according to a first embodiment of the
present invention;

[0020] FIG. 2 shows a cross-sectional diagram of a view
angle controllayer in the liquid crystal display panel shown in
FIG. 1 in an unpowered state;

[0021] FIG. 3 shows a cross-sectional diagram of the view
angle control layer shown in FIG. 2 in a powered state;
[0022] FIG. 4 shows a decomposition diagram of an elec-
trode layer ofthe view angle control layer shown in FIG. 2 and
FIG. 3;

[0023] FIG. 5 shows a cross-sectional diagram of a liquid
crystal display panel according to a second embodiment of
the present invention;

[0024] FIG. 6 shows a cross-sectional diagram of a view
angle controllayer in the liquid crystal display panel shown in
FIG. 5 in an unpowered state;
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[0025] FIG. 7 shows a cross-sectional diagram of the view
angle control layer shown in FIG. 6 in a powered state;
[0026] FIG. 8 shows a decomposition diagram of an elec-
trode layer ofthe view angle control layer shown in FIG. 6 and
FIG. 7,

[0027] FIG. 9 shows a cross-sectional diagram of a liquid
crystal display panel according to as third embodiment of the
present invention;

[0028] FIG. 10 shows a cross-sectional diagram of a view
angle controllayer in the liquid crystal display panel shown in
FIG. 9 in an unpowered state;

[0029] FIG. 11 shows across-sectional diagram ofthe view
angle control layer shown in FIG. 10 in a powered state;
[0030] FIG. 12 shows a decomposition diagram of an elec-
trode layer of the view angle control layer shown in FIG. 10
and FIG. 11;

[0031] FIG. 13 shows a cross-sectional diagram of a liquid
crystal display panel according to a fourth embodiment of the
present invention;

[0032] FIG. 14 shows a cross-sectional diagram of a view
angle controllayer in the liquid crystal display panel shown in
FIG. 13 in an unpowered state;

[0033] FIG. 15 shows across-sectional diagram ofthe view
angle control layer shown in FIG. 14 in a powered state;
[0034] FIG. 16 shows a decomposition diagram of an elec-
trode layer of the view angle control layer shown in FIG. 14
and FIG. 15.

[0035]

Reference signs:

11: upper substrate
13: lower substrate
21: electrode layer
23: package substrate
40: second polarizer
21a: first electrode
21e: second electrode

10: liquid erystal cell

12: liquid crystal material

20: view angle control layer

22: electric birefringence material layer
30: first polarizer

50: backlight source

21b: first insulation layer

21d: second insulation layer

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] Specific embodiments of the present invention will
be described below in detail with reference to the drawings. It
should be understood that, the specific embodiments
described here are only used for clarifying or explaining the
invention, but the invention is not limited thereto.

[0037] As shown in FIGS. 1, 5, 9 and 13, an aspect of the
present invention provides aliquid crystal display panel com-
prising a first polarizer 30, a second polarizer 40 and a liquid
crystal cell 10 provided between the first polarizer 30 and the
second polarizer 40, wherein the liquid crystal display panel
further comprises a view angle control layer 20 provided
between the first polarizer 30 and the second polarizer 40, a
refractivity of the view angle control layer 20 in a horizontal
direction can vary with the electric field in the horizontal
direction applied to the view angle control layer 20.

[0038] It should be understood that, the view angle control
layer 20 may be provided above or below the liquid crystal
cell 10, which will not be described here and will be described
below in detail.

[0039] Therefractivity of the view angle control layer 20 in
the horizontal direction can be changed, and thus phase dif-
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ferences among the light rays transmitted through the liquid
crystal display panel can be changed, by altering the electric
field in the horizontal direction applied to the view angle
control layer 20.

[0040] When the view angle of the liquid crystal display
panel is needed to be adjusted, it is only needed to adjust the
intensity of the electric field in the horizontal direction
applied to the view angle control layer 20. For example, in
cases that there is no need for secrecy, the intensity of the
electric field in the horizontal direction applied to the view
angle control layer 20 may be adjusted so that material of the
view angle control layer 20 is isotropic, thereby there is no
phase difference among light rays transmitted through the
liquid crystal display panel (as shown in FIGS. 2, 6, 10 and
14), at this time, the liquid crystal display panel has a rela-
tively wide view angle. In cases that secrecy is needed, the
intensity of the electric field in the horizontal direction
applied to the view angle control layer 20 may be adjusted so
that material of the view angle control layer 20 is anisotropic
(as shown in FIGS. 3,7, 11 and 15, wherein the curves with
arrows represent electric field lines), thereby refractivity of
the view angle control layer 20 in the horizontal direction is
changed, mid there are phase differences among light rays
transmitted through the liquid crystal display panel, at this
time the liquid crystal display panel has a relatively narrow
view angle.

[0041] Here, the liquid crystal cell 10 is well known in the
art, and it usually comprises an upper substrate 11, a lower
substrate 13, and liquid crystal material 12 packaged between
the upper substrate 11 and the lower substrate 13. An array
substrate may be provided on the lower substrate 13, and a
color filter substrate may be provided on the upper substrate
11. Moreover, the first polarizer 30 has a first transmission
axis, the second polarizer 40 has a second transmission axis,
and the first transmission axis and the second transmission
axis are perpendicular to one another. The liquid crystal mate-
rial 12 may be any one of horizontal alignment liquid crystal,
vertical alignment liquid crystal, twisted nematic liquid crys-
tal, or other liquid crystal materials other than above.

[0042] Inthe presentinvention, the view angle control layer
20 is not limited to any specific structure, as long as the
refractivity of the view angle control layer 20 in the horizontal
direction can vary with the electric field in the horizontal
direction applied to the view angle control layer 20.

[0043] In the four embodiments of the present invention,
the view angle control layer 20 may comprise an electrode
layer 21 and an electric birefringence material layer 22,
wherein the electrode layer 21 comprises a first electrode 21.a
and a second electrode 21c¢, and a electric fleld in the hori-
zontal direction may be generated between the first electrode
21a and the second electrode 21¢ to control refractivity of the
electric birefringence material layer 22 in the horizontal
direction. It should be understood that, the electric birefrin-
gence material layer 22 is made of electric birefringence
material.

[0044] As shown in FIGS. 2, 6, 10 and 14, when there is no
filed in the horizontal direction applied to the view angle
control layer 20 (that s, the intensity of the electric field in the
horizontal direction is zero, and there is no voltage difference
between the first electrode 21¢ and the second electrode 214
material of the electric birefringence material layer 22 is
isotropic, thus there is no phase difference among light rays
transmitted through the view angle control layer 20, and the
liquid crystal display panel has a relatively wide view angle.
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[0045] AsshowninFIGS.3,7,11and 15, after a filed in the
horizontal direction is applied to the view angle control layer
20, material of the electric birefringence material layer 22 is
anisotropic, thus there are phase differences among light rays
transmitted through the view angle control layer 20, and the
liquid crystal display panel has a relatively narrow view
angle. The intensity of the electric field in the horizontal
direction may be adjusted in accordance with requirements,
so that there are different phase differences among light rays
transmitted through the view angle control layer 20, and the
liquid crystal display panel has different view angles.

[0046] It should be understood that, in order to facilitate
understanding, in FIGS. 2, 3, 6, 7, 9, 10, 14 and 15, the
electrode layer 21 and the electric birefringence material
layer 22 are indicated separately, which is only used for
illustrating, but during normal operation, the electrode layer
21 and the electric birefringence material layer 22 are not
separated from each other.

[0047] In the present invention, the first electrode 21a and
the second electrode 21¢ are not limited to any specific struc-
ture respectively, as long as an electric field in the horizontal
direction may be generated between the first electrode 21a
and the second electrode 21c.

[0048] In the first embodiment (FIGS. 1-4) and second
embodiment (FIGS. 5-8) of the present invention, the first
electrode 21a is plate-shaped, the second electrode 21¢ com-
prises a plurality of second electrode strips with intervals
therebetween, wherein the second electrode strips are electri-
cally connected with each other (that is, the second electrode
21c¢is a comb-like structure), and the second electrode 21c¢ is
provided between the first electrode 21a and the electric
birefringence material layer 22.

[0049] As shown in FIGS. 3 and 7, an electric field in the
horizontal direction may be generated between the first elec-
trode 214, and the second electrode strips of the second elec-
trode 21c.

[0050] Inorder to generate an electric field between the first
electrode 214 and the second electrode 21¢ and reduce para-
sitic capacitance therebetween, the view angle control layer
20 may further comprise a first insulation layer 215 provided
between the first electrode 21a and the second electrode 21c¢.
With the first insulation layer 215 provided between the tint
electrode 21a and the second electrode 21c¢, a distance
between the first electrode 21¢ and the second electrode 21¢
is increased, and the parasitic capacitance generated between
the first electrode 21a and the second electrode 21¢ is
reduced. In the present invention, the first insulation layer 215
is not limited to any specific material, for example, the first
insulation layer 215 may be made of organic materials.
[0051] In the third embodiment (FIGS. 9-12) and fourth
embodiment (FIGS. 13-16) of the present invention, the first
electrode 21a comprises a plurality of first electrode strips
which are connected with each other (that is, the first elec-
trode 21a is a comb-like structure), and the second electrode
21c¢ also comprises a plurality of second electrode strips
which are connected with each other that is, the second elec-
trode 21c¢ is also a comb-like structure). In order to generate
an electric field in the horizontal direction between the first
electrode 21a and the second electrode 21¢ better, preferably,
the first electrode strips and the second electrode strips are
provided alternatively.

[0052] Advantage of using the first electrode 21a and the
second electrode 21¢ in the third and fourth embodiments of
the present invention is that, as the first electrode 21 and the
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second electrode 21¢ are provided in the same layer, the
number of exposures required for forming the first electrode
21a and the second electrode 21c is reduced.

[0053] Preferably, there may be a gap between a first elec-
trode strip of the first electrode 21a and a second electrode
strip of the second electrode 21 adjacent to the first electrode
strip, so that it is ensured that the electric field generated
between the first electrode 21a and the second electrode. 21¢
is a electric field in the horizontal direction.

[0054] In order to protect the first electrode 21a and the
second electrode 21¢, preferably, the view angle control layer
20 may further comprise, a second insulation layer 21d,
which is bonded with the electrode layer 21 and is provided
between the electrode layer 21 and the electric birefringence
material layer 22.

[0055] When there is a gap between a first electrode strip of
the first electrode 21a and a second electrode strip of the
second electrode 21cadjacent to the first electrode strip, a part
of the material of the second insulation layer 214 may enter
the gap between the first electrode strip of the first electrode
21a and the second electrode, strip of the second electrode
21c¢ adjacent to the first electrode strip so that the parasitic
capacitance may be further reduced.

[0056] In the present invention, the electric birefringence
material layer 22 is not limited to any specific material, as
long as the refractivity of the electric birefringence material
layer 22 in the horizontal direction can vary with the electric
field in the horizontal direction applied to it.

[0057] Preferably, the electric birefringence material layer
22 may comprise blue phase liquid crystals, and in this case,
in order to prevent the blue phase liquid crystals from flowing
out, the view angle control layer 20 may further comprise a
package substrate 23, wherein the blue phase liquid crystals
are packaged between the package substrate 23 and the liquid
crystal cell 10. The blue phase liquid crystals may be pack-
aged between the package substrate 23 and the liquid crystal
cell 10 in the same manner as that for packaging the liquid
crystal material 12 between the upper substrate 11 and the
lower substrate 13. For example, the blue phase liquid crys-
tals may be packaged between the package substrate 23 and
the liquid crystal cell 10 by using seal agent. In the present
invention, the electric birefringence material layer 22 may
also be made of nitrobenzene, monopotassium phosphate
crystal and the like.

[0058] As described above, the view angle control layer 20
may be provided above or below the liquid crystal cell 10.
[0059] In the first embodiment (FIGS. 1-4) and third
embodiment (FIGS. 9-12) of the present invention, the view
angle control layer 20 is provided below the liquid crystal cell
10, that is, the view angle control layer 20 is provided between
the second polarizer 40 and the liquid crystal cell 10, and the
electrode layer 21 is provided on the lower surface of the
liquid crystal cell 10. As described above, the liquid crystal
cell 10 usually comprises the upper substrate 11, the lower
substrate 13 and the liquid crystal material 12 packaged
between the upper substrate 11 and the lower substrate 13. In
the first and third embodiments, the electrode layer 21 may be
provided on the lower surface of the lower substrate 13.
Specifically, in the first embodiment, the first electrode 21a
may be provided on the lower surface of the lower substrate
13, and in the third embodiment, both of the first electrode
21a and the second electrode 21¢ may be provided on the
lower surface of the lower substrate 13. The structure of the
liquid crystal display panel may be simplified by directly
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providing the first electrode 21a and the second electrode 21¢
on the lower surface of the lower substrate 13, and the cost of
the liquid crystal display panel may be reduced.

[0060] In the second embodiment (FIGS. 5-8) and fourth
embodiment (FIGS. 13-16) of the present invention, the view
angle control layer 20 is provided above the liquid crystal cell
10, that is, the view angle control layer 20 is provided between
the first polarizer 30 and the liquid crystal cell 10, and the
electrode layer 21 is provided on the upper surface of the
liquid crystal cell 10. As described above, the liquid crystal
cell 10 usually comprises the upper substrate 11, the lower
substrate 13 and the liquid crystal material 12 packaged
between the upper substrate 11 and the lower substrate 13. In
the second and fourth embodiments, the electrode layer 21
may be provided on the upper surface of the upper substrate
11. Specifically, in the second embodiment, the first electrode
21a may be provided on the upper surface of the upper sub-
strate 11, and in the fourth embodiment, both of the first
electrode 21a and the second electrode 21¢ may be provided
on the upper surface of the upper substrate 11.

[0061] Of course, the liquid crystal cell 10 and the view
angle control layer 20 may be manufactured separately, and
then they are bonded with each other by using a bonding
mechanism. In this case, the view angle control layer may
comprise an upper package substrate and a lower package
substrate, wherein blue phase liquid crystals have been pack-
aged between the upper package substrate and the lower
package substrate. In this case, the electrode layer 21 may be
provided on the upper surface of the upper package substrate
(in case that the view angle control layer 20 is provided below
the liquid crystal cell 10) or provided on the lower surface of
the lower package substrate case that the view angle control
layer 20 is provided above the liquid crystal cell 10), so that an
electric field in the horizontal direction is generated.

[0062] Operational principle, and process of the liquid
crystal display panel according to the present invention will
be described below with reference to the liquid crystal display
panel of the first embodiment shown in FIGS. 1-4.

[0063] FIGS. 1 and 2 show a case that there is no electric
field in the horizontal direction applied to the view angle
control layer 20 (that is, there is no voltage difference
between the first electrode 214 and the second electrode 21¢).
In this case, material of the electric birefringence material
layer 22 in the view angle control layer 20 is isotropic, thus
the refractivity of the electric birefringence material layer 22
in the horizontal direction is not changed, and there is no
phase difference among light rays transmitted through the
view angle control layer 20, thereby the view angle of the
liquid crystal display panel remains the same as original, and
the liquid crystal display panel has a relatively wide view
angle.

[0064] FIG. 3 shows a case that an electric field in the
horizontal direction is applied to the view angle control layer
20 (that is, there is a voltage difference between the first
electrode 21ae and the second electrode 21¢). In this case,
material of the electric birefringence material layer 22 in the
view angle control layer 20 is anisotropic, thus the refractivity
of the electric birefringence material layer 22 in the horizon-
tal direction is changed, and there are phase differences
among light rays transmitted through the view angle control
layer 20, thereby the view angle of the liquid crystal display
panel is changed, and the liquid crystal display panel has a
relatively narrow view angle.
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[0065] Operational principles of the liquid crystal display
panels according to the second, third and fourth embodiments
of the present invention are the same as that of the liquid
crystal display panel according to the first embodiment of the
present invention, and are not repeated here.

[0066] In the liquid crystal display panel of the present
invention, a view angle control layer is provided between the
first polarizer and the second polarizer, thus the refractivity of
the view angle control layer in the horizontal direction may be
controlled by controlling the electric field in the horizontal
direction applied to the view angle control layer, and phase
differences among light rays transmitted through the liquid
crystal display panel may be controlled, thereby the view
angle of the liquid crystal display panel may be controlled.
[0067] Another aspect of the present invention provides a
liquid crystal display apparatus comprising above liquid crys-
tal display panel of the present invention. It should be under-
stood that, the liquid crystal display apparatus further com-
prises a backlight source 50, as shown in FIGS. 1,5,9 and 13.
[0068] Inthe liquid crystal display apparatus of the present
invention, the electric field in the horizontal direction applied
to the view angle control layer may be adjusted in accordance
with operational requirements to achieve objective of adjust-
ing the view angle of the liquid crystal display apparatus.
[0069] It should be understood that, the above implemen-
tations are only used to explain the principle of the present
invention, but not to limit the present invention. The persons
skilled in the art can make various variations and modifica-
tions without departing from the spirit and scope of the
present invention, and these variations and modifications are
also considered to be within the protection scope of the
present invention. Some of the technical features disclosed
above may be omitted in embodiments of the present inven-
tion, so as to only solve a part of technical problems in the
prior art. Furthermore, the disclosed technical features may
be combined in arbitrary manner. The protection scope of the
present invention should be defined by the claims and the
equivalents thereof, and the persons skilled in the art can
make various variations and combinations with the technical
solutions disclosed by the claims.

1-10. (canceled)

11. A liquid crystal display panel comprising a first polar-
izer, a second polarizer and a liquid crystal cell provided
between the first polarizer and the second polarizer, wherein
the liquid crystal display panel further comprises a view angle
control layer provided between the first polarizer and the
second polarizer, the refractivity of the view angle control
layer in a horizontal direction varies with an electric field in
the horizontal direction applied to the view angle control
layer.

12. The liquid crystal display panel of claim 11, wherein
the view angle control layer comprises an electrode layer and
an electric birefringence material layer, wherein the electrode
layer comprises a first electrode and a second electrode, and
the electric field in the horizontal direction may be generated
between the first electrode and the second electrode to control
the refractivity of the electric birefringence material layer in
the horizontal direction.

13. The liquid crystal display panel of claim 12, wherein
the first electrode is plate-shaped, and the second electrode
comprises a plurality of second electrode strips provided with
intervals therebetween, wherein the second electrode strips
are electrically connected with each other, and the second



US 2015/0301364 A1

electrode is provided between the first electrode and the elec-
tric birefringence material layer.

14. The liquid crystal display panel of claim 13, wherein
the view angle control layer further comprises a first insula-
tion layer provided between the first electrode and the second
electrode.

15. The liquid crystal display panel of claim 12, wherein
the first electrode comprises a plurality of first electrode strips
electrically connected with each other, the second electrode
comprises a plurality of second electrode strips electrically
connected with each other, and the first electrode strips and
the second electrode strips are provided alternatively.

16. The liquid crystal display panel of claim 15, wherein
the view angle control layer further comprises a second insu-
lation layer which is bonded with the electrode layer, and is
provided between the electrode layer and the electric birefrin-
gence material layer.

17. The liquid crystal display panel of claim 12, wherein
the electric birefringence material layer comprises blue phase
liquid crystals, and the view angle control layer further com-
prises a package substrate, wherein the blue phase liquid
crystals are packaged between the package substrate and the
liquid crystal cell.

18. The liquid crystal display panel of claim 13, wherein
the electric birefringence material layer comprises blue phase
liquid crystals, and the view angle control layer further com-
prises a package substrate, wherein the blue phase liquid
crystals are packaged between the package substrate and the
liquid crystal cell.
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19. The liquid crystal display panel of claim 14, wherein
the electric birefringence material layer comprises blue phase
liquid crystals, and the view angle control layer further com-
prises a package substrate, wherein the blue phase liquid
crystals are packaged between the package substrate and the
liquid crystal cell.

20. The liquid crystal display panel of claim 15, wherein
the electric birefringence material layer comprises blue phase
liquid crystals, and the view angle control layer further com-
prises a package substrate, wherein the blue phase liquid
crystals are packaged between the package substrate and the
liquid crystal cell.

21. The liquid crystal display panel of claim 16, wherein
the electric birefringence material layer comprises blue phase
liquid crystals, and the view angle control layer further com-
prises a package substrate, wherein the blue phase liquid
crystals are packaged between the package substrate and the
liquid crystal cell.

22. The liquid crystal display panel of claim 12, wherein
the view angle control layer is provided between the second
polarizer and the liquid crystal cell, and the electrode layer is
provided on the lower surface of the liquid crystal cell.

23. The liquid crystal display panel of claim 12, wherein
the view angle control layer is provided between the first
polarizer and the liquid crystal cell, and the electrode layer is
provided on the upper surface of the liquid crystal cell.

24. A liquid crystal display apparatus comprising the liquid
crystal display panel of claim 11.
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